
1 

SEQUENCING CHIP AND MANUFACTURING MEHTOD 

THEREFOR 

TECHNICAL FIELD 

[0001] The present disclosure relates to the field of biotechnology, and particularly, to a 

sequencing chip and a manufacturing method therefor. 5 

BACKGROUND 

[0002] The microarray sequencing chip is one of the prerequisites for high-throughput 

sequencing. In the current DNA Nano Ball (DNB) sequencing technology, DNBs are required 

to be fixed on a sequencing chip for subsequent sequencing biochemical reactions. As an 

example, for the sequencing chips now in use, nearly 200 million DNB-binding sites are 10 

provided on a surface of each chip. In order to stably fix the DNBs to the binding sites, the 

surface of the sequencing chip is required to subject to an amination treatment. In addition, 

regions on the chip surface other than binding sites are required to subjected other treatments, 

in order to reduce non-specific adsorption as much as possible, reduce background optical 

signal, and improve sequencing quality. Accordingly, one of the basic tasks for achieving high-15 

quality sequencing is to manufacture sequencing chips with microarrays efficiently and with 

lost cost. 

[0003] The existing method for manufacturing sequencing chip mainly includes the 

following steps. A nano-array patterned photoresist layer is first formed on a silicon wafer 

through a semiconductor process. The patterned layer may include multiple units with the same 20 

structure, and each unit can serve as one sequencing chip. Then the wafer including the 

patterned layer is subjected to a chemical vapor deposition to form an amination layer in a 

functional region of the wafer. Through an assembly process, the wafer is divided into 

individual chips, which are assembled into sequencing chips suitable for sequencing. 

[0004] The process of forming the patterned photoresist layer on the silicon wafer includes: 25 
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^`]dWRW\U O aWZWQ]\ eOTS`( O\R T]`[W\U O aWZWQ]\ ]fWRS ZOgS` ]\ O ac`TOQS ]T bVS aWZWQ]\ eOTS`7

bVS\ T]`[W\U O VSfO[SbVgZRWaWZ]fO\S &?C;H' ZOgS` ]\ bVS aWZWQ]\ ]fWRS ZOgS` bV`]cUV

QVS[WQOZ dO^]` RS^]aWbW]\ &:K;' ]` a^W\ Q]ObW\U( O\R T]`[W\U O ^ObbS`\SR ^V]b]`SaWab ZOgS`

bV`]cUV abO\RO`R ^V]b]ZWbV]U`O^Vg( RSdSZ]^W\U( O\R ]fgUS\ ^ZOa[O SbQVW\U ^`]QSaaSa* @\ bVS

^ObbS`\SR ^V]b]`SaWab ZOgS (̀ O ^O`b ]T bVS ^V]b]`SaWab ZOgS`( eVWQV VOa PSS\ SbQVSR OeOg bV`]cUV5 

RSdSZ]^W\U O\R acPXSQbSR b] bVS ]fgUS\ ^ZOa[O b`SOb[S\b( QO\ Sf^]aS bVS c\RS`ZgW\U aWZWQ]\

]fWRS ZOgS *̀ IVS ^ObbS`\SR ^V]b]`SaWab ZOgS` W\QZcRSa O ^Zc`OZWbg ]T c\Wba eWbV bVS aO[S \O\])

O``Og ab`cQbc`S( O\R SOQV c\Wb QO\ T]`[ O aS_cS\QW\U QVW^*

[0005] IVS ^`]QSaa ]T T]`[W\U O\ O[W\ObW]\ ZOgS` W\ bVS Tc\QbW]\OZ `SUW]\ W\QZcRSa6

^S`T]`[W\U O\ O[W\ObW]\ b`SOb[S\b ]\ bVS aWZWQ]\ eOTS` T]`[SR eWbV bVS ^ObbS`\SR ^V]b]`SaWab10 

ZOgS` bV`]cUV QVS[WQOZ dO^]` RS^]aWbW]\* 8a `SacZba( bVS O[W\ObW]\ ZOgS` Wa T]`[SR ]\ bVS aWZWQ]\

]fWRS ZOgS` W\ O `SUW]\ eVS`S bVS ^V]b]`SaWab Wa OPaS\b O\R bVS aWZWQ]\ ]fWRS Wa Sf^]aSR( eVWZS

bVS O[W\ObW]\ ZOgS` Wa T]`[SR ]\ bVS ^V]b]`SaWab ZOgS` W\ ]bVS` `SUW]\a bVOb O`S Q]dS`SR Pg bVS

^V]b]`SaWab*

[0006] The assembly process includes: coating the wafer that has been subjected to the 15 

amination treatment with a second protective photoresist layer, cutting the wafer through a 

wafer dicing process to form multiple individual chips, removing the photoresist on the 

individual chips to form a functionalized array pattern including aminated regions and HMDS 

regions that are alternately arranged on the surface, and assembling the chip with a frame and 

a cover glass through glue or other adhesives and forming a sequencing chip containing a fluid 20 

channel and liquid inlet and outlet. The fluid channel is formed between the cover glass and the 

silicon chips and is isolated by the glue or adhesive, and the liquid inlet and outlet can be located 

on the frame or the cover glass. 

[0007] After the sequencing chip is formed, the DNB sample to be sequenced is injected 

into the fluid channel via the liquid inlet and outlet, and contacts the functionalized array of the 25 

silicon chip including the alternately arranged aminated regions and the HMDS regions. The 

DNBs can be selectively adsorbed by the aminated regions and repelled by the HMDS regions, 

and thus they can be arranged in an array to form a DNB array on the surface. By acquiring the 

signal emitted by the DNB array with an optical method, the arrangement of the bases on the 

DNBs can be identified for sequencing applications. 30 



/

[0008] The sequencing chip prepared as above can be used for sequencing in such a manner 

that DNBs are selectively adsorbed by the aminated regions and HMDS regions on the surface 

of the silicon chips. However, the aminated region and the HMDS region are a monomolecular 

layer on the surface of the silicon oxide, and the monomolecular layer on the surface may be 

easily damaged through physical and chemical contact (such as surface scratching, high 5 

temperature or contacts with other chemical reactive reagent) in the process of assembling or 

usage, thereby affecting the performance of the sequencing chip, or even causing scrapping of 

the chip. In this regard, the efficiency of generating valid data may be affected when using the 

sequencing chip for sequencing applications, the yield of the sequencing chip can also be 

reduced, which lowers the output of the sequencing chip, and indirectly increases the cost of 10 

the sequencing chip. 

[0009] Therefore, it is urgent to develop an efficient, low-cost, and environmentally 

friendly sequencing chip. 

BD<<1AF

[0010] @\ dWSe ]T bVS R`OePOQYa ]T bVS SfWabW\U aS_cS\QW\U QVW^a [S\bW]\SR OP]dS( bVS15 

^`SaS\b RWaQZ]ac`S ^`]dWRSa O \Se aS_cS\QW\U QVW^ ab`cQbc`S O\R O [O\cTOQbc`W\U [SbV]R(

eVWQV Wa []`S abOPZS O\R `SZWOPZS( O\R VOdS PSbbS` ^S`T]`[O\QS* @\ bVS ^`SaS\b RWaQZ]ac`S(

W\abSOR ]T caW\U bVS []\][]ZSQcZO` ZOgS` b] T]`[ O ;D9 O``Og( O ^ObbS`\SR O``Og &eSZZ)ZWYS ]`

a^]b)ZWYS' ]T [SbOZ ]fWRS `SUW]\a O\R aWZWQ]\ ]fWRS `SUW]\a bVOb O`S OZbS`\ObSZg ^`SaS\b ]\ O

ac`TOQS ]T O aWZWQ]\ eOTS` Wa OR]^bSR b] aSZSQbWdSZg ORa]`P ;D9a O\R b] T]`[ O ;D9 O``Og T]`20 

aS_cS\QW\U* IVS aS_cS\QW\U QVW^ ]T bVS ^`SaS\b RWaQZ]ac`S Wa OZa] ^`S^O`SR Pg O aS[WQ]\RcQb]`

^`]QSaa* =W`ab( O ^ObbS`\SR O``Og ]T b`O\aWbW]\ [SbOZ ]fWRS `SUW]\a O\R aWZWQ]\ ]fWRS `SUW]\a bVOb

O`S OZbS`\ObSZg ^`SaS\b Wa T]`[SR ]\ O eOTS`( bVS\ bVS eOTS` Wa Qcb W\b] O ^Zc`OZWbg ]T W\RWdWRcOZ

QVW^a Pg O RWQW\U ^`]QSaa( O\R O aS_cS\QW\U QVW^ Wa T]`[SR Pg OaaS[PZW\U ]\S aW\UZS QVW^* IVS

;D9)PW\RW\U aWbS `SUW]\a &W*S*( Tc\QbW]\OZ `SUW]\a( ]` b`O\aWbW]\ [SbOZ ]fWRS `SUW]\a' O\R bVS25 

;D9 \]\)PW\RW\U aWbS `SUW]\a &W*S*( \]\)Tc\QbW]\OZ `SUW]\a( aWZWQ]\ ]fWRS `SUW]\a' ]\ bVS QVW^

ac`TOQS QO\ PS aSZSQbWdSZg []RWTWSR Pg cbWZWhW\U bVS RWTTS`S\QS W\ ac`TOQS ^`]^S`bWSa PSbeSS\ O

b`O\aWbW]\ [SbOZ ]fWRS ac`TOQS O\R O aWZWQ]\ ]fWRS ac`TOQS* C]`S]dS`( W\ ]`RS` b] Tc`bVS` W[^`]dS
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bVS a^SQWTWQ PW\RW\U ]T bVS Tc\QbW]\OZ `SUW]\a ]T bVS QVW^ ac`TOQS &bVS ;D9)PW\RW\U aWbS `SUW]\a'

b] bVS ;D9a( O^^ZWQO\ba OZa] ^`]^]aS T]` bVS TW`ab bW[S b] W\b`]RcQS O[W\] U`]c^a ]\b] bVS

b`O\aWbW]\ [SbOZ ]fWRS* @\ ORRWbW]\( O^^ZWQO\ba OZa] ^`]^]aS T]` bVS TW`ab bW[S b] []RWTg bVS \]\)

Tc\QbW]\OZ `SUW]\a ]T bVS QVW^ ac`TOQS &W*S*( bVS ;D9 \]\)PW\RW\U aWbS `SUW]\a' eWbV O Q]^]Zg[S`

VOdW\U O U]]R PW]Q][^ObWPWZWbg &acQV Oa ^]ZgSbVgZS\S UZgQ]Z)POaSR Q][^]c\Ra'( W\ ]`RS` b]5 

`SRcQS bVS ;D9)PW\RW\U ]T bVS \]\)Tc\QbW]\OZ `SUW]\a ]\ bVS QVW^ ac`TOQS O\R b] Tc`bVS`

W[^`]dS bVS a^SQWTWQ ;D9)PW\RW\U ]T bVS Tc\QbW]\OZ `SUW]\a ]\ bVS QVW^ ac`TOQS* @\ bVWa eOg(

bVS _cOZWbg ]T aS_cS\QW\U QO\ PS W[^`]dSR* IVS aS_cS\QW\U QVW^ ]T bVS ^`SaS\b RWaQZ]ac`S VOa

bVS ORdO\bOUSa W\ bVOb( bVS ac`TOQS ]T bVS aWZWQ]\ eOTS` Wa O\ O``Og T]`[SR Pg bVS [SbOZ ]fWRS

`SUW]\a O\R bVS aWZWQ]\ ]fWRS `SUW]\a bVOb O`S OZbS`\ObSZg O``O\USR( eVWQV Wa []`S abOPZS O\R10 

`SZWOPZS bVO\ O\ O``Og T]`[SR Pg O []\][]ZSQcZO` ZOgS *̀ IVca( O RObO ]cb^cb STTWQWS\Qg ]T bVS

aS_cS\QW\U QVW^ QO\ PS W[^`]dSR( bVS ]cb^cb ]T bVS aS_cS\QW\U QVW^ Wa S\VO\QSR( O\R bVS Q]ab

QO\ PS `SRcQSR* @\ ORRWbW]\( bVS ^`SaS\b RWaQZ]ac`S OZa] ^`]dWRSa ^`STS``SR ab`cQbc`OZ aWhSa ]T bVS

aS_cS\QW\U QVW^ POaSR ]\ ]^bWQOZ aW[cZObW]\ `SacZba( O\R bVSaS ^`STS``SR ab`cQbc`OZ aWhSa QO\

W\bS\aWTg bVS aWU\OZ S[WbbSR Pg bVS aO[^ZS b] PS bSabSR( bVS`SPg W[^`]dW\U bVS ^S`T]`[O\QS ]T15 

bVS aS_cS\QW\U QVW^*

[0011] @\ O TW`ab Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^`SaS\b RWaQZ]ac`S ^`]dWRSa O QVW^

[Ob`Wf* 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS QVW^ [Ob`Wf W\QZcRSa6 O eOTS`

ZOgS` VOdW\U QcbbW\U ZW\Sa bVOb O`S SdS\Zg RWab`WPcbSR ]\ bVS eOTS` ZOgS`7 O TW`ab aWZWQ]\ ]fWRS

ZOgS`( bVS TW`ab aWZWQ]\ ]fWRS ZOgS` PSW\U [ORS ]T aWZWQ]\ ]fWRS O\R T]`[SR ]\ O\ c^^S` ac`TOQS20 

]T bVS eOTS` ZOgS`7 O\R O b`O\aWbW]\ [SbOZ ]fWRS ZOgS`( bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` PSW\U

[ORS ]T O b`O\aWbW]\ [SbOZ ]fWRS O\R T]`[SR ]\ O\ c^^S` ac`TOQS ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS *̀

[0012] J\ZSaa ]bVS`eWaS a^SQWTWSR( bVS #QVW^ [Ob`Wf# W\ bVS ^`SaS\b RWaQZ]ac`S `STS`a b] O

eOTS` bVOb QO\ PS RWdWRSR W\b] aS_cS\QW\U QVW^ c\Wba* =]` SfO[^ZS( bVS QVW^ [Ob`Wf OQQ]`RW\U b]

bVS S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S QO\ PS RWdWRSR W\b] QVW^ c\Wba( bVS QVW^ c\Wba QO\ PS25 

Tc`bVS` OaaS[PZSR W\b] O aS_cS\QW\U QVW^ P]Rg( O\R O aS_cS\QW\U QVW^ Wa T]`[SR Pg bVS

aS_cS\QW\U QVW^ P]Rg O\R O ac^^]`bW\U T`O[S eWbV O ZW_cWR W\ZSb O\R ]cbZSb*

[0013] IVS QVW^ [Ob`Wf OQQ]`RW\U b] bVS S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S VOa O

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` [ORS ]T O b`O\aWbW]\ [SbOZ ]fWRS O\R O aWZWQ]\ ]fWRS ZOgS` [ORS ]T

aWZWQ]\ ]fWRS* IVS b`O\aWbW]\ [SbOZ ]fWRS O\R bVS aWZWQ]\ ]fWRS VOdS RWTTS`S\b ^`]^S`bWSa*30 
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IVS`ST]`S( bVS aS_cS\QSa b] PS aS_cS\QSR( Sa^SQWOZZg ;D9a QO\ PS aSZSQbWdSZg ORa]`PSR ]\ bVS

b`O\aWbW]\ [SbOZ ]fWRS `SUW]\a ]T bVS QVW^ [Ob`Wf OQQ]`RW\U b] bVS S[P]RW[S\ba ]T bVS ^`SaS\b

RWaQZ]ac`S( Pg QVO\UW\U ^?( ac`TOQbO\b Q][^]aWbW]\ ]` ]bVS`a ]T O a]ZcbW]\ Q]\bOW\W\U bVS

aS_cS\QSa b] PS bSabSR* @\ bVWa QOaS( bVS QVW^ [Ob`Wf OQQ]`RW\U b] bVS S[P]RW[S\ba ]T bVS ^`SaS\b

RWaQZ]ac`S QO\ PS RWdWRSR W\b] be] `SUW]\a( W*S*( O aS_cS\QS)PW\RW\U aWbS `SUW]\ &W*S*( Tc\QbW]\OZ5 

`SUW]\' O\R O aS_cS\QS \]\)PW\RW\U aWbS `SUW]\ &W*S*( \]\)Tc\QbW]\OZ `SUW]\'* @b Wa c\RS`abO\ROPZS

bVOb( bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` ]\ bVS aS_cS\QW\U [Ob`Wf aS`dSa Oa bVS Tc\QbW]\OZ `SUW]\

bVOb a^SQWTWQOZZg PW\Ra b] bVS aS_cS\QSa b] PS aS_cS\QSR( eVWZS bVS aWZWQ]\ ]fWRS ZOgS` bVOb QO\\]b

PW\R b] bVS aS_cS\QSa b] PS aS_cS\QSR aS`dSa Oa bVS \]\)Tc\QbW]\OZ `SUW]\* @\ ORRWbW]\( bVS

PW\RW\U aWbS `SUW]\a O\R \]\)PW\RW\U aWbS `SUW]\a ]T bVS aS_cS\QW\U aS_cS\QS QO\ PS aSZSQbWdSZg10 

[]RWTWSR b] Tc`bVS` S\VO\QS bVS b`O\aWbW]\ [SbOZ ]fWRS `SUW]\ka QO^OPWZWbg ]T aSZSQbWdSZg

ORa]`PW\U bVS aS_cS\QSa b] PS bSabSR* IVS QVW^ [Ob`Wf OQQ]`RW\U b] bVS S[P]RW[S\ba ]T bVS

^`SaS\b RWaQZ]ac`S VOa bVS QVO`OQbS`WabWQa acQV Oa `SaWabO\QS OUOW\ab VWUV bS[^S`Obc`S( VWUV

Vc[WRWbg O\R ]bVS` VO`aV S\dW`]\[S\ba*

[0014] @\ O aSQ]\R Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^`SaS\b RWaQZ]ac`S ^`]dWRSa O15 

aS_cS\QW\U QVW^* 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS aS_cS\QW\U QVW^

W\QZcRSa O QVW^ P]Rg( bVS QVW^ P]Rg W\QZcRSa O ^Zc`OZWbg ]T QVW^ c\Wba( O\R bVS ^Zc`OZWbg ]T QVW^

c\Wba Wa ]PbOW\SR Pg QcbbW\U bVS OT]`S[S\bW]\SR QVW^ [Ob`Wf OZ]\U bVS QcbbW\U ZW\Sa ]T bVS eOTS`

ZOgS *̀ 8^^ZWQO\ba T]c\R bVOb bVS aS_cS\QSa b] PS aS_cS\QSR QO\ PS aSZSQbWdSZg ORa]`PSR ]\ bVS

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Pg QVO\UW\U ^? O\R ac`TOQbO\b Q][^]aWbW]\ ]T bVS a]ZcbW]\20 

Q]\bOW\W\U bVS aS_cS\QSa b] PS aS_cS\QSR( Sa^SQWOZZg ;D9a* IVS aS_cS\QW\U QVW^ OQQ]`RW\U b]

bVS S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S Wa []`S abOPZS O\R bVS aS_cS\QW\U `SacZba bVS`S]T Wa

[]`S `SZWOPZS( bVS`SPg aWU\WTWQO\bZg W[^`]dW\U bVS RObO ]cb^cb STTWQWS\Qg ]T bVS aS_cS\QW\U QVW^(

W\Q`SOaW\U bVS ]cb^cb ]T bVS aS_cS\QW\U QVW^( O\R aWU\WTWQO\bZg `SRcQW\U bVS aS_cS\QW\U Q]ab*

[0015] @\ O bVW`R Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^`SaS\b RWaQZ]ac`S ^`]dWRSa O [SbV]R25 

T]` [O\cTOQbc`W\U bVS OT]`S[S\bW]\SR QVW^ [Ob`Wf* 8QQ]`RW\U b] bVS S[P]RW[S\ba ]T bVS

^`SaS\b RWaQZ]ac`S( bVS [SbV]R W\QZcRSa6 ^S`T]`[W\U ac`TOQS []RWTWQObW]\ ]\ bVS eOTS` ZOgS *̀

IVS ac`TOQS []RWTWQObW]\ W\QZcRSa6 b`SObW\U O ac`TOQS ]T bVS eOTS` ZOgS` eWbV O b`O\aWbW]\ [SbOZ

]fWRS b] T]`[ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS *̀ IVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa T]`[SR ]\ O\

c^^S` ac`TOQS ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS (̀ bVS TW`ab aWZWQ]\ ]fWRS ZOgS` Wa ^`]dWRSR ]\ bVS c^^S`30 
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ac`TOQS ]T bVS eOTS` ZOgS (̀ O\R bVS aWZWQ]\ ]fWRS ZOgS` Wa [ORS ]T aWZWQ]\ ]fWRS( O\R bVS eOTS`

ZOgS` VOa QcbbW\U ZW\Sa SdS\Zg RWab`WPcbSR ]\ bVS eOTS` ZOgS *̀ IVS [SbV]R OQQ]`RW\U b] bVS

S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S Wa aW[^ZS b] ]^S`ObS O\R S\dW`]\[S\bOZZg T`WS\RZg*

[0016] @\ O T]c`bV Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^`SaS\b RWaQZ]ac`S ^`]dWRSa O [SbV]R

T]` [O\cTOQbc`W\U O aS_cS\QW\U QVW^* 8QQ]`RW\U b] bVS S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S(5 

bVS [SbV]R W\QZcRSa6 OaaS[PZW\U O QVW^ c\Wb* IVS QVW^ c\Wb Wa ]PbOW\SR Pg QcbbW\U O QVW^ [Ob`Wf

OZ]\U QcbbW\U ZW\Sa ]T O eOTS` ZOgS` ]T bVS QVW^ [Ob`Wf( O\R bVS QVW^ [Ob`Wf Wa Oa RSTW\SR OP]dS

]` ]PbOW\SR Pg bVS [SbV]R RSaQ`WPSR OP]dS* IVS [SbV]R OQQ]`RW\U b] bVS S[P]RW[S\ba ]T bVS

^`SaS\b RWaQZ]ac`S Wa aW[^ZS b] ]^S`ObS( O\R bVS ^`]RcQbW]\ gWSZR ]T bVS aS_cS\QW\U QVW^a Wa VWUV*

[0017] @\ O TWTbV Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^`SaS\b RWaQZ]ac`S ^`]dWRSa O10 

aS_cS\QW\U [SbV]R* 8QQ]`RW\U b] bVS S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S( bVS [SbV]R

W\QZcRSa6 ^S`T]`[W\U aS_cS\QW\U caW\U O aS_cS\QW\U QVW^( bVS aS_cS\QW\U QVW^ Wa Oa RSTW\SR

OP]dS ]` [O\cTOQbc`SR Pg bVS [SbV]R RSaQ`WPSR OP]dS* 8QQ]`RW\U b] bVS [SbV]R ]T bVS

S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S( bVS aS_cS\QW\U `SacZba O`S []`S OQQc`ObS O\R bVS Q]ab Wa

Z]eS *̀15 

2A956 45B3A9?C9>= >6 4A1E9=7B

[0018] FIGS. -)1 O`S Q`]aa)aSQbW]\OZ dWSea ]T `Sa^SQbWdS ^`]QSaaSa W\ O ^`S^O`ObW]\ ]T O

aS_cS\QW\U QVW^ W\QZcRW\U O ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS ZOgS` eWbV #a^]b# ab`cQbc`Sa

OQQ]`RW\U b] O\ Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( W\ eVWQV

[0019] FIG. - Wa O Q`]aa)aSQbW]\OZ dWSe ]T O eOTS` ab`cQbc`S -)-, OQQ]`RW\U b] O\20 

S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( W\ eVWQV O b`O\aWbW]\ [SbOZ ]fWRS ZOgS` TWZ[ VOdW\U

O``OgSR ia^]bj ab`cQbc`Sa Wa T]`[SR ]\ O aWZWQ]\ ]fWRS ZOgS` ]T O eOTS`7

[0020] FIG. . Wa O Q`]aa)aSQbW]\OZ dWSe ]T [cZbW^ZS W\RWdWRcOZ QVW^a -)., T]`[SR OTbS` bVS

eOTS` -)-, aV]e\ W\ =@>* - Wa acPXSQbSR b] O RWQW\U ^`]QSaa OQQ]`RW\U b] O\ S[P]RW[S\b ]T bVS

^`SaS\b RWaQZ]ac`S725 

[0021] FIG. / Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ -)/, T]`[SR Pg OaaS[PZW\U bVS

QVW^ aV]e\ W\ =@>* . OQQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S7

[0022] =@>* 0 Wa O aS_cS\QW\U QVW^ -)0, OQQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b



3

RWaQZ]ac`S( eVWQV Wa T]`[SR OTbS` bVS aS_cS\QW\U QVW^ -)/, W\ =@>* / Wa acPXSQbSR b] O ac`TOQS

Tc\QbW]\OZWhObW]\ []RWTWQObW]\7

[0023] FIG. 18 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ -)1,8 W\QZcRW\U O ;D9 O``Og

OQQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( eVWQV Wa T]`[SR OTbS` ;D9a O`S Z]ORSR

]\ bVS ac`TOQS)[]RWTWSR aS_cS\QW\U QVW^ -)0, aV]e\ W\ =@>* 075 

[0024] FIG. 19 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O []`S aW[^ZS` aS_cS\QW\U QVW^ -)1,9

OQQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( W\ eVWQV O ;D9 O``Og QO\ PS T]`[SR ]\

bVS aS_cS\QW\U QVW^ eWbV]cb ^S`T]`[W\U O ac`TOQS []RWTWQObW]\7

[0025] =@>* 1: WZZcab`ObSa O `SZObW]\ PSbeSS\ O\ W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ O\R O

bVWQY\Saa ]T O aWZWQ]\ ]fWRS ZOgS` OQQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S710 

[0026] FIG. 1; WZZcab`ObSa O `SZObW]\ PSbeSS\ O\ W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ O\R O

bVWQY\Saa ]T b`O\aWbW]\ [SbOZ ]fWRS &%a^]b% ab`cQbc`S' OQQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b

RWaQZ]ac`S*

[0027] FIGS. 2)-- O`S Q`]aa)aSQbW]\OZ dWSea ]T `Sa^SQbWdS ^`]QSaaSa W\ O ^`S^O`ObW]\ ]T O

aS_cS\QW\U QVW^ OQQ]`RW\U b] O\]bVS` Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( bVS aS_cS\QW\U QVW^15 

W\QZcRW\U O ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS ZOgS` eWbV O``OgSR #eSZZ# ab`cQbc`Sa( W\ eVWQV

[0028] FIG. 2 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O eOTS` ab`cQbc`Sa .)-, OQQ]`RW\U b] O\

S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( W\ eVWQV O b`O\aWbW]\ [SbOZ ]fWRS ZOgS` TWZ[ Wa T]`[SR ]\

O aWZWQ]\ ]fWRS ZOgS` ]\ bVS ac`TOQS W\QZcRSR W\ O eOTS`7

[0029] FIG. 3 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O eOTS` .)., OQQ]`RW\U b] O\ S[P]RW[S\b ]T bVS20 

^`SaS\b RWaQZ]ac`S( W\ eVWQV O aWZWQ]\ ]fWRS ZOgS` VOdW\U O``OgSR #eSZZ# ab`cQbc`Sa Wa T]`[SR ]\

bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` TWZ[ ]T bVS eOTS` ab`cQbc`S .)-, aV]e\ W\ =@>* 27

[0030] FIG. 4 Wa O Q`]aa)aSQbW]\OZ dWSe ]T [cZbW^ZS W\RWdWRcOZ QVW^a .)/, OQQ]`RW\U b] O\

S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( eVWQV O`S T]`[SR OTbS` bVS eOTS` ab`cQbc`S .)., VOdW\U

bVS O``OgSR #eSZZ# ab`cQbc`Sa aV]e\ W\ =@>* 3 Wa acPXSQbSR b] O RWQW\U ^`]QSaa725 

[0031] FIG. 5 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ .)0, T]`[SR Pg OaaS[PZW\U

]\S aW\UZS QVW^ aV]e\ W\ =@>* 4 OQQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S7

[0032] FIG. -, Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ .)1, OQQ]`RW\U b] O\

S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( eVWQV Wa T]`[SR OTbS` bVS aS_cS\QW\U QVW^ aV]e\ W\ =@>*

5 Wa acPXSQbSR b] O ac`TOQS Tc\QbW]\OZWhObW]\ []RWTWQObW]\730 
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[0033] FIG. --8 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ .)2,8 eWbV O ;D9 O``Og

OQQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( eVWQV Wa T]`[SR OTbS` ;D9a O`S Z]ORSR

]\ bVS aS_cS\QW\U QVW^ .)1, bVOb VOa PSS\ acPXSQbSR b] bVS ac`TOQS Tc\QbW]\OZWhObW]\

[]RWTWQObW]\ Oa aV]e\ W\ =@>* -,7

[0034] FIG. --9 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aW[^ZS` aS_cS\QW\U QVW^ .)2,9 OQQ]`RW\U b]5 

O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( W\ eVWQV O ;D9 O``Og QO\ PS T]`[SR ]\ bVS

aS_cS\QW\U QVW^ eWbV]cb ^S`T]`[W\U O ac`TOQS []RWTWQObW]\7

[0035] =@>* --: WZZcab`ObSa O `SZObW]\ PSbeSS\ O TZc]`SaQS\QS aWU\OZ O\R O aSQ]\R ]fWRS

ZOgS` VOdW\U #eSZZ# ab`cQbc`Sa POaSR ]\ RWTTS`S\b ieSZZj ab`cQbc`Sa ]\ aWZWQ]\ acPab`ObS OQQ]`RW\U

b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S710 

[0036] =@>* --; WZZcab`ObSa O `SZObW]\ PSbeSS\ O\ W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ O\R O

bVWQY\Saa ]T O b`O\aWbW]\ [SbOZ ]fWRS OQQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S*

[0037] FIGS. -.)-3 O`S Q`]aa)aSQbW]\OZ dWSea ]T dO`W]ca ^`]QSaaSa W\ O ^`S^O`ObW]\ ]T O

aS_cS\QW\U QVW^ W\QZcRW\U O\]bVS` ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS ZOgS` eWbV O``OgSR #eSZZ#

ab`cQbc`Sa OQQ]`RW\U b] O\]bVS` Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( W\ eVWQV15 

[0038] FIG. -. Wa O Q`]aa)aSQbW]\OZ dWSe ]T O eOTS` ab`cQbc`S /)-, OQQ]`RW\U b] O\

S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( W\ eVWQV O b`O\aWbW]\ [SbOZ ]fWRS ZOgS` VOdW\U O``OgSR

ia^]bj ab`cQbc`Sa Wa T]`[SR ]\ O aWZWQ]\ ]fWRS ZOgS` ]\ bVS ac`TOQS ]T O eOTS`7

[0039] FIG. 13 is a cross-sectional view of a wafer 3-20 according to an embodiment of the 

present disclosure, in which a silicon oxide layer with arrayed "well" structures is formed on 20 

the wafer structure 3-10 having the transition metal oxide layer as shown in FIG. 12; 

[0040] FIG. 14 is a cross-sectional view of multiple individual chips 3-30 according to an 

embodiment of the present disclosure, which is formed after the wafer structure 3-20 having 

the arrayed "well" structures shown in FIG. 13 is subjected to a dicing process; 

[0041] FIG. 15 is a cross-sectional view of a sequencing chip 3-40 according to an 25 

embodiment of the present disclosure, which is formed Pg OaaS[PZW\U one single chip shown 

in FIG. 14; 

[0042] FIG. 16 is a cross-sectional view of a sequencing chip 3-50 formed after the 

sequencing chip shown in FIG. 15 is subjected to a surface functionalization modification 

according to an embodiment of the present disclosure; 30 
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[0043] FIG. 17A is a cross-sectional view of a sequencing chip 3-60A with a DNB array 

according to an embodiment of the present disclosure, which is formed after DNBs are loaded 

on the sequencing chip 3-50 that has been subjected to a surface functionalization modification 

shown in FIG. 16; 

[0044] FIG. 17B is a cross-sectional view of a simpler sequencing chip 3-60B according to 5 

an embodiment of the present disclosure, in which a DNB array can be formed on the 

sequencing chip without performing a surface modification; 

[0045] FIG. 17C illustrates another relation between the fluorescence signal of different 

"well" structures based on a silicon substrate and the second oxide layer according to an 

embodiment of the present disclosure. 10 

[0046] FIGS. 18-22 are cross-sectional views of respective processes in a preparation of a 

back-illuminated sequencing chip according to another aspect of the present disclosure, which 

includes a patterned transition metal oxide layer having arrayed “spot” structures; 

[0047] FIG. 18 is a cross-sectional view of a wafer structure 4-10 according to an 

embodiment of the present disclosure, in which a transition metal oxide layer film having 15 

arrayed “spot” structures is formed on a silicon oxide layer of a wafer; 

[0048] FIG. 19 is a cross-sectional view of multiple individual chips 4-20 formed after the 

wafer structure 4-10 with arrayed “spot” structures as shown in FIG. 18 is subjected to a dicing 

process according to an embodiment of the present disclosure; 

[0049] FIG. 20 is a cross-sectional view of a sequencing chip 4-30 formed by assembling 20 

the individual chip 4-20 shown in FIG. 19 according to an embodiment of the present disclosure. 

During the assembly process, the chip and the frame are assembled with the patterned layer 

facing downward, and thus an excitation light source/camera illuminates the DNBs and acquires 

signals through the quartz or glass substrate from the back of the chip; 

[0050] FIG. 21 is a cross-sectional view of a sequencing chip 4-40 according to an 25 

embodiment of the present disclosure, which is formed after the sequencing chip shown in FIG. 

20 is subjected to a surface functionalization modification; 

[0051] FIG. 22A is a cross-sectional view of a sequencing chip 4-50A with a DNB array 

according to an embodiment of the present disclosure, which is formed after DNBs are loaded 

on the sequencing chip 4-40 that has been subjected to a surface functionalization modification 30 
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shown in FIG. 21; 

[0052] FIG. 22B is a cross-sectional view of a simpler sequencing chip 4-50B according to 

an embodiment of the present disclosure, which a DNB array can be formed in the sequencing 

chip without performing a surface modification; 

[0053] FIG. 22C illustrates a relation between a fluorescence signal and the second oxide 5 

layer (back-illuminated "spot" structures) based on a quartz substrate according to an 

embodiment of the present disclosure. 

[0054] FIGS. 23-28 are cross-sectional views of respective processes in a preparation of a 

back-illuminated sequencing chip according to another aspect of the present disclosure, in 

which includes a patterned transition metal oxide layer having arrayed "well" structures, in 10 

which 

[0055] FIG. 23 is a cross-sectional view of a wafer structure 5-10 according to an 

embodiment of the present disclosure, in which a transition metal oxide layer film is formed on 

a surface of a wafer including a silicon oxide layer; 

[0056] FIG. 24 is a cross-sectional view of a wafer 5-20 according to an embodiment of the 15 

present disclosure, in which a silicon oxide layer having arrayed "well" structures is formed on 

a transition metal oxide layer film of the wafer structure 5-10 shown in FIG. 23; 

[0057] FIG. 25 is a cross-sectional view of multiple individual chips 5-30 according to an 

embodiment of the present disclosure, which is formed after the wafer structure 5-20 having 

the arrayed "well" structures shown in FIG. 24 is subjected to a dicing process; 20 

[0058] FIG. 26 is a cross-sectional view of a sequencing chip 5-40 according to an 

embodiment of the present disclosure, which is formed after assembling the individual chip 5-

30 in FIG. 25. During the assembly process, the chip and the frame are assembled with the 

patterned layer facing downward, allowing the excitation light source/camera to illuminate the 

DNBs and acquire signals from the back of the chip through the quartz or glass substrate; 25 

[0059] FIG. 27 is a cross-sectional view of a sequencing chip 5-50 according to an 

embodiment of the present disclosure, which is formed after the sequencing chip shown in FIG. 

26 is subjected to a surface functionalization modification; 

[0060] FIG. 28A is a cross-sectional view of a sequencing chip 5-60A with a DNB array 

according to an embodiment of the present disclosure, which is formed after DNBs are loaded 30 
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on the sequencing chip 5-50 that has been subjected to a surface functionalization modification 

as shown in FIG. 27; 

[0061] FIG. 28B is a cross-sectional view of a simpler sequencing chip 5-60B according to 

an embodiment of the present disclosure, in which a DNB array can be formed on the 

sequencing chip without surface modification; 5 

[0062] FIG. 28C illustrates a relation between a fluorescence signal and a second oxide 

layer (back-illuminated "well" structures) based on different "well" structures of a quartz 

substrate according to an embodiment of the present disclosure. 

[0063] FIGS. 29-34 are cross-sectional views of respective processes in a preparation of 

another back-illuminated sequencing chip according to another aspect of the present disclosure, 10 

which includes a patterned transition metal oxide layer with arrayed "well" structures, in which, 

[0064] FIG. 29 is a cross-sectional view of a wafer structure 6-10 according to an 

embodiment of the present disclosure, which includes a transition metal oxide layer 613 having 

O``OgSR ia^]bj ab`cQbc`Sa T]`[SR ]\ O ac`TOQS ]T O eOTS` 2-- VOdW\U O aWZWQ]\ ]fWRS ZOgS` 2-.; 

[0065] FIG. 30 is a cross-sectional view of a wafer 6-20 according to an embodiment of the 15 

present disclosure, which is formed after a silicon oxide layer having arrayed "well" structures 

is formed on the wafer structure 6-10 having the transition metal oxide layer film as shown in 

FIG. 29; 

[0066] FIG. 31 is a cross-sectional view of multiple individual chips 6-30 according to an 

embodiment of the present disclosure, which is formed after the wafer structure 6-20 having 20 

the arrayed "well" structures as shown in FIG. 30 is subjected to a dicing process; 

[0067] FIG. 32 is a cross-sectional view of a sequencing chip 6-40 according to an 

embodiment of the present disclosure, which is formed Pg OaaS[PZW\U the individual chip 6-30 

in FIG. 31. During the assembly process, the chip and a frame are assembled with the patterned 

layer facing downward, allowing the excitation light source/camera to illuminate the DNBs and 25 

acquire signals from the back of the chip through the quartz or glass substrate; 

[0068] FIG. 33 is a cross-sectional view of a sequencing chip 6-50 according to an 

embodiment of the present disclosure, which is formed after the sequencing chip shown in FIG. 

32 is subjected to a surface functionalization modification; 

[0069] FIG. 34A is a cross-sectional view of a sequencing chip 6-60A with a DNB array 30 
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according to an embodiment of the present disclosure, which is formed after DNBs are loaded 

on the sequencing chip 6-50 that has been subjected to a surface functionalization modification 

as shown in FIG. 33 

[0070] FIG. 34B is a cross-sectional view of a simpler sequencing chip 6-60B according to 

an embodiment of the present disclosure, in which a DNB array can be formed on the 5 

sequencing chip without performing a surface modification; 

[0071] FIG. 34C illustrates a relation between a fluorescence signal and the second oxide 

layer (another back-illuminated "well" structure) based on another different "well" structure 

based on a quartz substrate according to an embodiment of the present disclosure; 

[0072] FIGS. 35-41 are cross-sectional views of various processes in a preparation of a 10 

sequencing chip according to another aspect of the present disclosure, in which a patterned 

transition metal oxide layer having arrayed "spot" structures or "well" structures is formed on 

a CMOS image sensor wafer; 

[0073] FIG. 35 is a cross-sectional view of a CMOS image sensor wafer 7-10 including a 

surface oxide layer according to an embodiment of the present disclosure; 15 

[0074] FIG. 36A is a cross-sectional view of a wafer structure 7-20A according to an 

embodiment of the present disclosure, which is formed after a patterned transition metal oxide 

ZOgS` VOdW\U O``OgSR ia^]bj ab`cQbc`Sa Wa T]`[SR ]\ bVS :CEH eOTS` 3-10 shown in FIG. 35; 

[0075] FIG. 36B is a cross-sectional view of a wafer structure 7-20B according to an 

embodiment of the present disclosure, which is formed after a patterned transition metal oxide 20 

layer having arrayed "well" structures is formed on the CMOS wafer 7-10 shown in FIG. 35; 

[0076] FIG. 36C is a cross-sectional view of a wafer structure 7-20C according to an 

embodiment of the present disclosure, which is formed after a different patterned transition 

metal oxide layer having arrayed "well" structures is formed on the CMOS wafer 7-10 shown 

in FIG. 35; 25 

[0077] FIG. 37 is a cross-sectional view of multiple individual chips 7-30 according to an 

embodiment of the present disclosure, which is formed after the CMOS wafer 7-20 including 

the patterned transition metal oxide layer shown in FIG. 36 is subjected to a dicing process; 

[0078] FIG. 38 is a cross-sectional view of a chip structure 7-40 according to an 

embodiment of the present disclosure, which is formed after a chip attaching and wire bonding 30 
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of the chip shown in FIG. 37; 

[0079] FIG. 39 is a cross-sectional view of a sequencing chip 7-50 according to an 

embodiment of the present disclosure, which formed by attaching a cover structure to the chip 

7-50 after the chip attaching and wire bonding as shown in FIG. 38; 

[0080] FIG. 40 is a cross-sectional view of a sequencing chip 7-60 according to an 5 

embodiment of the present disclosure, which is formed after the sequencing chip shown in FIG. 

39 is subjected to a surface functionalization modification; 

[0081] FIG. 41A is a cross-sectional view of a sequencing chip 7-70A with a DNB array 

according to an embodiment of the present disclosure, which are formed after DNBs are loaded 

on the chip 7-60 that has been subjected to a surface functionalization modification as shown 10 

in FIG. 40; 

[0082] FIG. 41B is a cross-sectional view of a simpler sequencing chip 7-70B according to 

an embodiment of the present disclosure, in which a DNB array can be formed on the 

sequencing chip without performing a surface modification; 

[0083] FIG. 41C illustrates a relation between a fluorescence intensity and a thickness of a 15 

top oxide layer based on a CMOS structure according to an embodiment of the present 

disclosure; 

[0084] FIG. 41D illustrates a relation between a fluorescence intensity based on a CMOS 

structure and a thickness of a "spot"-like metal oxide layer according to an embodiment of the 

present disclosure; 20 

[0085] FIG. 41E illustrates a relation between a fluorescence intensity and a thickness of a 

thin-film metal oxide layer based on a CMOS structure according to an embodiment of the 

present disclosure; 

[0086] FIG. 41F illustrates a relation between a fluorescence intensity and a thickness of a 

second oxide layer (thin film metal oxide layer) based on a CMOS structure according to an 25 

embodiment of the present disclosure. 

[0087] FIG. 42 is a cross-sectional view of a wafer structure 8-10 including a transition 

metal oxide layer VOdW\U O``OgSR ia^]bj ab`cQbc`Sa according to an embodiment of the present 

disclosure. 

[0088] FIG. 43 is a cross-sectional view of a wafer structure 8-20 formed after the wafer 30 
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structure 8-10 shown in FIG. 42 is subjected to a dicing process to form multiple individual 

chips 81 and 82 according to an embodiment of the present disclosure. 

[0089] FIG. 44 is a cross-sectional view of a reusable sequencing chip 8-30 according to an 

embodiment of the present disclosure, which is formed by assembling the individual chip 81 or 

82 formed in FIG. 43 with a handle structure 831. 5 

[0090] FIG. 45 is a schematic diagram illustrating that the assembled sequencing chip as 

shown in FIG. 44 is immersed into a container 841 containing a reagent 842 according to an 

embodiment of the present disclosure. 

[0091] FIG. 46 is a fluorescence image of an unmodified transition metal oxide chip surface 

according to an embodiment of the present disclosure, obtained by changing DNB loading 10 

conditions. 

[0092] FIG. 47 is a diagram illustrating sequencing results on a Zebra platform according 

to an embodiment of the present disclosure. 

[0093] FIG. 48 is a fluorescence image after a transition metal oxide chip surface is 

subjected to a selective amination modification and then DNBs are loaded according to an 15 

embodiment of the present disclosure. 

[0094] FIG. 49 is a fluorescence image according to an embodiment of the present 

disclosure, which obtained after the transition metal oxide region is subjected to an amination, 

the non-functional silicon dioxide region is subjected to a copolymer modification, and then 

DNBs are loaded, left: control group, right: experimental group. 20 

[0095] FIG. 50 is a fluorescence image for detecting effects of further modifying non-

functional regions with a silane coupling agent containing polyethylene glycol according to an 

embodiment of the present disclosure, left: control group, right: experimental group. 

[0096] Reference signs: 

1-10: wafer structure 25 

11 and 12: individual chips on wafer 

111: wafer substrate structure 

112: silicon oxide layer 

113: patterned transition metal oxide layer (i.e., transition metal oxide "spots") 

1-20: multiple individual wafer structures 30 
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121: cutting slot 

1-30: assembled sequencing chip formed by one individual chip 

131: frame structure 

132: cover glass 

133: liquid inlet and outlet 5 

134: fluid channel 

1-40: sequencing chip formed after performing a surface functionalization modification 

141: amino group 

142: polyethylene glycol molecular layer 

1-50A: sequencing chip containing DNB array formed after DNBs are loaded 10 

1-50B: sequencing chip in which a DNB array is formed 

151: DNB sample 

152: light source and camera 

2-10: wafer structure formed by forming a silicon oxide layer and a transition metal oxide 

layer on a bare wafer 15 

21 and 22: individual chips 

211: wafer substrate 

212: silicon oxide layer 

213: transition metal oxide layer 

2-20: wafer formed after forming a silicon oxide layer with patterned "well" structures on 20 

a transition metal oxide layer included in a wafer  

221: silicon oxide layer 

222: "well" structures discretely arranged in an array 

2-30: multiple individual chips formed after a wafer structure is subjected to a dicing 

process 25 

231: cutting slot 

2-40: assembled sequencing chip formed by one individual chip  

241: frame 

242: cover glass 

243: liquid inlet and outlet 30 
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244: fluid channel 

2-50: sequencing chip formed after performing a surface functionalization modification  

251: silicon oxide layer 

252: transition metal oxide layer 

2-60A: sequencing chip with a DNB array formed after DNBs are loaded on the 5 

sequencing chip 

2-60B: sequencing chip in which a DNB array is formed 

261: DNB 

262: excitation light source/camera structure 

3-10: wafer structure having a patterned transition metal oxide layer 10 

31 and 32: individual chips 

311: wafer 

312: silicon oxide layer 

313: transition metal oxide layer 

3-20: wafer structure formed after a silicon oxide layer with patterned "well" structures is 15 

formed on a wafer containing a patterned transition metal oxide layer 

321: silicon oxide layer 

322: "well" structure on the silicon oxide layer 

3-30: multiple individual chips, which are separated by cutting slots and formed after 

performing a dicing process on a wafer structure  20 

331: cutting slot 

3-40: assembled sequencing chip formed by one individual chip 

341: frame 

342: cover glass 

343: liquid inlet and outlet 25 

344: fluid channel 

3-50: sequencing chip formed after performing a surface functionalization modification 

351: silicon oxide layer 

352: transition metal oxide layer 

3-60A: sequencing chip having a DNB array, which is formed after performing surface 30 
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functionalization treatment on the sequencing chip and loading with DNBs 

361: DNB 

362: excitation light source/camera structure 

3-60B: sequencing chip in which a DNB array is formed 

4-10: wafer structure formed by forming a patterned transition metal oxide layer on a 5 

silicon oxide layer of a quartz wafer 

41 and 42: individual chips on wafer 

411: quartz wafer 

412: silicon oxide layer 

413: patterned transition metal oxide layer 10 

4-20: multiple individual chips that are separated by cutting slots and formed after a wafer 

is subjected to a dicing process 

421: cutting slot 

4-30: sequencing chip formed by packaging one individual chip 

431: frame 15 

432: liquid inlet and outlet 

433: fluid channel 

4-40: sequencing chip formed after performing a surface functionalization modification 

441: silicon oxide layer 

442: transition metal oxide layer 20 

4-50A: sequencing chip having a DNB array, formed after the sequencing chip is subjected 

to a surface functionalization modification and DNBs are loaded 

4-50B: sequencing chip in which a DNB array is formed 

451: DNB 

452: excitation light source/camera 25 

5-10: wafer structure formed by forming a silicon oxide layer and a transition metal oxide 

layer on a bare wafer 

51 and 52: individual chips on wafer 

511: wafer substrate  

512: silicon oxide layer 30 
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513: patterned transition metal oxide layer 

5-20: wafer formed by forming a silicon oxide layer with patterned "well" structures on a 

transition metal oxide layer included in the wafer 

521: silicon oxide layer 

522: transition metal oxide layer 5 

5-30: multiple individual chips formed after the wafer structure is subjected to a dicing 

process 

531: cutting slot 

5-40: assembled sequencing chip formed by one individual chip 

541: frame 10 

542: liquid inlet and outlet 

5-50: sequencing chip formed after performing a surface functionalization modification 

on the sequencing chip 

551: silicon oxide layer 

552: transition metal oxide layer 15 

5-60A: sequencing chip having a DNB array, formed after the sequencing chip is subjected 

to a surface functionalization modification and DNBs are loaded 

5-60B: sequencing chip in which a DNB array is formed 

561: DNB 

562: excitation light source/camera 20 

6-10: wafer structure containing a patterned transition metal oxide layer 

61 and 62: individual chips on a wafer 

611: wafer 

612: silicon oxide layer 

613: transition metal oxide layer 25 

6-20: wafer structure formed by forming a silicon oxide layer having patterned "well" 

structures on the wafer containing a patterned transition metal oxide layer 

621: silicon oxide layer 

622: "well" structure on the silicon oxide layer 

6-30: multiple individual chips separated by cutting slots and formed after the wafer 30 
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structure is subjected to a dicing process 

631: cutting slot 

6-40: sequencing chip formed after packaging one individual chip 

641: frame 

642: liquid inlet and outlet 5 

6-50: sequencing chip formed after the sequencing chip is subjected to a surface 

functionalization modification  

651: silicon oxide layer 

652: transition metal oxide layer 

6-60A: sequencing chip having a DNB array, formed after the sequencing chip is subjected 10 

to a surface functionalization modification and DNBs are loaded 

6-60B: sequencing chip in which a DNB array is formed 

661: DNB 

662: excitation light source/camera 

7-10: CMOS image sensor wafer 15 

71 and 72: two chips 

73: photosensitive layer 

74: interconnection layer 

75: substrate layer 

711: silicon substrate 20 

712: CMOS processing circuit layer 

713: dielectric layer 

714: metal wiring 

715: semiconductor material 

716: photosensitive part 25 

717: dielectric film layer 

718: silicon oxide layer 

719: pad on the chip 

720: interconnection silicon through-hole 

7-20A: wafer structure formed after forming a patterned transition metal oxide layer with 30 
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a "spot" structure on a CMOS image sensor wafer 

721: transition metal oxide region  

7-20B: wafer structure formed after forming a patterned transition metal oxide layer with 

a "well" structure on a CMOS image sensor wafer  

722: transition metal oxide region 5 

723: silicon oxide region 

724: transition metal oxide region having a "well" structure 

7-20C: wafer structure formed after forming a patterned transition metal oxide layer with 

another "well" structure on a CMOS image sensor wafer 

725: transition metal oxide region 10 

726: silicon oxide region 

727: transition metal oxide region 

7-30: multiple individual chips separated by a cutting slot and formed after the patterned 

wafer structure is subjected to a dicing process 

731: cutting slot 15 

7-40: chip structure formed after chip attaching and wire bonding 

741: package underlay 

742: pad on the substrate 

743: touch point 

744: metal connection wire 20 

7-50: sequencing chip formed after a cover structure is attached to the chip structure 

751: cover structure of support structure 

752: liquid inlet and outlet 

753: fluid channel 

7-60: sequencing chip formed after the sequencing chip is subjected to a surface 25 

functionalization modification  

761: transition metal oxide region 

762: silicon oxide region 

7-70A: sequencing chip with a DNB array, formed after the sequencing chip is subjected 

to a functionalization treatment and DNBs are loaded 30 
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7-70B: sequencing chip in which a DNB array is formed 

771: DNB 

8-10: wafer structure having a transition metal oxide layer with a structure of arrayed 

"spots" 

81 and 82: individual chips on wafer 5 

811: wafer substrate 

812: silicon oxide layer 

813: transition metal oxide layer having a structure of "spots" 

81 and 82: multiple individual chips 

8-20: wafer structure of multiple individual chips formed after the wafer structure is 10 

subjected to a dicing process 

821: cutting line 

8-30: reusable sequencing chip formed by assembling one single chip with a handle 

structure 

831: handle structure 15 

8-40: assembled sequencing chip immersed into a container containing a reagent 

841: container 

842: reagent 

843: excitation light source/camera 

45B3A9?C9>= >6 5<2>49<5=CB20 

[0097] <[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S O`S RSaQ`WPSR W\ RSbOWZ PSZ]e( O\R SfO[^ZSa

]T bVS S[P]RW[S\ba O`S WZZcab`ObSR W\ bVS OQQ][^O\gW\U R`OeW\Ua* IVS S[P]RW[S\ba RSaQ`WPSR

PSZ]e eWbV `STS`S\QS b] bVS OQQ][^O\gW\U R`OeW\Ua O`S WZZcab`ObWdS O\R W\bS\RSR b] Sf^ZOW\ bVS

^`SaS\b RWaQZ]ac`S( Pcb aV]cZR \]b PS Q]\ab`cSR Oa ZW[WbObW]\a ]T bVS ^`SaS\b RWaQZ]ac`S*

[0098] J\ZSaa ]bVS`eWaS a^SQWTWSR( `SOUS\ba( RSbSQbW]\ W\ab`c[S\ba( SbQ* W\ bVS SfO[^ZSa QO\25 

PS aSZT)^`S^O`SR ]` O`S Q][[S`QWOZZg OdOWZOPZS*

[0099] @b aV]cZR PS \]bSR bVOb( O #b`O\aWbW]\ [SbOZ ]fWRS `SUW]\# `SQWbSR W\ bVS ^`SaS\b

RWaQZ]ac`S `STS`a b] O `SUW]\ T]`[SR Pg b`O\aWbW]\ [SbOZ ]fWRS eVS\ dWSeSR T`][ O ac`TOQS ]T O



..

QVW^ [Ob`Wf( O\R O #aWZWQ]\ ]fWRS `SUW]\# RSaQ`WPSR W\ bVS ^`SaS\b RWaQZ]ac`S `STS`a b] O `SUW]\

T]`[SR Pg aWZWQ]\ ]fWRS eVS\ dWSeSR T`][ bVS ac`TOQS ]T bVS QVW^ [Ob`Wf*

[00100] IVS bS`[ #^ObbS`\SR ZOgS`# W\RWQObSa bVOb O ^ObbS`\ OZbS`\ObSZg SfWaba W\ O b`O\aWbW]\

[SbOZ ]fWRS `SUW]\ O\R O aWZWQ]\ ]fWRS `SUW]\ ]\ O eOTS` ac`TOQS( W\QZcRW\U O #eSZZ# ab`cQbc`S

O\R O #a^]b# ab`cQbc`S*5 

[00101] IVS bS`[ #a^]b# ab`cQbc`S [SO\a bVOb bVS b`O\aWbW]\ [SbOZ ]fWRS `SUW]\ Wa VWUVS` bVO\

bVS aWZWQ]\ ]fWRS `SUW]\( bVOb Wa( bVS b`O\aWbW]\ [SbOZ ]fWRS Wa RWaQ`SbSZg RWab`WPcbSR ]\ bVS aWZWQ]\

]fWRS*

[00102] IVS Sf^`SaaW]\( #bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa O Q]\bW\c]ca ZOgS` ab`cQbc`S( O\R

bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` Wa T]`[SR Pg aWZWQ]\ ]fWRS ]\ O\ c^^S` ac`TOQS ]T bVS b`O\aWbW]\10 

[SbOZ ]fWRS ZOgS` O\R RSTW\Sa O ^Zc`OZWbg ]T Q]\\SQbSR eSZZa#( [SO\a bVOb bVS aSQ]\R aWZWQ]\

]fWRS ZOgS` VOa O ab`cQbc`S ]T U`WRa Q]dS`W\U bVS c^^S` ac`TOQS ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS`(

bVOb Wa( O P]Rg ]T bVS U`WR Wa [ORS ]T aWZWQ]\ ]fWRS( O\R bVS b`O\aWbW]\ [SbOZ ]fWRS Wa Sf^]aSR Pg

bVS `SQSaaSR eSZZa RSTW\SR Pg bVS U`WRa* @b QO\ OZa] PS c\RS`ab]]R bVOb( bVS aSQ]\R aWZWQ]\ ]fWRS

ZOgS` Wa `SQSaaSR ZWYS eSZZa( T]`[W\U O ^ObbS`\ ]T U`WRa ]\ bVS c^^S` ac`TOQS ]T bVS b`O\aWbW]\15 

[SbOZ ]fWRS ZOgS *̀ IVS bS`[ #QVW^ [Ob`Wf# QO\ PS RWdWRSR W\b] W\RWdWRcOZ QVW^a( eVWQV QO\ PS

OaaS[PZSR W\b] aS_cS\QW\U QVW^a acWbOPZS T]` aS_cS\QW\U* IVS eOTS` ab`cQbc`S [Og Q]\bOW\ bS\a

b] bV]caO\Ra ]T WRS\bWQOZ W\RWdWRcOZ QVW^a &RS^S\RW\U c^]\ O eOTS` aWhS O\R O QVW^ aWhS'( O\R O\

Sfb`S[SZg \O``]e \]\)Tc\QbW]\OZ a^OQW\U Wa `SaS`dSR PSbeSS\ bVS QVW^a( O\R bVS a^OQW\U Wa OZa]

`STS``SR Oa b] O QcbbW\U ZW\S*20 

[00103] IVS ^`S^O`ObW]\ ]T bVS aS_cS\QW\U QVW^ ]T bVS ^`SaS\b RWaQZ]ac`S Wa \]b ^O`bWQcZO`Zg

ZW[WbSR( O\R QO\ OR]^b O Q]\dS\bW]\OZ [SbV]R T]` [O\cTOQbc`W\U bVS aS_cS\QW\U QVW^ T`][ O

eOTS` [ObS`WOZ W\ bVS `SZObSR O`b( RS^S\RW\U ]\ RWTTS`S\b eOTS` [ObS`WOZa caSR( eWbV O RWTTS`S\QS

T`][ bVS aS_cS\QW\U QVW^ W\ bVS `SZObSR O`b W\ bVOb bVS W\RWdWRcOZ QVW^ caSR Wa RWTTS`S\b*

[00104] IVS bS`[ #W\RWdWRcOZ QVW^# `STS`a b] O QVW^ ]PbOW\SR Pg QcbbW\U bVS #QVW^ [Ob`Wf# W\25 

bVS ^`SaS\b RWaQZ]ac`S OZ]\U bVS QcbbW\U ZW\S( O\R QO\ OZa] PS QOZZSR #QVW^ c\Wb#. 

3PQW TI[YQ_

[00105] @\ bVS TW`ab Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^`SaS\b RWaQZ]ac`S ^`]dWRSa O QVW^

[Ob`Wf* 8QQ]`RW\U b] bVS S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S( bVS QVW^ [Ob`Wf W\QZcRSa6 O

eOTS` ZOgS` VOdW\U QcbbW\U ZW\Sa bVOb O`S c\WT]`[Zg RWab`WPcbSR ]\ bVS eOTS` ZOgS`7 O TW`ab aWZWQ]\30 
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]fWRS ZOgS` [ORS ]T aWZWQ]\ ]fWRS O\R T]`[SR ]\ O\ c^^S` ac`TOQS ]T bVS eOTS` ZOgS`7 O b`O\aWbW]\

[SbOZ ]fWRS ZOgS` [ORS ]T b`O\aWbW]\ [SbOZ ]fWRS O\R T]`[SR ]\ O\ c^^S` ac`TOQS ]T bVS TW`ab

aWZWQ]\ ]fWRS ZOgS *̀ 8QQ]`RW\U b] bVS S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( O ac`TOQS ]T bVS QVW^

[Ob`Wf W\QZcRSa be] `SUW]\a( \O[SZg O PW\RW\U aWbS `SUW]\ &b`O\aWbW]\ [SbOZ ]fWRS `SUW]\( W*S*( O

Tc\QbW]\OZ `SUW]\' ]T aS_cS\QSa b] PS aS_cS\QSR &Sa^SQWOZZg ;D9a' O\R O \]\)PW\RW\U aWbS5 

`SUW]\ &aWZWQ]\ ]fWRS( W*S*( O \]\)Tc\QbW]\OZ `SUW]\' ]T bVS aS_cS\QSa b] PS aS_cS\QSR* 8^^ZWQO\ba

T]c\R bVOb( Pg caW\U bVS RWTTS`S\b ac`TOQS ^`]^S`bWSa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS `SUW]\ O\R bVS

aWZWQ]\ ]fWRS `SUW]\ ]\ bVS QVW^ [Ob`Wf( bVS aS_cS\QSa b] PS aS_cS\QSR QO\ PS aSZSQbWdSZg

ORa]`PSR ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Pg QVO\UW\U ^? O\R O ac`TOQbO\b Q][^]aWbW]\ ]T O

a]ZcbW]\ Q]\bOW\W\U bVS aS_cS\QSa b] PS aS_cS\QSR* @\ ORRWbW]\( bVS b`O\aWbW]\ [SbOZ ]fWRS `SUW]\10 

O\R \]\)Tc\QbW]\OZ `SUW]\ QO\ PS aSZSQbWdSZg []RWTWSR b] Tc`bVS` S\VO\QS bVS b`O\aWbW]\ [SbOZ

]fWRS `SUW]\ka QO^OPWZWbg ]T aSZSQbWdSZg ORa]`PW\U ;D9a*

[00106] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` Wa Q]\abWbcbSR Pg O ^Zc`OZWbg ]T c\Q]\\SQbSR b`O\aWbW]\ [SbOZ ]fWRS a^]ba* IVS b`O\aWbW]\

[SbOZ ]fWRS QO\ PS RWaQ`SbSZg RWab`WPcbSR ]\ bVS ac`TOQS ]T aWZWQ]\ ]fWRS bV`]cUV Q]\dS\bW]\OZ15 

[SbV]Ra acQV Oa a^cbbS`W\U( SZSQb`]\ PSO[ SdO^]`ObW]\ ]` bVS`[OZ SdO^]`ObW]\ Ob][WQ ZOgS`

RS^]aWbW]\ b] T]`[ O ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS ZOgS` W\ T]`[ ]T #a^]ba#* IVca( eVS\

dWSeSR T`][ bVS ac`TOQS( b`O\aWbW]\ [SbOZ ]fWRS a^]ba bVOb a^SQWTWQOZZg PW\R b] bVS aS_cS\QSa b]

PS aS_cS\QSa O\R aWZWQ]\ ]fWRS `SUW]\a bVOb O`S Z]QObSR PSbeSS\ bVS a^]ba O\R QO\\]b PW\R b]

bVS aS_cS\QW\U aS_cS\QS O`S T]`[SR ]\ bVS QVW^ [Ob`Wf*20 

[00107] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS b`O\aWbW]\ [SbOZ ]fWRS

a^]ba VOdS O bVWQY\Saa ]T -,)., \[( O\R bVS TW`ab aWZWQ]\ ]fWRS ZOgS` VOa O bVWQY\Saa ]T 4,)-,,

\[( ^`STS`OPZg 5, \[* IV`]cUV aW[cZObW]\ QOZQcZObW]\a( 8^^ZWQO\ba T]c\R bVOb O QVW^ [Ob`Wf( W\

eVWQV bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS a^]ba `O\USa T`][ -, b] ., \[ O\R bVS

bVWQY\Saa ]T bVS aWZWQ]\ ]fWRS ZOgS` &W*S*( bVS TW`ab aWZWQ]\ ]fWRS ZOgS`' `O\USa T`][ 4, b] -,,\[(25 

^`STS`OPZg 5,\[( VOa O VWUVS` `STZSQbWdWbg T]` ZWUVb S[WbbSR Pg bVS aS_cS\QSa b] PS aS_cS\QSR(

Sa^SQWOZZg bVS ;D9a( a] bVOb ZWUVb aWU\OZa S[WbbSR Pg bVS aS_cS\QSa b] PS aS_cS\QSR( Sa^SQWOZZg

Pg bVS ;D9a( QO\ PS QO^bc`SR Pg O aWU\OZ RSbSQbW]\ RSdWQS Oa [cQV Oa ^]aaWPZS( eVWQV W\RW`SQbZg

S\VO\QSa O aWU\OZ W\bS\aWbg ]T bVS aS_cS\QSa b] PS aS_cS\QSR( Sa^SQWOZZg bVS aWU\OZ W\bS\aWbg ]T

bVS ;D9a( ^`]dWRW\U O VWUVS` aWU\OZ)b])\]WaS `ObW]( O\R aWU\WTWQO\bZg W[^`]dW\U bVS30 
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^S`T]`[O\QS ]T bVS TW\OZZg ]PbOW\SR aS_cS\QW\U QVW^*

[00108] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( O[W\] U`]c^a O`S Tc`bVS`

Q]\\SQbSR b] bVS b`O\aWbW]\ [SbOZ ]fWRS a^]ba* 8^^ZWQO\ba T]c\R bVOb O[W\ObW]\ ]T b`O\aWbW]\

[SbOZ ]fWRS []ZSQcZSa QO\ Tc`bVS` W[^`]dS bVS ORa]`^bW]\ a^SQWTWQWbg ]T bVS ac`TOQS Tc\QbW]\OZ

`SUW]\ ]T bVS QVW^ [Ob`Wf T]` bVS ;D9a* IVS`ST]`S( Pg ORXcabW\U bVS ^? O\R ac`TOQbO\b5 

Q][^]aWbW]\ ]T bVS `SOUS\b Q]\bOW\ ;D9a( bVS ac`TOQS Tc\QbW]\OZ `SUW]\ ]T bVS QVW^ [Ob`Wf VOa

ab`]\US` ;D9)a^SQWTWQ ORa]`^bW]\ Tc\QbW]\*

[00109] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( ^]ZgSbVgZS\S UZgQ]Z Wa Tc`bVS`

Q]\\SQbSR b] bVS TW`ab aWZWQ]\ ]fWRS ZOgS` PSbeSS\ bVS ^Zc`OZWbg ]T c\Q]\\SQbSR b`O\aWbW]\ [SbOZ

]fWRS a^]ba* 8a O `SacZb( bVS ;D9 \]\)a^SQWTWQ ORa]`^bW]\ ]T bVS \]\)Tc\QbW]\OZ `SUW]\ ]\ bVS10 

ac`TOQS ]T bVS QVW^ [Ob`Wf Wa Tc`bVS` `SRcQSR*

[00110] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS QVW^ [Ob`Wf Tc`bVS`

W\QZcRSa O aSQ]\R aWZWQ]\ ]fWRS ZOgS *̀

[00111] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` Wa O Q]\bW\c]ca ZOgS` ab`cQbc`S( O\R bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` Wa [ORS ]T aWZWQ]\ ]fWRS15 

O\R T]`[SR ]\ bVS c^^S` ac`TOQS ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Oa O ^Zc`OZWbg ]T eSZZa bVOb

O`S Q]\\SQbSR b] SOQV ]bVS *̀ @b aV]cZR PS \]bSR bVOb bVS Q]\bW\c]ca ZOgS` ab`cQbc`S [SO\a bVOb

bVS b`O\aWbW]\ [SbOZ ]fWRS Wa a^`SOR ]dS` bVS c^^S` ac`TOQS ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS *̀ 8a O

`SacZb( ]\S ]` []`S aSQ]\R aWZWQ]\ ]fWRS ZOgS`a VOdW\U eSZZa O`S Q]dS`SR ]\ bVS b`O\aWbW]\ [SbOZ

]fWRS ZOgS`( b] ]PbOW\ O ^ObbS`\ W\ eVWQV bVS ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS O\R aWZWQ]\ ]fWRS20 

O`S OZbS`\ObSZg ^`SaS\b*

[00112] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` Q]\aWaba ]T O ^Zc`OZWbg ]T c\Q]\\SQbSR b`O\aWbW]\ [SbOZ ]fWRS a^]ba( O\R bVS aSQ]\R aWZWQ]\

]fWRS ZOgS` Wa T]`[SR PSbeSS\ bVS ^Zc`OZWbg ]T c\Q]\\SQbSR b`O\aWbW]\ [SbOZ ]fWRS a^]ba ]\ bVS

c^^S` ac`TOQS ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS *̀ @b QO\ PS c\RS`ab]]R bVOb bVS aSQ]\R aWZWQ]\ ]fWRS25 

ZOgS` O\R bVS b`O\aWbW]\ [SbOZ ]fWRS a^]ba QO\ T]`[ eSZZa( eVS`S bVS b`O\aWbW]\ [SbOZ ]fWRS Wa

Z]QObSR W\ `SQSaaSa ]T bVS eSZZa( O\R bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` Q]\abWbcbSa O U`WR P]Rg ]T

eSZZa* @\ bVWa QOaS( bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` QO\ PS VWUVS` bVO\ bVS b`O\aWbW]\ [SbOZ ]fWRS

ZOgS (̀ ]` PS Oa VWUV Oa bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS *̀

[00113] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS eOTS` Wa O aWZWQ]\ eOTS (̀30 



.1

bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` VOa O bVWQY\Saa `O\UW\U T`][ 0, \[ b] 2, \[( ^`STS`OPZg 1, \[(

bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` VOa O bVWQY\Saa `O\UW\U T`][ 1 \[ b] -1\[( O\R bVS TW`ab aWZWQ]\

]fWRS ZOgS` VOa O bVWQY\Saa `O\UW\U T`][ 4, \[ b] -,, \[( ^`STS`OPZg 5, \[*

[00114] IV`]cUV aW[cZObW]\ QOZQcZObW]\( 8^^ZWQO\ba T]c\R bVOb( bVS QVW^ [Ob`Wf VOa O VWUVS`

`STZSQbWdWbg T]` ZWUVb S[WbbSR Pg bVS aS_cS\QSa b] PS aS_cS\QSR( Sa^SQWOZZg ZWUVb S[WbbSR Pg bVS5 

;D9a( eVS\ bVS eOTS` Wa O aWZWQ]\ eOTS`( O\R W\ bVS QVW^ [Ob`Wf T]`[SR eWbV bVS eSZZ ab`cQbc`Sa(

bVS bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` Wa T`][ 0, \[ b] 2, \[( ^`STS`OPZg 1,\[( bVS

bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa T`][ 1 \[ b] -1 \[( O\R bVS bVWQY\Saa ]T bVS

TW`ab aWZWQ]\ ]fWRS ZOgS` Wa 4, \[ b] -,, \[( ^`STS`OPZg 5, \[* IVca( bVS ZWUVb aWU\OZ S[WbbSR Pg

bVS aS_cS\QSa b] PS aS_cS\QSR( Sa^SQWOZZg Pg bVS ;D9a( QO\ PS QO^bc`SR Pg bVS aWU\OZ RSbSQbW]\10 

RSdWQS Oa [cQV Oa ^]aaWPZS( eVWQV W\RW`SQbZg S\VO\QSa bVS aWU\OZ ab`S\UbV ]T bVS aS_cS\QSa b]

PS aS_cS\QSR( Sa^SQWOZZg bVS ;D9a( bVS`SPg W\Q`SOaW\U bVS aWU\OZ)b])\]WaS `ObW]( O\R

aWU\WTWQO\bZg W[^`]dW\U bVS ^S`T]`[O\QS ]T bVS TW\OZZg ]PbOW\SR aS_cS\QW\U QVW^*

[00115] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS eOTS` Wa O _cO`bh eOTS (̀

bVS bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` Wa -,, \[ b] .,, \[( bVS bVWQY\Saa ]T bVS15 

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa -, \[ b] ., \[( O\R bVS bVWQY\Saa ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS`

Wa 4, \[ b] -,, \[( ^`STS`OPZg 5, \[* IV`]cUV aW[cZObW]\ QOZQcZObW]\( 8^^ZWQO\ba T]c\R bVOb

bVS QVW^ [Ob`Wf VOa O VWUVS` `STZSQbWdWbg T]` ZWUVb S[WbbSR Pg bVS aS_cS\QSa b] PS aS_cS\QSR(

Sa^SQWOZZg Pg bVS ;D9a( eVS\ bVS eOTS` Wa O _cO`bh eOTS`( O\R W\ bVS QVW^ [Ob`Wf T]`[SR eWbV

bVS eSZZ ab`cQbc`Sa( bVS bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` Wa -,, \[ b] .,, \[( bVS20 

bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa -, \[ b] ., \[( O\R bVS bVWQY\Saa ]T bVS TW`ab

aWZWQ]\ ]fWRS ZOgS` Wa 4, \[ b] -,, \[( ^`STS`OPZg 5, \[* IVca( bVS ZWUVb aWU\OZ S[WbbSR Pg bVS

aS_cS\QSa b] PS aS_cS\QSR( Sa^SQWOZZg Pg bVS ;D9a( QO\ PS QO^bc`SR Pg bVS aWU\OZ RSbSQbW]\

RSdWQS Oa [cQV Oa ^]aaWPZS( eVWQV W\RW`SQbZg S\VO\QSa bVS aWU\OZ ab`S\UbV ]T bVS aS_cS\QSa b]

PS aS_cS\QSR( Sa^SQWOZZg bVS ;D9a( bVS`SPg W\Q`SOaW\U bVS aWU\OZ)b])\]WaS `ObW] O\R25 

aWU\WTWQO\bZg W[^`]dW\U bVS ^S`T]`[O\QS ]T bVS TW\OZZg ]PbOW\SR aS_cS\QW\U QVW^* C]`S]dS`(

eVS\ bVS bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` Wa -,, \[ b] .,, \[( Wb \]b ]\Zg S\ac`Sa

bVOb bVS eSZZ ab`cQbc`Sa W\ bVS TW\OZZg T]`[SR aS_cS\QW\U QVW^ VOdS O\ O^^`]^`WObS RS^bV b] Z]OR

bVS aS_cS\QSa b] PS aS_cS\QSR( Sa^SQWOZZg bVS ;D9a( Pcb OZa] S\OPZSa bVS QO[S`O b] Q]ZZSQb

TZc]`SaQS\QS aWU\OZa eWbV O `SZObWdSZg VWUVS` W\bS\aWbg*30 
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[00116] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( O[W\] U`]c^a O`S Tc`bVS`

Q]\\SQbSR b] bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Z]QObSR Ob bVS `SQSaaSa ]T bVS eSZZa ]T bVS aSQ]\R

aWZWQ]\ ]fWRS ZOgS` ]` b] bVS b`O\aWbW]\ [SbOZ ]fWRS a^]ba* 8^^ZWQO\ba T]c\R bVOb O[W\ObW]\ ]T

b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZSa QO\ Tc`bVS` W[^`]dS bVS ORa]`^bW]\ a^SQWTWQWbg ]T bVS ac`TOQS

Tc\QbW]\OZ `SUW]\ ]T bVS QVW^ [Ob`Wf T]` bVS aS_cS\QSa b] PS aS_cS\QSR* IVS`ST]`S( bVS ac`TOQS5 

]T bVS Tc\QbW]\OZ `SUW]\ ]T bVS QVW^ [Ob`Wf QO\ a^SQWTWQOZZg ORa]`P bVS aS_cS\QSa b] PS aS_cS\QSR

Pg ORXcabW\U bVS ^? O\R bVS ac`TOQbO\b Q][^]aWbW]\ ]T bVS aS_cS\QSa b] PS aS_cS\QSR*

[00117] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( ^]ZgSbVgZS\S UZgQ]Z Wa

Q]\\SQbSR b] bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS *̀ 8a O `SacZb( bVS \]\)a^SQWTWQ ORa]`^bW]\ ]T bVS \]\)

Tc\QbW]\OZ `SUW]\ ]T bVS QVW^ ac`TOQS T]` bVS ;D9a Wa Tc`bVS` `SRcQSR*10 

[00118] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS O[W\] U`]c^a O`S P]\RSR

b] Ob ZSOab O ^O`b ]T bVS b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZSa W\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS`

bV`]cUV QVS[WQOZ P]\Ra* IVS #QVS[WQOZ P]\Ra# `STS` b] b`O\aWbW]\ [SbOZ)E)F P]\Ra &acQV Oa N`)

E)F P]\R( IW)E)F P]\R( IO)E)F P]\R'* 8a O `SacZb( bVS O[W\] U`]c^a O\R bVS b`O\aWbW]\ [SbOZ

]fWRS O`S QZ]aSZg P]\RSR b]USbVS *̀15 

[00119] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS QVS[WQOZ P]\Ra O`S

T]`[SR Pg Q]\\SQbW\U bVS b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZSa eWbV ^V]a^VObS U`]c^a ]T

O[W\]^V]a^V]\WQ OQWR)POaSR Q][^]c\Ra* 8^^ZWQO\ba O^^ZWSR bVS TOQb bVOb bVS ^V]a^V]\WQ OQWR

U`]c^ R]Sa \]b `SOQb eWbV bVS aWZWQ]\ ]fWRS ZOgS` Pcb `SOQba a^SQWTWQOZZg eWbV bVS b`O\aWbW]\ [SbOZ

]fWRS []ZSQcZSa( O\R bVS O[W\]^V]a^V]\WQ OQWR)POaSR Q][^]c\Ra QO\ a^SQWTWQOZZg W\b`]RcQS20 

bVS O[W\] U`]c^a ]\b] bVS b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZSa*

[00120] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^]ZgSbVgZS\S UZgQ]Z Wa

^`]dWRSR Pg Ob ZSOab ]\S aSZSQbSR T`][ ^]ZgSbVgZS\SW[W\S)^]ZgSbVgZS\S UZgQ]Z O\R O aWZO\S

Q]c^ZW\U OUS\b Q]\bOW\W\U ^]ZgSbVgZS\S UZgQ]Z* 8a O `SacZb( bVS \]\)a^SQWTWQ ORa]`^bW]\ ]T bVS

ac`TOQS \]\)Tc\QbW]\OZ `SUW]\ ]T bVS QVW^ [Ob`Wf T]` bVS ;D9a Wa Tc`bVS` `SRcQSR*25 

[00121] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^]ZgSbVgZS\S UZgQ]Z Wa

^`]dWRSR Pg ^]ZgSbVgZS\SW[W\S)^]ZgSbVgZS\S UZgQ]Z( O\R bVS ^]ZgSbVgZS\SW[W\S)^]ZgSbVgZS\S

UZgQ]Z Wa SZSQb`]abObWQOZZg ORa]`PSR ]\ O ac`TOQS ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS` ]` O ac`TOQS ]T

bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS *̀

[00122] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^]ZgSbVgZS\S UZgQ]Z Wa30 
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^`]dWRSR Pg bVS aWZO\S Q]c^ZW\U OUS\b Q]\bOW\W\U ^]ZgSbVgZS\S UZgQ]Z( O\R bVS aWZO\S Q]c^ZW\U

OUS\b Q]\bOW\W\U ^]ZgSbVgZS\S UZgQ]Z Wa Q]\\SQbSR b] bVS TW`ab aWZWQ]\ ]fWRS ZOgS` ]` bVS aSQ]\R

aWZWQ]\ ]fWRS ZOgS` bV`]cUV O )HW)E)HW) QVOW\*

[00123] @b aV]cZR PS \]bSR bVOb bVS [ObS`WOZ ]T bVS eOTS` OQQ]`RW\U b] bVS S[P]RW[S\ba ]T

bVS ^`SaS\b RWaQZ]ac`S Wa \]b ZW[WbSR* 8QQ]`RW\U b] O a^SQWTWQ S[P]RW[S\b ]T bVS ^`SaS\b5 

RWaQZ]ac`S( bVS eOTS` W\QZcRSa Ob ZSOab ]\S aSZSQbSR T`][ O aWZWQ]\ eOTS (̀ O _cO`bh eOTS (̀ O UZOaa

eOTS`( O\R O :CEH eOTS *̀

[00124] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS b`O\aWbW]\ [SbOZ ]fWRS

W\QZcRSa Ob ZSOab ]\S aSZSQbSR T`][ bWbO\Wc[ RW]fWRS( hW`Q]\Wc[ RW]fWRS( bO\bOZc[ ^S\b]fWRS(

\W]PWc[ VSfO]fWRS( O\R VOT\Wc[ RW]fWRS*10 

[00125] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS b`O\aWbW]\ [SbOZ ]fWRS

W\QZcRSa Ob ZSOab ]\S aSZSQbSR T`][ bWbO\Wc[ RW]fWRS( hW`Q]\Wc[ RW]fWRS( O\R bO\bOZc[ ^S\b]fWRS*

BMX\MUKQUO KPQW

[00126] @\ O aSQ]\R Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^`SaS\b RWaQZ]ac`S ^`]dWRSa O

aS_cS\QW\U QVW^* 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS aS_cS\QW\U QVW^15 

W\QZcRSa O QVW^ P]Rg( bVS QVW^ P]Rg W\QZcRSa O ^Zc`OZWbg ]T QVW^ c\Wba( O\R bVS QVW^ c\Wba O`S

]PbOW\SR Pg QcbbW\U bVS OT]`S[S\bW]\SR QVW^ [Ob`Wf OZ]\U bVS QcbbW\U ZW\S ]T bVS eOTS` ZOgS *̀

8^^ZWQO\ba T]c\R bVOb bVS aSZSQbWdS ORa]`^bW]\ ]T bVS aS_cS\QSa b] PS aS_cS\QSR ]\ bVS b`O\aWbW]\

[SbOZ ]fWRS ZOgS` QO\ PS OQVWSdSR ]\Zg Pg QVO\UW\U bVS ^? O\R ac`TOQbO\b Q][^]aWbW]\ ]T bVS

a]ZcbW]\ Q]\bOW\W\U bVS aS_cS\QSa b] PS aS_cS\QSR* IVS aS_cS\QW\U QVW^ OQQ]`RW\U b] bVS20 

S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S Wa []`S abOPZS O\R bVS aS_cS\QW\U `SacZba bVS`S]T O`S

[]`S `SZWOPZS( eVWQV QO\ aWU\WTWQO\bZg W[^`]dS bVS RObO ]cb^cb STTWQWS\Qg ]T bVS aS_cS\QW\U QVW^(

bVS`SPg W\Q`SOaW\U bVS ]cb^cb ]T bVS aS_cS\QW\U QVW^ O\R aWU\WTWQO\bZg `SRcQW\U bVS aS_cS\QW\U

Q]ab*

[00127] IVS ab`cQbc`S ]T bVS aS_cS\QW\U QVW^ OQQ]`RW\U b] bVS S[P]RW[S\b ]T bVS ^`SaS\b25 

RWaQZ]ac`S [Og \]b `S_cW`S O ac`TOQS []\][]ZSQcZO` ZOgS (̀ ]` [Og PS acPXSQbSR b] ac`TOQS

[]RWTWQObW]\ OTbS` bVS QVW^ ^`S^O`ObW]\ ^`]QSaa Wa Q][^ZSbSR* IVS`ST]`S( bVS aS_cS\QW\U QVW^ ]T

bVS ^`SaS\b RWaQZ]ac`S VOa bVS QVO`OQbS`WabWQa ]T abOPZS ^`]^S`bWSa( O\R bVca Wb QO\ eWbVabO\R

^VgaWQOZ Q]\bOQb acQV Oa aQ`ObQVSa eWbV]cb OTTSQbW\U bVS ^S`T]`[O\QS ]T bVS aS_cS\QW\U QVW^(

O\R Wb QO\ b]ZS`ObS VWUV bS[^S`Obc`S O\R QVS[WQOZ `SOUS\b Q]``]aW]\* 8a O `SacZb( bVS QVW^ QO\30 
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eWbVabO\R []`S ab`W\US\b( Pcb []`S STTWQWS\b ^`]QSaaW\U O\R OaaS[PZg ^`]QSaaSa( O\R Wa ZSaa

ZWYSZg b] PS RO[OUSR Rc`W\U ^OQYOUW\U( b`O\a^]`bObW]\ O\R ^`S^O`ObW]\a ^`W]` b] caS* IVS`ST]`S(

bVS ^`]RcQbW]\ gWSZR ]T bVS aS_cS\QW\U QVW^ Wa W[^`]dSR( O\R bVS RObO ]cb^cb STTWQWS\Qg ]T bVS

aS_cS\QW\U QVW^ Wa W\Q`SOaSR( bVS`SPg `SRcQW\U bVS Q]ab*

<M[PVL NVY TIU\NIK[\YQUO [PM KPQW TI[YQ_5 

[00128] @\ O bVW`R Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^`SaS\b RWaQZ]ac`S ^`]dWRSa O [SbV]R

T]` [O\cTOQbc`W\U bVS QVW^ [Ob`Wf* 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS

[SbV]R W\QZcRSa6 ^S`T]`[W\U O ac`TOQS []RWTWQObW]\ ]\ bVS eOTS` ZOgS *̀ IVS ac`TOQS

[]RWTWQObW]\ W\QZcRSa b`SObW\U O ac`TOQS ]T bVS eOTS` ZOgS` eWbV O b`O\aWbW]\ [SbOZ ]fWRS b] T]`[

O b`O\aWbW]\ [SbOZ ]fWRS ZOgS (̀ eVS`S bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa T]`[SR ]\ O\ c^^S`10 

ac`TOQS ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS`( bVS TW`ab aWZWQ]\ ]fWRS ZOgS` Wa ^`]dWRSR ]\ bVS c^^S`

ac`TOQS ]T bVS eOTS` ZOgS (̀ O\R bVS aWZWQ]\ ]fWRS ZOgS` Wa [ORS ]T aWZWQ]\ ]fWRS( O\R bVS eOTS`

ZOgS` VOa QcbbW\U ZW\Sa SdS\Zg RWab`WPcbSR ]\ bVS eOTS` ZOgS *̀ IVS [SbV]R OQQ]`RW\U b] bVS

S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S Wa aW[^ZS b] ]^S`ObS O\R S\dW`]\[S\bOZZg T`WS\RZg*

[00129] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS TW`ab aWZWQ]\ ]fWRS ZOgS`15 

Wa T]`[SR W\ ORdO\QS ]\ bVS c^^S` ac`TOQS ]T bVS eOTS` ZOgS` Pg Z]e)bS[^S`Obc`S ^ZOa[O

QVS[WQOZ dO^]` RS^]aWbW]\( ^ZOa[O S\VO\QSR QVS[WQOZ dO^]` RS^]aWbW]\( a^cbbS`W\U( ]` Ob][WQ

ZOgS` RS^]aWbW]\* @b aV]cZR PS \]bSR bVOb bVS [SbV]R ]T T]`[W\U bVS TW`ab aWZWQ]\ ]fWRS ZOgS` ]\

bVS eOTS` ac`TOQS Wa \]b ZW[WbSR( O\R QO\ PS ^S`T]`[SR eWbV Q]\dS\bW]\OZ aS[WQ]\RcQb]` ^`]QSaa

bSQV\W_cSa( acQV Oa Z]e)bS[^S`Obc`S ^ZOa[O QVS[WQOZ dO^]` RS^]aWbW]\( ^ZOa[O S\VO\QSR20 

QVS[WQOZ dO^]` RS^]aWbW]\( a^cbbS`W\U( Ob][WQ ZOgS` RS^]aWbW]\( SbQ*

[00130] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ac`TOQS []RWTWQObW]\ ]T

bVS eOTS` ZOgS` Wa OQVWSdSR Pg bVW\ TWZ[ RS^]aWbW]\( ^V]b]ZWbV]U`O^Vg ]` SbQVW\U b] T]`[ O

Q]\bW\c]ca b`O\aWbW]\ [SbOZ ]fWRS ZOgS` ]` O b`O\aWbW]\ [SbOZ ]fWRS ZOgS` W\ T]`[ ]T a^]ba*

8QQ]`RW\U b] O a^SQWTWQ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( O ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS25 

ZOgS` Wa T]`[SR ]\ bVS c^^S` ac`TOQS ]T bVS aWZWQ]\ ]fWRS ZOgS *̀ IVS b`O\aWbW]\ [SbOZ ]fWRS QO\

PS bWbO\Wc[ RW]fWRS( hW`Q]\Wc[ RW]fWRS( bO\bOZc[ ^S\b]fWRS( \W]PWc[ VSfO]fWRS( VOT\Wc[

RW]fWRS( ]` O\g Q][PW\ObW]\a bVS`S]T* IVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa RWaQ`SbSZg RWab`WPcbSR

]\ bVS aWZWQ]\ ]fWRS ZOgS (̀ O\R T]`[a O a^SQWTWQ O``Og ^ObbS`\ &W*S*( O\ O``Og ]T b`O\aWbW]\ [SbOZ

]fWRS a^]ba O\R a^SQWOZZg RSaWU\SR U`O^VWQa ]` ZW\Sa( T]` QOZWP`ObW]\ ]T ]^bWQOZ aS_cS\QW\U W\ bVS30 
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ZObS` abOUS'( O\R VOa bVS aO[S ^ObbS`\ O``O\US[S\b ]\ SOQV W\RWdWRcOZ QVW^* IVWa ^ObbS`\SR ZOgS`

QO\ PS `SOZWhSR Pg Q]\dS\bW]\OZ aS[WQ]\RcQb]` ^`]QSaa bSQV\W_cS( acQV Oa bVW\ TWZ[ RS^]aWbW]\(

^V]b]ZWbV]U`O^Vg( O\R SbQVW\U ^`]QSaaSa* IVOb Wa( O b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa TW`ab T]`[SR

]\ bVS aWZWQ]\ ]fWRS ZOgS` b] Q]dS` bVS S\bW`S eOTS` Pg a^cbbS`W\U( SZSQb`]\ PSO[ SdO^]`ObW]\(

bVS`[OZ SdO^]`ObW]\ Ob][WQ ZOgS` RS^]aWbW]\ ]` ]bVS` bVW\ TWZ[ RS^]aWbW]\ bSQV\W_cSa( bVS\ O5 

VO`R [OaY [ObS`WOZ ZOgS` Q]``Sa^]\RW\U b] bVS RSaW`SR ^ObbS`\SR ZOgS` Wa T]`[SR ]\ bVS [SbOZ

]fWRS ZOgS` bV`]cUV bVW\ TWZ[ RS^]aWbW]\( ^V]b]ZWbV]U`O^Vg( O\R SbQVW\U( O\R TW\OZZg bVS ^ObbS`\

]T bVS VO`R [OaY [ObS`WOZ ZOgS` Wa `S)SbQVSR ]\b] bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` bV`]cUV O\

SbQVW\U ^`]QSaa b] T]`[ O ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS ZOgS (̀ W*S*( bVS RWaQ`SbSZg O``O\USR

b`O\aWbW]\ [SbOZ ]fWRS Wa O``O\USR Oa ]`RS`Zg O``O\USR #a^]ba# ]\ bVS aWZWQ]\ ]fWRS ZOgS (̀ O\R bVS10 

`SUW]\ eWbV]cb bVS b`O\aWbW]\ [SbOZ ]fWRS #a^]ba# Sf^]aSa bVS aWZWQ]\ ]fWRS ZOgS *̀ IVS aWhS ]T O

#a^]b#)ZWYS b`O\aWbW]\ [SbOZ ]fWRS `SUW]\ Wa bVS aO[S Oa ]` aZWUVbZg a[OZZS` bVO\ bVS aWhS ]T bVS

;D9( a] bVOb ]\S #a^]b# ORa]`Pa ]\Zg ]\S ;D9*

[00131] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` Wa O Q]\bW\c]ca ZOgS` ab`cQbc`S( O\R bVS [SbV]R Tc`bVS` W\QZcRSa T]`[W\U O aSQ]\R aWZWQ]\15 

]fWRS ZOgS` T`][ aWZWQ]\ ]fWRS ]\ bVS c^^S` ac`TOQS ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS`* IVS

aSQ]\R aWZWQ]\ ]fWRS ZOgS` Wa O``O\USR W\ T]`[ ]T Q]\bW\c]ca eSZZa* HOWR T]`[W\U Wa [OW\Zg

OQVWSdSR Pg Ob][WQ ZOgS` RS^]aWbW]\* 8QQ]`RW\U b] O a^SQWTWQ S[P]RW[S\b ]T bVS ^`SaS\b

RWaQZ]ac`S( O TW`ab aWZWQ]\ ]fWRS ZOgS` Wa TW`ab T]`[SR ]\ bVS eOTS`( bVS\ ]\S b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` Wa T]`[SR ]\ bVS TW`ab aWZWQ]\ ]fWRS ZOgS`( O\R bVS\ O\ O``Og ]T RWaQ`SbSZg O``O\USR #eSZZ#20 

ab`cQbc`Sa Wa T]`[SR ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` bV`]cUV ^V]b]ZWbV]U`O^Vg O\R SbQVW\U

bSQV\W_cSa Y\]e\ W\ bVS Q]\dS\bW]\OZ aS[WQ]\RcQb]` ^`]QSaa* IVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS`

Wa Sf^]aSR Ob O P]bb][ ]T bVS #eSZZ# ab`cQbc`S( O\R bVS ^S`W^VS`g ]T bVS #eSZZ# ab`cQbc`S Wa bVS

aWZWQ]\ ]fWRS ZOgS` VWUVS` bVO\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS *̀ IVS aWhS ]T bVS #eSZZ# Wa bVS

aO[S Oa ]` aZWUVbZg a[OZZS` bVO\ O aWhS ]T O ;D9( a] bVOb SOQV #eSZZ# ab`cQbc`S ]\Zg P]\Ra b]25 

]\S ;D9*

[00132] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` Wa O``O\USR W\ T]`[ ]T a^]ba( O\R bVS [SbV]R Tc`bVS` W\QZcRSa RS^]aWbW\U aWZWQ]\ ]fWRS

PSbeSS\ bVS a^]ba ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` b] T]`[ O aSQ]\R aWZWQ]\ ]fWRS ZOgS *̀ HOWR

RS^]aWbW\U Wa [OW\Zg OQVWSdSR Pg Ob][WQ ZOgS` RS^]aWbW]\* 8QQ]`RW\U b] O a^SQWTWQ S[P]RW[S\b30 



/,

]T bVS ^`SaS\b RWaQZ]ac`S( O TW`ab aWZWQ]\ ]fWRS ZOgS` Wa T]`[SR ]\ bVS eOTS` TW`ab( O\R bVS\ O\

O``Og ]T RWaQ`SbSZg O``O\USR #eSZZ# ab`cQbc`Sa Wa T]`[SR ]\ bVS aWZWQ]\ ]fWRS ZOgS` Pg

^V]b]ZWbV]U`O^Vg O\R SbQVW\U bSQV\W_cSa W\ bVS Q]\dS\bW]\OZ aS[WQ]\RcQb]` ^`]QSaa* IVS

P]bb][ ]T bVS ieSZZj ab`cQbc`S Wa bVS Sf^]aSR b`O\aWbW]\ [SbOZ ]fWRS ZOgS`( bVS ^S`W^VS`g ]T bVS

aWZWQ]\ ]fWRS ZOgS` ieSZZj ab`cQbc`S Wa VWUVS` bVO\ ]` Oa VWUV Oa bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS *̀5 

IVS aWhS ]T bVS ieSZZj Wa bVS aO[S Oa ]` aZWUVbZg a[OZZS` bVO\ bVS aWhS ]T bVS ;D9( a] bVOb SOQV

#eSZZ# ab`cQbc`S ]\Zg P]\Ra b] ]\S ;D9*

[00133] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS [SbV]R Tc`bVS` W\QZcRSa

^S`T]`[W\U O\ O[W\ObW]\ b`SOb[S\b ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS* 8a O `SacZb( O[W\] U`]c^a QO\

PS W\b`]RcQSR W\b] bVS Tc\QbW]\OZ `SUW]\ ]T bVS QVW^ [Ob`Wf b] Tc`bVS` W[^`]dS bVS Tc\QbW]\OZ10 

`SUW]\ka QO^OPWZWbg ]T aSZSQbWdSZg ORa]`PW\U bVS aS_cS\QSa b] PS aS_cS\QSR( Sa^SQWOZZg bVS ;D9a*

[00134] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS O[W\ObW]\ b`SOb[S\b Wa

OQVWSdSR Pg `SOQbW\U bVS b`O\aWbW]\ [SbOZ ]fWRS eWbV O\ O[W\]^V]a^V]\WQ OQWR)POaSR Q][^]c\R*

8a O `SacZb( bVS O[W\]^V]a^V]\WQ OQWR)POaSR Q][^]c\R O\R bVS b`O\aWbW]\ [SbOZ ]fWRS QO\ T]`[

O b`O\aWbW]\ [SbOZ)E)F P]\R &acQV Oa O N`)E)F P]\R( O IW)E)F P]\R( O\R O IO)E)F P]\R'*15 

=c`bVS`[]`S( O[W\] U`]c^a QO\ PS W\b`]RcQSR b] bVS Tc\QbW]\OZ `SUW]\ ]T bVS QVW^ [Ob`Wf b]

Tc`bVS` W[^`]dS bVS Tc\QbW]\OZ `SUW]\ka QO^OPWZWbg ]T aSZSQbWdSZg ORa]`PW\U bVS aS_cS\QSa b] PS

aS_cS\QSR( Sa^SQWOZZg bVS ;D9a*

[00135] 8QQ]`RW\U b] bVS S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS [SbV]R Tc`bVS` W\QZcRSa

^S`T]`[W\U O ac`TOQS []RWTWQObW]\ ]\ bVS TW`ab aWZWQ]\ ]fWRS ZOgS` ]` bVS aSQ]\R aWZWQ]\ ]fWRS20 

ZOgS` b] b] W\b`]RcQS ^]ZgSbVgZS\S UZgQ]Z b] bVS TW`ab aWZWQ]\ ]fWRS ZOgS` ]` bVS aSQ]\R aWZWQ]\

]fWRS ZOgS *̀ 8a O `SacZb( bVS ORa]`^bW]\ QO^OPWZWbg ]T bVS \]\)Tc\QbW]\OZ `SUW]\ ]T bVS QVW^ [Ob`Wf

T]` bVS aS_cS\QSa b] PS aS_cS\QSR( Sa^SQWOZZg bVS ;D9a( QO\ PS Tc`bVS` `SRcQSR*

[00136] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^]ZgSbVgZS\S UZgQ]Z Wa

^`]dWRSR Pg Ob ZSOab ]\S aSZSQbSR T`][ ^]ZgSbVgZS\SW[W\S)^]ZgSbVgZS\S UZgQ]Z O\R O aWZO\S25 

Q]c^ZW\U OUS\b Q]\bOW\W\U ^]ZgSbVgZS\S UZgQ]Z*

[00137] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^]ZgSbVgZS\S UZgQ]Z Wa

^`]dWRSR Pg ^]ZgSbVgZS\SW[W\S)^]ZgSbVgZS\S UZgQ]Z( O\R bVS ac`TOQS []RWTWQObW]\ Wa ^S`T]`[SR

Pg SZSQb`]abObWQ ORa]`^bW]\ ]T ^]ZgSbVgZS\SW[W\S)^]ZgSbVgZS\S UZgQ]Z ]\ bVS ac`TOQS ]T bVS TW`ab

aWZWQ]\ ]fWRS ZOgS` ]` bVS ac`TOQS ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS *̀ IVca( ^]ZgSbVgZS\S UZgQ]Z30 



/-

QO\ PS W\b`]RcQSR W\b] bVS \]\)Tc\QbW]\OZ `SUW]\ ]T bVS QVW^ [Ob`Wf*

[00138] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^]ZgSbVgZS\S UZgQ]Z Wa

^`]dWRSR Pg bVS aWZO\S Q]c^ZW\U OUS\b Q]\bOW\W\U ^]ZgSbVgZS\S UZgQ]Z( O\R bVS ac`TOQS

[]RWTWQObW]\ Wa ^S`T]`[SR Pg Q]\RS\aObW]\ `SOQbW]\ ]T bVS aWZO\S Q]c^ZW\U OUS\b Q]\bOW\W\U

^]ZgSbVgZS\S UZgQ]Z eWbV VgR`]fgZ U`]c^a ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS` ]` bVS aSQ]\R aWZWQ]\5 

]fWRS ZOgS`( O\R bVS VgR`]fgZ U`]c^a O`S ^`]dWRSR Pg HW)E? US\S`ObSR OTbS` bVS W]\WhSR TW`ab ]`

aSQ]\R aWZWQ]\ ]fWRS ZOgS` ORa]`Pa VgR`]fWRS W]\a W\ bVS eObS *̀ IVca( ^]ZgSbVgZS\S UZgQ]Z QO\

PS W\b`]RcQSR W\b] bVS \]\)Tc\QbW]\OZ `SUW]\ ]T bVS QVW^ [Ob`Wf*

<M[PVL NVY TIU\NIK[\YQUO ZMX\MUKQUO KPQW

[00139] @\ O T]c`bV Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^`SaS\b RWaQZ]ac`S ^`]dWRSa O [SbV]R10 

T]` [O\cTOQbc`W\U O aS_cS\QW\U QVW^* 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S(

bVS [SbV]R W\QZcRSa6 OaaS[PZW\U O QVW^ c\Wb* IVS QVW^ c\Wb Wa ]PbOW\SR Pg QcbbW\U bVS QVW^ [Ob`Wf

OZ]\U bVS QcbbW\U ZW\Sa ]T bVS eOTS` ZOgS (̀ O\R bVS QVW^ [Ob`Wf Wa Oa RSTW\SR Oa OP]dS ]` ]PbOW\SR

Pg bVS [SbV]R RSaQ`WPSR Oa OP]dS* IVS [SbV]R OQQ]`RW\U b] bVS S[P]RW[S\b ]T bVS ^`SaS\b

RWaQZ]ac`S Wa aW[^ZS b] ]^S`ObS( O\R VOa O VWUV gWSZR ]T bVS ^`S^O`SR aS_cS\QW\U QVW^*15 

[00140] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS QcbbW\U Wa `SOZWhSR Pg O

aS[WQ]\RcQb]` eOTS` RWQW\U [SbV]R*

[00141] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( aOWR OaaS[PZW\U W\QZcRSa6

^ZOQW\U bVS QVW^ c\Wb W\ O ac^^]`bW\U T`O[S Q]\bOW\W\U O ZW_cWR W\ZSb O\R ]cbZSb( O\R P]\RW\U bVS

QVW^ c\Wb b] bVS ac^^]`bW\U T`O[S eWbV O UZcS ]` ORVSaWdS( eWbV O TZcWR QVO\\SZ PSW\U T]`[SR20 

PSbeSS\ bVS T`O[S O\R bVS QVW^ c\Wb*

[00142] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS eOTS` Wa O aWZWQ]\ eOTS (̀

O\R bVS OaaS[PZW\U W\QZcRSa6 P]\RW\U bVS QVW^ c\Wb b] bVS ac^^]`bW\U T`O[S( eWbV O\ c^^S`

ac`TOQS bVS QVW^ c\Wb TOQW\U c^eO`R( O\R ^ZOQW\U O Q]dS` UZOaa ]\ bVS c^^S` ac`TOQS ]T bVS QVW^

c\Wb b] ]PbOW\ bVS aS_cS\QW\U QVW^*25 

[00143] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS eOTS` Wa O _cO`bh eOTS`

]` O UZOaa eOTS`( O\R aOWR OaaS[PZW\U W\QZcRSa6 ObbOQVW\U bVS QVW^ c\Wb b] bVS ac^^]`bW\U T`O[S(

eWbV O Z]eS` ac`TOQS ]T bVS QVW^ c\Wb TOQW\U c^eO`R( b] ]PbOW\ bVS aS_cS\QW\U QVW^*

[00144] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS eOTS` Wa O :CEH eOTS`(

O\R aOWR OaaS[PZW\U W\QZcRSa6 P]\RW\U O Z]eS` ac`TOQS ]T bVS QVW^ c\Wb b] O acPab`ObS &W*S*( O30 



/.

^V]b]aS\aWbWdS SZS[S\b'* IVS QVW^ c\Wb Wa Q]\\SQbSR b] bVS acPab`ObS Pg O ZSOR( O\R bVS ZSOR Wa

Q]\TWUc`SR b] b`O\a[Wb O\ SZSQb`WQOZ aWU\OZ ]\ bVS QVW^ c\Wb b] bVS acPab`ObS*

[00145] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS acPab`ObS Wa W\ T]`[ ]T(

Pcb \]b ZW[WbSR b]( B>8( :B::( FB::( ]` bVS ZWYS*

[00146] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( O [SbOZ eW`S caSR T]` bVS5 

eW`S P]\RW\U W\QZcRSa( Pcb Wa \]b ZW[WbSR b]( U]ZR eW`S( OZc[W\c[ eW`S( O\R bVS ZWYS*

BMX\MUKQUO TM[PVL

[00147] @\ O TWTbV Oa^SQb ]T bVS ^`SaS\b RWaQZ]ac`S( bVS ^`SaS\b RWaQZ]ac`S ^`]dWRSa O

aS_cS\QW\U [SbV]R* 8QQ]`RW\U b] bVS S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S( bVS [SbV]R

W\QZcRSa6 ^S`T]`[W\U aS_cS\QW\U caW\U O aS_cS\QW\U QVW^* IVS aS_cS\QW\U QVW^ Wa RSTW\SR Oa10 

OP]dS ]` ^`S^O`SR Pg bVS [SbV]R RSaQ`WPSR OP]dS* 8QQ]`RW\U b] bVS [SbV]R ]T bVS S[P]RW[S\b

]T bVS ^`SaS\b RWaQZ]ac`S( bVS aS_cS\QW\U VOa O []`S OQQc`ObS `SacZb O\R O Z]eS` Q]ab*

[00148] 8QQ]`RW\U b] O\ S[P]RW[S\b ]T bVS ^`SaS\b RWaQZ]ac`S( bVS b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` ]T bVS aS_cS\QW\U QVW^ Wa ^`S)TWfSR eWbV ;D9a* 8 ;D9 aO[^ZS QO\ PS Q]\aWRS`SR Oa O

^]W\b ZWUVb a]c`QS( O\R bVS ZWUVb S[WbbSR Pg bVS ;D9 aO[^ZS QO\ PS Q]ZZSQbSR Pg O QO[S`O ]`15 

:CEH W[OUS aS\a]`( O\R bVS\ aS_cS\QSR*

[00149] IVS S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S O`S RSaQ`WPSR W\ RSbOWZ PSZ]e*

[00150] 5_ITWSM '0 <M[PVL NVY TIU\NIK[\YQUO I ZMX\MUKQUO KPQW PI]QUO #ZWV[#$

Z[Y\K[\YML [YIUZQ[QVU TM[IS V_QLM VU I ZQSQKVU VY X\IY[a ^INMY

[00151] GSTS``W\U b] =@>H* -)1( bVS ^`SaS\b S[P]RW[S\b ^`]dWRSa O [SbV]R T]`20 

[O\cTOQbc`W\U O aS_cS\QW\U QVW^ VOdW\U #a^]b#)ab`cQbc`SR b`O\aWbW]\ [SbOZ ]fWRS ]\ O aWZWQ]\

]` _cO`bh eOTS`( O\R WZZcab`ObSa Q`]aa)aSQbW]\OZ dWSea ]T `Sa^SQbWdS ^`]QSaaSa ]T bVS [SbV]R* IVWa

[SbV]R QO\ PS ^S`T]`[SR ]\ O PO`S eOTS` eWbV]cb `S_cW`W\U O\g W\bS`\OZ QW`QcWb ]` ab`cQbc`S*

IVSaS TWUc`Sa ]T bVS ^`SaS\b RWaQZ]ac`S [S`SZg WZZcab`ObS be] `SUW]\a -- O\R -. ]\ bVS eOTS *̀

IV]aS aYWZZSR W\ bVS O`b aV]cZR `SOZWhS bVOb O ^Zc`OZWbg ]T W\RWdWRcOZ QVW^a eWbV bVS aO[S ab`cQbc`S25 

QO\ PS T]`[SR ]\ bVS eOTS` &bVS \c[PS` ]T QVW^a [Og dO`g T`][ bS\a b] bV]caO\Ra RS^S\RW\U

c^]\ bVS eOTS` aWhS O\R QVW^ aWhS'( O\R SOQV QVW^ QO\ Q]\abWbcbS ]\S aS_cS\QW\U QVW^*

[00152] =@>* - Wa O Q`]aa)aSQbW]\OZ dWSe ]T O eOTS` -)-,( eVWQV Wa T]`[SR eWbV O ^ObbS`\SR

ZOgS` Q]\bOW\W\U ;D9)PW\RW\U aWbS `SUW]\a &b`O\aWbW]\ [SbOZ ]fWRS ZOgS (̀ W*S*( Tc\QbW]\OZ `SUW]\a'

O\R ;D9 \]\)PW\RW\U aWbS `SUW]\a &aWZWQ]\ ]fWRS ZOgS`( W*S*( \]\)Tc\QbW]\OZ `SUW]\a' bVOb O`S30 



//

OZbS`\ObSZg ^`SaS\b ]\ O PO`S eOTS *̀ 8 eOTS` acPab`ObS ab`cQbc`S ---( Oa aV]e\ W\ =@>* -( Wa TW`ab

^`]dWRSR( O\R Wb [Og PS [ORS ]T O [ObS`WOZ acQV Oa aWZWQ]\ ]` _cO`bh* ?]eSdS`( bV]aS aYWZZSR W\

bVS O`b aVOZZ O^^`SQWObS bVOb bVS acPab`ObS [ObS`WOZ W\ bVS ^`SaS\b RWaQZ]ac`S Wa \]b ZW[WbSR b]

aWZWQ]\ ]` _cO`bh( O\R O\g ]bVS` acWbOPZS aS[WQ]\RcQb]` eOTS` [ObS`WOZa QO\ OZa] PS caSR W\ bVS

^`SaS\b RWaQZ]ac`S* 8 aWZWQ]\ ]fWRS ZOgS` --. Wa bVS\ T]`[SR ]\ bVS eOTS` ---( O\R bVWa aWZWQ]\5 

]fWRS ZOgS` QO\ PS T]`[SR Pg O Q]\dS\bW]\OZ ^`]QSaa Y\]e\ W\ bVS aS[WQ]\RcQb]` bSQV\]Z]Ug(

acQV Oa Z]e bS[^S`Obc`S ^ZOa[O QVS[WQOZ dO^]` RS^]aWbW]\( ^ZOa[O S\VO\QSR QVS[WQOZ dO^]`

RS^]aWbW]\( a^cbbS`W\U( Ob][WQ ZOgS` RS^]aWbW]\( SbQ* IVS\ O ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` Wa T]`[SR ]\ bVS aWZWQ]\ ]fWRS ZOgS *̀ IVS b`O\aWbW]\ [SbOZ ]fWRS QO\ PS bWbO\Wc[ RW]fWRS(

hW`Q]\Wc[ RW]fWRS( bO\bOZc[ ^S\b]fWRS( \W]PWc[ VSfO]fWRS( VOT\Wc[ RW]fWRS( ]` O\g10 

Q][PW\ObW]\a bVS`S]T* IVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa RWaQ`SbSZg RWab`WPcbSR ]\ bVS aWZWQ]\

]fWRS ZOgS` O\R T]`[a O a^SQWTWQ O``Og ^ObbS`\( O\R bVS ^ObbS`\a ]\ W\RWdWRcOZ QVW^a &S*U*( bVS

W\RWdWRcOZ QVW^a -- O\R -. aV]e\ W\ =@>* -' O`S bVS aO[S* HcQV O ^ObbS`\SR ZOgS` QO\ PS T]`[SR

Pg O Q]\dS\bW]\OZ ^`]QSaa Y\]e\ W\ bVS aS[WQ]\RcQb]` bSQV\]Z]Ug( acQV Oa bVW\ TWZ[ RS^]aWbW]\(

^V]b]ZWbV]U`O^Vg( O\R SbQVW\U ^`]QSaa* IVOb Wa( O b`O\aWbW]\ [SbOZ ]fWRS ZOgS` &\]b aV]e\'15 

Q]dS`W\U bVS S\bW`S eOTS` Wa TW`ab T]`[SR ]\ bVS aWZWQ]\ ]fWRS ZOgS` Pg a^cbbS`W\U( SZSQb`]\ PSO[

SdO^]`ObW]\( bVS`[OZ SdO^]`ObW]\ Ob][WQ ZOgS` RS^]aWbW]\ O\R ]bVS` bVW\ TWZ[ RS^]aWbW]\

bSQV\W_cSa( bVS\ O VO`R [OaY [ObS`WOZ ZOgS` &\]b aV]e\' Q]``Sa^]\RW\U b] bVS `S_cW`SR ^ObbS`\SR

ZOgS` Wa T]`[SR ]\ bVS [SbOZ ]fWRS ZOgS` bV`]cUV bVW\ TWZ[ RS^]aWbW]\( ^V]b]ZWbV]U`O^Vg( O\R

SbQVW\U ^`]QSaaSa( O\R TW\OZZg( O ^ObbS`\ ]T bVS VO`R [OaY ZOgS` Wa `S^`W\bSR ]\b] bVS b`O\aWbW]\20 

[SbOZ ]fWRS ZOgS` bV`]cUV O\ SbQVW\U ^`]QSaa( a] Oa T]`[ bVS ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` VOdW\U bVS ab`cQbc`Sa --/ Oa aV]e\ W\ =@>* -* @\ bVS ^ObbS`\SR ZOgS` `S^`SaS\bSR Pg bVS

ab`cQbc`Sa --/( bVS b`O\aWbW]\ [SbOZ ]fWRS Wa RWaQ`SbSZg RWab`WPcbSR W\ T]`[ ]T #a^]ba# bVOb O`S

]`RS`Zg O``O\USR ]\ bVS aWZWQ]\ ]fWRS ZOgS *̀ IVS aWZWQ]\ ]fWRS ZOgS` Wa Sf^]aSR W\ bVS `SUW]\a

bVOb Wa \]b Q]dS`SR Pg bVS b`O\aWbW]\ [SbOZ ]fWRS #a^]ba#* 8 aWhS ]T bVS #a^]b#)ZWYS b`O\aWbW]\25 

[SbOZ ]fWRS `SUW]\ Wa bVS aO[S Oa ]` aZWUVbZg a[OZZS` bVO\ O aWhS ]T ;D9( bVS`SPg OZZ]eW\U ]\S

#a^]b# b] ORa]`P ]\Zg ]\S ;D9* @b aV]cZR PS O^^`SQWObSR bVOb( W\ ORRWbW]\ b] bVS ^`]QSaa abS^a

T]` T]`[W\U bVS ^ObbS`\SR ZOgS` Oa RSaQ`WPSR VS`SW\( O\g ]bVS` ^`]QSaaSa bVOb QO\ T]`[ bVS

^ObbS`\SR ZOgS` aV]cZR PS W\QZcRSR W\ bVS ^`SaS\b RWaQZ]ac`S* IVS eOTS` -)-, aV]e\ W\ =@>* -

[Og Q]\bOW\ bS\a b] bV]caO\Ra ]T WRS\bWQOZ QVW^a &RS^S\RW\U ]\ bVS eOTS` aWhS O\R QVW^ aWhS'(30 
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and an extremely narrow non-functional spacing is reserved between the chips. This spacing is 

also referred as to a cutting line where the wafer can be cut by the cutting blade into a plurality 

of individual chips without damaging the effective structural region of the chips. 

[00153] FIG. 2 is a cross-sectional view of multiple individual wafers 1-20 formed after the 

wafer 1-10 having the patterned transition metal oxide layer is subjected to a dicing process. As 5 

illustrated in FIG. 2, the wafer has been cut into individual chips separated through the cutting 

slot 121. FIG. 2 illustrate the individual chips 11 and 12 formed after the dicing process. 

[00154] FIG. 3 is a cross-sectional view of a sequencing chip 1-30 formed by assembling 

one single chip. One single chip having the patterned surface layer 113 is first placed into a 

frame structure 131 including a liquid inlet and outlet 133, then a hydrophobically treated cover 10 

glass 132 is attached onto the frame 131, and a fluid channel 134 is formed between the cover 

glass 132 and the chip including the patterned surface 113, thereby allowing liquid to be 

introduced into or discharged from the fluid channel 134 via the liquid inlet and outlet 133. In 

this figure, the related components are fixed by using adhesives during assembling the chip into 

the frame 131 and attaching the cover glass 132 onto the frame 131, and any suitable adhesive 15 

can be employed in the present disclosure. In this figure, the structure of the assembled 

sequencing chip is schematically illustrated, i.e., including the frame for providing the liquid 

inlet and outlet, and the cover glass for forming the fluid channel together with the frame. 

However, those skilled in the art should recognize that any frame and cover glass that are made 

of suitable materials, and any frame and cover glass structure that can provide the liquid inlet 20 

and outlet and the fluid channel should be included in the present disclosure. 

[00155] FIG. 4 illustrates a sequencing chip 1-40 formed after the sequencing chip 1-30 is 

subjected a surface functionalization modification. Liquid used for surface modification can be 

introduced into the fluid channel via the liquid inlet and outlet and contact the transition metal 

oxide region and the silicon oxide region to functionally modify the surfaces thereof, thereby 25 

providing them with a function of adsorbing DNBs (i.e., serving as DNB-binding site, transition 

metal oxide region, functional region) and a function of repelling DNBs (i.e., serving as DNB 

non-binding site, silicon oxide region, non-functional region), respectively. The surface 

modification includes: 1) forming a polyethylene glycol molecular layer 142 on the surface of 

the silicon oxide layer; and 2) forming multiple amino groups 141 on the transition metal oxide 30 
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ZOgS *̀ IVS ^]ZgSbVgZS\S UZgQ]Z []ZSQcZS W\QZcRSa Ob ZSOab ]\S ]T ^]ZgSbVgZS\SW[W\S)

^]ZgSbVgZS\S UZgQ]Z O\R O aWZO\S Q]c^ZW\U OUS\b Q]\bOW\W\U ^]ZgSbVgZS\S UZgQ]Z( W\ ]`RS` b]

Tc`bVS` `SRcQS bVS \]\)a^SQWTWQ ORa]`^bW]\ ]T ;D9a W\ bVS \]\)Tc\QbW]\OZ `SUW]\ ]\ bVS ac`TOQS

]T bVS QVW^* 8ZbS`\ObWdSZg( bVS ^]ZgSbVgZS\S UZgQ]Z []ZSQcZS Wa ^]ZgSbVgZS\SW[W\S)^]ZgSbVgZS\S

UZgQ]Z( O\R SOQV ]T bVS [cZbW^ZSa ^]ZgSbVgZS\S UZgQ]Z []ZSQcZSa VOa ]\S S\R Q]\\SQbSR b] bVS5 

aWZWQ]\ ]fWRS ZOgS` --. bV`]cUV SZSQb`]abObWQ ORa]`^bW]\* F]ZgSbVgZS\SW[W\S)^]ZgSbVgZS\S UZgQ]Z

QO\ PS aSZT)O``O\USR ]\ bVS aWZWQ]\ ]fWRS ZOgS` --.( O\R bVS\ ORa]`PSR ]\ bVS aWZWQ]\ ]fWRS ZOgS`

--. bV`]cUV SZSQb`]abObWQ OQbW]\* 8ZbS`\ObWdSZg( bVS ^]ZgSbVgZS\S UZgQ]Z []ZSQcZS Wa O aWZO\S

Q]c^ZW\U OUS\b Q]\bOW\W\U ^]ZgSbVgZS\S UZgQ]Z( SOQV ]T [cZbW^ZS ^]ZgSbVgZS\S UZgQ]Z []ZSQcZSa

VOa ]\S S\R Q]\\SQbSR b] bVS aWZWQ]\ ]fWRS ZOgS` --. dWO O QVOW\ ]T )HW)E)HW)( O\R bVS aWZO\S10 

Q]c^ZW\U OUS\b Q]\bOW\W\U ^]ZgSbVgZS\S UZgQ]Z QO\ c\RS`U] O Q]\RS\aObW]\ `SOQbW]\ eWbV bVS

VgR`]fgZ U`]c^a ]\ bVS ac`TOQS ]T bVS aWZWQ]\ ]fWRS ZOgS` --. b] T]`[ bVS )HW)E)HW)QVOW\* IVS

[cZbW^ZS O[W\] U`]c^a O`S Q]\\SQbSR b] Ob ZSOab O ^O`b ]T bVS b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZSa(

O\R bVS [cZbW^ZS O[W\] U`]c^a O`S c\OPZS b] PS Q]\\SQbSR b] bVS aWZWQ]\ ]fWRS ZOgS *̀ 8^^ZWQO\ba

T]c\R bVOb bVS O[W\ObW]\ ]T bVS b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZSa QO\ Tc`bVS` W[^`]dS bVS15 

ORa]`^bW]\ a^SQWTWQWbg ]T bVS Tc\QbW]\OZ `SUW]\ ]T bVS QVW^ ac`TOQS T]` bVS ;D9a* IVca( Pg

ORXcabW\U bVS ^? ]T bVS ;D9a O\R bVS ac`TOQbO\b Q][^]aWbW]\( bVS Tc\QbW]\OZ `SUW]\a ]T bVS QVW^

ac`TOQS QO\ a^SQWTWQOZZg ORa]`P ;D9a* IVS [cZbW^ZS O[W\] U`]c^a O`S ^`]dWRSR Pg

O[W\]^V]a^V]\WQ OQWR)POaSR Q][^]c\Ra* 8^^ZWQO\ba T]c\R bVOb bVS ^V]a^V]\WQ OQWR U`]c^

R]Sa \]b `SOQb eWbV bVS aWZWQ]\ ]fWRS ZOgS` Pcb a^SQWTWQOZZg `SOQba eWbV bVS b`O\aWbW]\ [SbOZ ]fWRS20 

[]ZSQcZS( O\R bVca bVS O[W\]^V]a^V]\WQ OQWR)POaSR Q][^]c\Ra QO\ PS caSR b] a^SQWTWQOZZg

W\b`]RcQS bVS O[W\] U`]c^a ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZSa7 ]` bVS [cbW^ZSa O[W\]

U`]c^a O`S Q]\\SQbSR b] Ob ZSOab O ^O`b ]T bVS [cZbW^ZS b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZSa bV`]cUV

QVS[WQOZ P]\Ra* 8a [S\bW]\SR OP]dS( POaSR ]\ bVS TOQb bVOb bVS ^V]a^V]\WQ OQWR U`]c^ R]Sa

\]b `SOQb eWbV bVS aWZWQ]\ ]fWRS ZOgS` Pcb a^SQWTWQOZZg `SOQba eWbV bVS b`O\aWbW]\ [SbOZ ]fWRS25 

[]ZSQcZS( bVS O[W\]^V]a^V]\WQ OQWR)POaSR Q][^]c\Ra QO\ PS caSR b] a^SQWTWQOZZg W\b`]RcQS

bVS O[W\] U`]c^a ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZSa* IVS ^V]a^V]\WQ OQWR U`]c^ O\R bVS

b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZS QO\ T]`[ O Q]``Sa^]\RW\U QVS[WQOZ P]\R( O\R bVS [cZbW^ZS

O[W\] U`]c^a QO\ PS Q]\\SQbSR b] bVS b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZSa Pg T]`[W\U bVS QVS[WQOZ

P]\Ra PSbeSS\ bVS b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZSa O\R bVS ^V]a^V]\WQ OQWR U`]c^a* IVS30 
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QVS[WQOZ P]\Ra O`S T]`[SR Pg P]\RW\U bVS b`O\aWbW]\ [SbOZ b] bVS ^V]a^V]`WQ OQWR U`]c^ ]T bVS

O[W\]^V]a^V]\WQ OQWR)POaSR Q][^]c\R* IVS ^V]a^V]\WQ OQWR U`]c^ W\ bVS O[W\]^V]a^V]\WQ

OQWR)POaSR Q][^]c\R O\R bVS b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZS QO\ T]`[ O Q]``Sa^]\RW\U

b`O\aWbW]\ [SbOZ)E)F P]\R &acQV Oa N`)E)F P]\R( IW)E)F P]\R( ]` IO)E)F P]\R'( O\R

OQQ]`RW\UZg( bVS [cZbW^ZS O[W\] U`]c^a O`S Q]\\SQbSR b] bVS b`O\aWbW]\ [SbOZ ]fWRS []ZSQcZSa5 

dWO bVS b`O\aWbW]\ [SbOZ)E)F P]\Ra T]`[SR PSbeSS\ bVS ^V]a^V]\WQ OQWR U`]c^a O\R b`O\aWbW]\

[SbOZ ]fWRS []ZSQcZSa*

[00156] =@>* 18 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ -)1,8 Q]\bOW\W\U O ;D9

O``Og( eVS`S bVS aS_cS\QW\U QVW^ -)1,8 Wa T]`[SR OTbS` bVS aS_cS\QW\U QVW^ -)0, aV]e\ W\ =@>*

0 Wa acPXSQbSR b] O Tc\QbW]\OZWhObW]\ b`SOb[S\b O\R ;D9a O`S Z]ORSR ]\ bVS aS_cS\QW\U QVW^ -)10 

0,* IVS ;D9 `SOUS\b Wa W\b`]RcQSR W\b] bVS TZcWR QVO\\SZ bV`]cUV bVS ZW_cWR W\ZSb O\R ]cbZSb -//

]\ bVS aS_cS\QW\U QVW^( O\R ;D9a O`S aSZSQbWdSZg P]\RSR b] bVS ;D9)PW\RW\U aWbSa &b`O\aWbW]\

[SbOZ ]fWRS `SUW]\a []RWTWSR eWbV O[W\] U`]c^a( W*S*( bVS Tc\QbW]\OZ `SUW]\a'( `ObVS` bVO\ PS

P]\RSR b] bVS ;D9 \]\)PW\RW\U aWbSa &^]ZgSbVgZS\S UZgQ]Z)[]RWTWSR aWZWQ]\ ]fWRS ZOgS`'( a] Oa

b] T]`[ O ;D9 \O\]O``Og* IVS ZWUVb a]c`QS O\R QO[S`O -1. Wa WZZcab`ObSR W\ =@>* 18* J\RS` bVS15 

SfQWbObW]\ ]T O ZWUVb a]c`QS ]T O a^SQWTWQ eOdSZS\UbV ]` S\S`Ug( bVS ;D9a ZOPSZSR eWbV

TZc]`SaQS\b [O`YS`a QO\ S[Wb ZWUVb ]T O a^SQWTWQ eOdSZS\UbV ]` S\S`Ug( eVWQV Wa OQ_cW`SR Pg bVS

QO[S`O* 9OaS aS_cS\QSa ]T bVS ;D9a QO\ PS WRS\bWTWSR Pg O\OZghW\U bVS ZWUVb aWU\OZ OQ_cW`SR

Pg bVS QO[S`O*

[00157] =@>* 19 WZZcab`ObSa O\]bVS` aW[^ZS` [SbV]R T]` Z]ORW\U ;D9a* @\ =@>* 19( ;D9a20 

QO\ PS Z]ORSR ]\ bVS aS_cS\QW\U QVW^ -)/, aV]e\ =@>* / eWbV]cb O\g ac`TOQS []RWTWQObW]\* 8a

Z]\U Oa ^? O\R ac`TOQbO\b Q][^]aWbW]\ ]T bVS ;D9 `SOUS\b O`S ]^bW[OZ( ;D9a QO\ PS aSZSQbWdSZg

ORa]`PSR ]\Zg ]\ bVS ;D9)PW\RW\U aWbSa &b`O\aWbW]\ [SbOZ ]fWRS ZOgS (̀ W*S*( bVS Tc\QbW]\OZ `SUW]\a'

O\R `S^SZZSR Pg bVS ;D9 \]\)PW\RW\U aWbSa &aWZWQ]\ ]fWRS ZOgS (̀ W*S*( bVS \]\)Tc\QbW]\OZ `SUW]\a'

eWbV]cb ^S`T]`[W\U bVS ac`TOQS Tc\QbW]\OZWhObW]\ []RWTWQObW]\* @b aV]cZR PS \]bSR bVOb( bVS25 

[SbV]R ]T Z]ORW\U ;D9a OTbS` ^S`T]`[W\U bVS ac`TOQS Tc\QbW]\OZWhObW]\ []RWTWQObW]\( Oa aV]e\

W\ =@>* 0 O\R =@>* 18( eWZZ S\OPZS PSbbS` aSZSQbWdS ORa]`^bW]\ STTSQb ]T ;D9a ]\ bVS ^ObbS`\SR

ac`TOQS*

[00158] IVS `SacZba O`S aV]e\ W\ =@>* 18 O\R =@>* 19* IVS ;D9 aO[^ZS -1- Wa Z]ORSR ]\

bVS b`O\aWbW]\ [SbOZ ]fWRS #a^]ba# --/( O\R bVS QO[S`O -1. Wa ^ZOQSR OP]dS bVS ;D9 aO[^ZS b]30 
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OQ_cW`S bVS ZWUVb aWU\OZ S[WbbSR Pg bVS ;D9 aO[^ZS* IVS ;D9 aO[^ZS QO\ PS Q]\aWRS`SR Oa O

^]W\b ZWUVb a]c`QS( ZWUVb S[WbbSR c^eO`R Wa RW`SQbZg OQ_cW`SR Pg bVS QO[S`O( O ^O`b ]T ZWUVb S[WbbSR

R]e\eO`R QO\ PS `STZSQbSR Pg bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` O\R bVS aWZWQ]\ ]fWRS ZOgS` O\R

OQ_cW`SR Pg bVS QO[S`O( O\R bVS `S[OW\W\U ^O`b ]T bVS ZWUVb S[WbbSR R]e\eO`R ^OaaSa bV`]cUV

bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` O\R bVS aWZWQ]\ ]fWRS ZOgS` O\R S\bS`a bVS aWZWQ]\ acPab`ObS*5 

8^^ZWQO\ba VOa T]c\R ]^bW[OZ bVWQY\SaaSa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` O\R bVS aWZWQ]\

]fWRS ZOgS` bV`]cUV ]^bWQOZ aW[cZObW]\ QOZQcZObW]\* LWbV acQV bVWQY\SaaSa( bVS b`O\aWbW]\ [SbOZ

]fWRS ZOgS` O\R bVS aWZWQ]\ ]fWRS ZOgS` VOdS [OfW[c[ `STZSQbW]\ O\R [W\W[c[ b`O\a[WaaW]\

T]` bVS ZWUVb aWU\OZ S[WbbSR Pg bVS ;D9a( acQV bVOb bVS ZWUVb aWU\OZ S[WbbSR Pg bVS ;D9a Wa

b`O\a[WbbSR c^eO`R O\R OQ_cW`SR Pg bVS QO[S`O Oa [cQV Oa ^]aaWPZS* IVOb Wa( O\ W\bS\aWbg ]T bVS10 

TZc]`SaQS\QS aWU\OZ QO^bc`SR Pg bVS QO[S`O Wa [OfW[WhSR* ;c`W\U bVS aW[cZObW]\ QOZQcZObW]\(

bVS W\bS\aWbWSa ]T TZc]`SaQS\QS aWU\OZa Q]``Sa^]\RW\U b] RWTTS`S\b bVWQY\SaaSa ]T bVS aWZWQ]\ ]fWRS

ZOgS` O`S TW`ab RSbS`[W\SR W\ OPaS\QS ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS`( a] Oa RSbS`[W\S O\

]^bW[OZ bVWQY\Saa ]T bVS aWZWQ]\ ]fWRS ZOgS *̀ IVS aW[cZObW]\ QOZQcZObW]\ `SacZba O`S aV]e\ W\ =@>*

1:* LVS\ bVS bVWQY\Saa ]T bVS aWZWQ]\ ]fWRS ZOgS` Wa OP]cb 5, \[( bVS aWZWQ]\ ]fWRS ZOgS` VOa15 

`SZObWdSZg VWUVS` `STZSQbWdWbg b] ZWUVb ]T bVS T]c` eOdSZS\UbVa*

[00159] LVS\ bVS bVWQY\Saa ]T bVS aWZWQ]\ ]fWRS ZOgS` Wa OP]cb 5, \[( bVS aWZWQ]\ ]fWRS ZOgS`

VOa bVS ]^bW[OZ `STZSQbW]\ STTSQb T]` bVS ZWUVb aWU\OZ S[WbbSR Pg bVS ;D9 aO[^ZS( bVOb Wa( bVS

W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ QO^bc`SR Pg bVS QO[S`O Wa bVS VWUVSab* IVS\( Rc`W\U bVS

aW[cZObW]\ QOZQcZObW]\( O `SZObW]\ PSbeSS\ O QVO\US W\ bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS20 

ZOgS` O\R bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ Wa RSbS`[W\SR eVS\ bVS bVWQY\Saa ]T bVS aWZWQ]\

]fWRS ZOgS` Wa 5, \[( O\R bVS `SacZba O`S aV]e\ W\ =@>* 1;* LVS\ bVS bVWQY\Saa ]T bVS b`O\aWbW]\

[SbOZ ]fWRS ZOgS` Wa ZSaa bVO\ 0, \[( bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ QO^bc`SR Pg bVS QO[S`O

U`ORcOZZg RSQ`SOaSa Oa O\ W\Q`SOaS W\ bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS *̀ LVS\ bVS

bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa OP]cb -,\[ b] ., \[( bVS b`O\aWbW]\ [SbOZ ]fWRS25 

ZOgS` VOa PSbbS` [SQVO\WQOZ `SZWOPWZWbg O\R O [OfW[c[ `STZSQbWdWbg( O\R bVS TZc]`SaQS\QS aWU\OZ

QO^bc`SR Pg bVS QO[S`O VOa bVS VWUVSab W\bS\aWbg( Oa aV]e\ W\ =@>* 1;*

[00160] 5TJVLQTMU[ (0 <M[PVL NVY TIU\NIK[\YQUO I ZMX\MUKQUO KPQW PI]QUO #^MSS#$

Z[Y\K[\YML [YIUZQ[QVU TM[IS V_QLM VU I ZQSQKVU VY X\IY[a ^INMY

[00161] GSTS``W\U b] =@>* 2 b] =@>* --( bVS ^`SaS\b S[P]RW[S\b ^`]dWRSa O [SbV]R T]`30 
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[O\cTOQbc`W\U O aS_cS\QW\U QVW^ VOdW\U #eSZZ#)ab`cQbc`SR b`O\aWbW]\ [SbOZ ]fWRS ]\ O aWZWQ]\

]` _cO`bh eOTS`( O\R WZZcab`ObSa Q`]aa)aSQbW]\OZ dWSea ]T `Sa^SQbWdS ^`]QSaaSa ]T bVS [SbV]R* IVWa

[SbV]R QO\ PS ^S`T]`[SR ]\ O PO`S eOTS` eWbV]cb `S_cW`W\U O\g W\bS`\OZ QW`QcWb ]` ab`cQbc`S*

IVSaS TWUc`Sa ]T bVS ^`SaS\b RWaQZ]ac`S [S`SZg WZZcab`ObS be] `SUW]\a -- O\R -. ]\ bVS eOTS *̀

IV]aS aYWZZSR W\ bVS O`b aV]cZR `SOZWhS bVOb O ^Zc`OZWbg ]T W\RWdWRcOZ QVW^a eWbV bVS aO[S ab`cQbc`S5 

QO\ PS T]`[SR ]\ bVS eOTS` &bVS \c[PS` ]T QVW^a [Og dO`g T`][ bS\a b] bV]caO\Ra RS^S\RW\U

c^]\ bVS eOTS` aWhS O\R QVW^ aWhS'( O\R SOQV QVW^ QO\ Q]\abWbcbS ]\S aS_cS\QW\U QVW^*

[00162] =@>* 2 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O eOTS` ab`cQbc`S .)-,( T]`[SR Pg T]`[W\U O

aWZWQ]\ ]fWRS ZOgS` O\R O b`O\aWbW]\ [SbOZ ]fWRS ZOgS` ]\ O PO`S eOTS *̀ 8 eOTS` acPab`ObS .-- Wa

TW`ab ^`]dWRSR* IVS eOTS` acPab`ObS QO\ PS aWZWQ]\ ]` _cO`bh( Pcb Wa \]b ZW[WbSR bVS`Sb]* 8\g10 

acWbOPZS aS[WQ]\RcQb]` eOTS` QO\ PS S[^Z]gSR VS`SW\* IVS\( O aWZWQ]\ ]fWRS ZOgS` .-. Wa T]`[SR

]\ bVS eOTS` .--( O\R bVS ^`]QSaa ]T T]`[W\U bVS aWZWQ]\ ]fWRS ZOgS` Wa aW[WZO` b] bVOb RSaQ`WPSR

W\ <[P]RW[S\b - eWbV `STS`S\QS b] =@>* -* 8 b`O\aWbW]\ [SbOZ ]fWRS ZOgS` .-/ Wa bVS\ T]`[SR ]\

bVS aWZWQ]\ ]fWRS ZOgS *̀ IVS b`O\aWbW]\ [SbOZ ]fWRS QO\ PS bWbO\Wc[ RW]fWRS( hW`Q]\Wc[ RW]fWRS(

bO\bOZc[ ^S\b]fWRS( \W]PWc[ VSfO]fWRS( VOT\Wc[ RW]fWRS( ]` O\g Q][PW\ObW]\ bVS`S]T( O\R bVS15 

T]`[ObW]\ ^`]QSaa bVS`S]T Wa aW[WZO` b] bVOb RSaQ`WPSR W\ <[P]RW[S\b - eWbV `STS`S\QS b] =@>*

-*

[00163] =@>* 3 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O eOTS` .).,( T]`[SR Pg ^ObbS`\W\U bVS aWZWQ]\

]fWRS ZOgS` eWbV #eSZZ# ab`cQbc`Sa ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` ]T bVS eOTS` .)-, aV]e\

W\ =@>* 2* 8 aWZWQ]\ ]fWRS ZOgS` ..- Wa TW`ab T]`[SR ]\ bVS eOTS` .)-, aV]e\ W\ =@>* 2( O\R bVS\20 

O\ O``Og ]T #eSZZ# ab`cQbc`Sa ... bVOb O`S RWaQ`SbSZg O``O\USR Wa T]`[SR W\ bVS aWZWQ]\ ]fWRS ZOgS`

..- Pg ^V]b]ZWbV]U`O^Vg O\R SbQVW\U PSZ]\UW\U b] bVS Q]\dS\bW]\OZ aS[WQ]\RcQb]` ^`]QSaaSa(

Oa WZZcab`ObSR W\ =@>* 3* IVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa Sf^]aSR Ob O P]bb][ ]T bVS ieSZZj

ab`cQbc`S( O\R bVS aWZWQ]\ ]fWRS ZOgS` ..- VWUVS` bVO\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` OQba Oa O

^S`W^VS`g ]T bVS ieSZZj ab`cQbc`S Wa* 8 aWhS ]T bVS ieSZZj Wa bVS aO[S Oa ]` aZWUVbZg a[OZZS` bVO\25 

8 aWhS ]T bVS ;D9( bVS`SPg OZZ]eW\U SOQV #eSZZ# ab`cQbc`S b] PS P]\R b] ]\Zg ]\S ;D9*

[00164] =@>* 4 aV]ea O Q`]aa)aSQbW]\OZ dWSe ]T [cZbW^ZS W\RWdWRcOZ QVW^a .)/, T]`[SR OTbS`

bVS eOTS` ab`cQbc`S .)., aV]e\ W\ =@>* 3 Wa acPXSQbSR b] O RWQW\U ^`]QSaa* @\ bVWa TWUc`S( bVS

RWQW\U ^`]QSaa Wa aW[WZO` b] bVOb RSaQ`WPSR W\ <[P]RW[S\b - eWbV `STS`S\QS b] =@>* .* IVS eOTS`

.)., aV]e\ W\ =@>* 3 Wa Qcb W\b] W\RWdWRcOZ QVW^a .- O\R ..( eVWQV O`S aS^O`ObSR T`][ SOQV30 



/5

]bVS` bV`]cUV bVS QcbbW\U aZ]b ./-*

[00165] =@>* 5 aV]ea O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ .)0, T]`[SR Pg

OaaS[PZW\U ]\S aW\UZS QVW^* IVS ^`]QSaa ]T OaaS[PZW\U Wa aW[WZO` b] bVS ^`]QSaa RSaQ`WPSR W\

<[P]RW[S\b - eWbV `STS`S\QS b] =@>* /* 8 T`O[S .0- W\QZcRW\U O ZW_cWR W\ZSb O\R ]cbZSb .0/(

O\R O Q]dS` UZOaa .0. ObbOQVSR ]\ bVS T`O[S O`S W\QZcRSR* 8 TZcWR QVO\\SZ Wa T]`[SR PSbeSS\5 

bVS Q]dS` UZOaa O\R bVS ]\S aW\UZS QVW^ VOdW\U #eSZZ# ab`cQbc`Sa W\ O\ O``Og*

[00166] =@>* -, Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ .)1, T]`[SR OTbS` bVS

aS_cS\QW\U QVW^ .)0, aV]e\ W\ =@>* 5 Wa acPXSQbSR b] O ac`TOQS Tc\QbW]\OZWhObW]\ []RWTWQObW]\*

IVS ^`]QSaa ]T bVS ac`TOQS Tc\QbW]\OZWhObW]\ b`SOb[S\b W\ bVWa TWUc`S Wa aW[WZO` b] bVOb RSaQ`WPSR

W\ <[P]RW[S\b - eWbV `STS`S\QS b] =@>* 0* 8a `SacZba( bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` .-/10 

Sf^]aSR Ob bVS P]bb][ ]T bVS #eSZZ# ab`cQbc`S T]`[a O ;D9)PW\RW\U aWbS `SUW]\ []RWTWSR eWbV

O[W\] U`]c^a( W*S*( O Tc\QbW]\OZ `SUW]\( O\R O ^]ZgSbVgZS\S UZgQ]Z []ZSQcZO` ZOgS` Wa T]`[SR ]\

O ac`TOQS ]T bVS aWZWQ]\ ]fWRS ZOgS` VWUVS` bVO\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS *̀

[00167] =@>* --8 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ .)2,8 eWbV O ;D9 O``Og

T]`[SR OTbS` ;D9a O`S Z]ORSR ]\ bVS aS_cS\QW\U QVW^ .)1, aV]e\ W\ =@>* -,* 8a aV]e\ W\ bVWa15 

TWUc`S( ;D9a O`S Z]ORSR W\ bVS O``OgSR #eSZZ# ab`cQbc`Sa ]T bVS aS_cS\QW\U QVW^ .)2,8( eVWQV

VOa PSS\ acPXSQbSR b] bVS ac`TOQS Tc\QbW]\OZWhObW]\ []RWTWQObW]\( S\OPZW\U bVS ;D9a b]

eWbVabO\R bVS eOaVW\U ]T ZW_cWR Ob O VWUVS` TZ]e `ObS( O\R W[^`]dW\U O aS_cS\QW\U a^SSR ]T bVS

aS_cS\QW\U QVW^* IVS SfQWbObW]\ ZWUVb a]c`QS+QO[S`O .2. WZZcab`ObSR W\ bVWa TWUc`S QO\ ^`]dWRS

SfQWbObW]\ ZWUVb ]T O a^SQWTWQ eOdSZS\UbV O\R S\S`Ug O\R OQ_cW`S bVS ZWUVb aWU\OZ ]T O a^SQWTWQ20 

eOdSZS\UbV O\R S\S`Ug S[WbbSR Pg bVS ;D9a ZOPSZSR eWbV TZc]`SaQS\b [O`YS`a( bVS`SPg

WRS\bWTgW\U bVS POaS aS_cS\QS ]T bVS ;D9a*

[00168] =@>* --9 WZZcab`ObSa O\]bVS` aW[^ZS` [SbV]R T]` Z]ORW\U ;D9a* IVS aS_cS\QW\U QVW^

.)0, aV]e\ W\ =@>* 5 QO\ PS Z]ORSR eWbV ;D9a eWbV]cb ^S`T]`[W\U O\g ac`TOQS []RWTWQObW]\

b] T]`[ bVS aS_cS\QW\U QVW^ .)2,9* 8a Z]\U Oa ^? O\R ac`TOQbO\b Q][^]aWbW]\ ]T bVS ;D925 

`SOUS\b O`S ]^bW[OZ( ;D9a QO\ PS aSZSQbWdSZg ORa]`PSR ]\Zg ]\ bVS ;D9)PW\RW\U aWbSa

&b`O\aWbW]\ [SbOZ ]fWRS ZOgS (̀ W*S*( bVS Tc\QbW]\OZ `SUW]\a' O\R `S^SZZSR Pg bVS ;D9 \]\)PW\RW\U

aWbSa &aWZWQ]\ ]fWRS ZOgS`( W*S*( bVS \]\)Tc\QbW]\OZ `SUW]\a' eWbV]cb ^S`T]`[W\U bVS ac`TOQS

Tc\QbW]\OZWhObW]\ []RWTWQObW]\* 8^^ZWQO\ba T]c\R bVOb bVS [SbV]R ]T Z]ORW\U bVS ;D9a OTbS`

^S`T]`[W\U bVS ac`TOQS Tc\QbW]\OZWhObW]\ []RWTWQObW]\( Oa aV]e\ W\ =@>* -, O\R =@>* --8( eWZZ30 



0,

^`]dWRS PSbbS` aSZSQbWdS ORa]`^bW]\ STTSQb ]T bVS ^ObbS`\SR ac`TOQS T]` ;D9a*

[00169] 8^^ZWQO\ba VOa T]c\R ]^bW[OZ bVWQY\SaaSa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` O\R bVS

aWZWQ]\ ]fWRS ZOgS` bV`]cUV ]^bWQOZ aW[cZObW]\ QOZQcZObW]\* @\ bVWa S[P]RW[S\b( bVS b`O\aWbW]\

[SbOZ ]fWRS ZOgS` Wa O bVW\ TWZ[ ZOgS` ab`cQbc`S( O TW`ab aWZWQ]\ ]fWRS ZOgS` Wa RWa^]aSR c\RS` bVS

b`O\aWbW]\ [SbOZ ]fWRS ZOgS`( O\R O aSQ]\R aWZWQ]\ ]fWRS ZOgS` VOdW\U O``OgSR #eSZZ# ab`cQbc`Sa5 

Wa O``O\USR ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS *̀ 8QQ]`RW\U b] bVS aW[cZObW]\ `SacZba W\

<[P]RW[S\b -( 8^^ZWQO\ba ZSO`\SR bVOb( eVS\ bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS`

dO`WSa T`][ , b] 0, \[( bVS `STZSQbWdWbg ]T bVS bVW\ TWZ[ U`ORcOZZg RSQ`SOaSa eWbV O\ W\Q`SOaS W\

bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS`( `SacZbW\U W\ O U`ORcOZ RSQ`SOaS W\ bVS W\bS\aWbg

]T TZc]`SaQS\QS aWU\OZ OQ_cW`SR Pg bVS QO[S`O* 8QQ]`RW\UZg( O `SZObW]\ PSbeSS\ bVS W\bS\aWbg ]T10 

TZc]`SaQS\QS aWU\OZ O\R bVS bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` VOdW\U bVS O``OgSR #eSZZ#

ab`cQbc`Sa Wa aW[cZObSR W\ bVS QW`Qc[abO\QSa bVOb bVS bVWQY\Saa ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS` Wa

5, \[( O\R bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa , \[( -, \[( O\R ., \[* IVS

aW[cZObW]\ `SacZba O`S aV]e\ W\ =@>* --:* LWbV O\ W\Q`SOaS W\ bVS bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\

]fWRS ZOgS`( bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ U`ORcOZZg RSQ`SOaSa( O\R bVS `STZSQbWdWbg ]T bVS15 

bVW\ TWZ[ b] bVS ZWUVb aWU\OZ RSQ`SOaSa* IVS`ST]`S( W\ ]`RS` b] S\OPZS bVS #eSZZ# ab`cQbc`S b] VOdS

O QS`bOW\ RS^bV T]` Z]ORW\U ;D9a( 8^^ZWQO\ba aSZSQb bVOb bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` VOa O

bVWQY\Saa ]T OP]cb 1, \[*

[00170] LVS\ bVS bVWQY\Saa ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS` Wa 5, \[ O\R bVS bVWQY\Saa ]T bVS

aSQ]\R aWZWQ]\ ]fWRS ZOgS` Wa 1, \[( O `SZObW]\ PSbeSS\ RWTTS`S\b bVWQY\SaaSa ]T bVS b`O\aWbW]\20 

[SbOZ ]fWRS ZOgS` O\R bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ Wa aW[cZObSR O\R QOZQcZObSR

Q]``Sa^]\RW\UZg* IVS aW[cZObW]\ `SacZba O`S aV]e\ W\ =@>* --;( VOdW\U O QVO\UW\U b`S\R aW[WZO`

b] bVOb ]T bVS <[P]RW[S\b -* IVOb Wa( eVS\ bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa

ZSaa bVO\ 0, \[( eWbV O\ W\Q`SOaS W\ bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS (̀ bVS

`STZSQbWdWbg RSQ`SOaSa( O\R bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ U`ORcOZZg eSOYS\a* IVS`ST]`S(25 

8^^ZWQO\ba PSZWSdS bVOb( Wb Wa ]^bW[OZ bVOb bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa

OP]cb 1)-1 \[( O\R W\ bVWa QOaS( bVS W\bS\aWbWSa ]T bVS TZc]`SaQS\QS aWU\OZa ]T RWTTS`S\b

eOdSZS\UbVa S[WbbSR Pg bVS T]c` POaSa O`S `SZObWdSZg VWUVS *̀ 8^^ZWQO\ba PSZWSdS bVOb( W\ bVWa

S[P]RW[S\b( eVS\ bVS bVWQY\Saa ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS` Wa 5, \[( bVS bVWQY\Saa ]T bVS

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` `O\USa T`][ 1 \[ b] -1 \[( O\R bVS bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\30 



0-

]fWRS ZOgS` Wa 1, \[( bVS `STZSQbWdWbg ]T bVS bVW\ TWZ[ ]\ bVS aS_cS\QW\U QVW^ Wa `SZObWdSZg VWUVS (̀

O\R bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ QO^bc`SR Pg bVS QO[S`O Wa `SZObWdSZg VWUVS *̀

[00171] 5TJVLQTMU[ )0 1UV[PMY TM[PVL NVY TIU\NIK[\YQUO I ZMX\MUKQUO KPQW PI]QUO

#^MSS#$Z[Y\K[\YML [YIUZQ[QVU TM[IS V_QLM VU I ZQSQKVU VY X\IY[a ^INMY

[00172] 8a aV]e\ W\ =@>* -. b] =@>* -3( bVS ^`SaS\b S[P]RW[S\b ^`]dWRSa Q`]aa)aSQbW]\OZ5 

dWSea ]T `Sa^SQbWdS ^`]QSaaSa ]T O\]bVS` [SbV]R T]` [O\cTOQbc`W\U O aS_cS\QW\U QVW^ VOdW\U

#eSZZ#)ab`cQbc`SR b`O\aWbW]\ [SbOZ ]fWRS ]\ O aWZWQ]\ ]` _cO`bh eOTS`* IVWa [SbV]R RWTTS`a T`][

bVS [SbV]R ]T <[P]RW[S\b . W\ bVOb( W\ bVWa [SbV]R( O ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS ZOgS`

/-/ Wa TW`ab T]`[SR ]\ bVS aWZWQ]\ ]fWRS ZOgS` /-. ]T bVS eOTS` /--( eVWZS bVS b`O\aWbW]\ [SbOZ

]fWRS ZOgS` Wa T]`[SR ]\ bVS S\bW`S eOTS` W\ bVS [SbV]R ]T <[P]RW[S\b .( Oa WZZcab`ObSR W\ =@>*10 

-. O\R =@>* 2 T]` Q][^O`Wa]\*

[00173] =@>* -. Wa O Q`]aa)aSQbW]\OZ dWSe ]T O eOTS` ab`cQbc`S /)-, W\QZcRW\U bVS ^ObbS`\SR

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` /-/( O\R bVS T]`[W\U ^`]QSaa bVS`S]T Wa aW[WZO` b] bVOb RSaQ`WPSR W\

<[P]RW[S\b - eWbV `STS`S\QS b] =@>* -*

[00174] =@>* -/ Wa O Q`]aa)aSQbW]\OZ dWSe ]T O eOTS` ab`cQbc`S /).,( W\ eVWQV O aWZWQ]\ ]fWRS15 

ZOgS` /.- VOdW\U ^ObbS`\SR #eSZZ# ab`cQbc`Sa /.. Wa T]`[SR ]\ bVS eOTS` /)-, W\QZcRW\U bVS

^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS ZOgS` aV]e\ W\ =@>* -.* 8 T]`[W\U ^`]QSaa ]T bVS aWZWQ]\ ]fWRS

ZOgS` /.- Wa aW[WZO` b] bVOb RSaQ`WPSR W\ <[P]RW[S\b . eWbV `STS`S\QS b] =@>* 3( W\ eVWQV bVS

ieSZZj ab`cQbc`Sa /.. W\ bVS aWZWQ]\ ]fWRS ZOgS` Q]``Sa^]\Ra b] bVS ia^]baj ]T bVS ^ObbS`\SR

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` /-/ W\ ]\S)b])]\S Q]``Sa^]\RS\QS( bVS aWZWQ]\ ]fWRS ZOgS` Wa VWUVS`20 

bVO\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` b] T]`[ O\ O``Og ]T ^ObbS`\SR #eSZZ# ab`cQbc`Sa ]\ bVS eOTS`

ac`TOQS( O\R bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` /-/ Wa Sf^]aSR Ob O P]bb][ ]T bVS #eSZZ# ab`cQbc`S*

[00175] =@>* -0 Wa O Q`]aa)aSQbW]\OZ dWSe ]T [cZbW^ZS W\RWdWRcOZ QVW^a /)/, aS^O`ObSR Pg O

QcbbW\U aZ]b //- T]`[SR OTbS` bVS eOTS` ab`cQbc`S /)., aV]e\ W\ =@>* -/ Wa acPXSQbSR b] O RWQW\U

^`]QSaa* IVS RWQW\U ^`]QSaa Wa aW[WZO` b] bVOb RSaQ`WPSR W\ <[P]RW[S\b . eWbV `STS`S\QS b] =@>*25 

4*

[00176] =@>* -1 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ /)0, T]`[SR OTbS` OaaS[PZW\U

]\S aW\UZS QVW^ /)/, aV]e\ W\ =@>* -0* IVS ^`]QSaa ]T OaaS[PZW\U Wa aW[WZO` b] bVOb RSaQ`WPSR

W\ <[P]RW[S\b . eWbV `STS`S\QS b] =@>* 5*

[00177] =@>* -2 WZZcab`ObSa O aS_cS\QW\U QVW^ /)1, T]`[SR OTbS` bVS aS_cS\QW\U QVW^ /)0,30 



0.

aV]e\ W\ =@>* -1 Wa acPXSQbSR b] O ac`TOQS Tc\QbW]\OZWhObW]\ []RWTWQObW]\* IVS ^`]QSaa ]T bVS

ac`TOQS Tc\QbW]\OZWhObW]\ b`SOb[S\b Wa aW[WZO` b] bVOb RSaQ`WPSR W\ <[P]RW[S\b . eWbV `STS`S\QS

b] =@>* -,*

[00178] =@>* -38 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ /)2,8 eWbV O ;D9 O``Og

T]`[SR OTbS` ;D9a O`S Z]ORSR ]\ bVS aS_cS\QW\U QVW^ /)1, aV]e\ W\ =@>* -2( eVWQV VOa PSS\5 

acPXSQbSR b] bVS ac`TOQS Tc\QbW]\OZWhObW]\ b`SOb[S\b* IVS ^`]QSaa ]T Z]ORW\U ;D9a Wa aW[WZO` b]

bVOb RSaQ`WPSR W\ <[P]RW[S\b . eWbV `STS`S\QS b] =@>* --8*

[00179] =@>* -39 Wa O\]bVS` aW[^ZS` [SbV]R T]` Z]ORW\U ;D9a eWbV]cb ^S`T]`[W\U O ac`TOQS

Tc\QbW]\OZWhObW]\ []RWTWQObW]\( eVWQV Wa aW[WZO` b] bVOb RSaQ`WPSR W\ <[P]RW[S\b . eWbV

`STS`S\QS b] =@>* --9*10 

[00180] @\ bVWa S[P]RW[S\b( bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa T]`[SR Oa O\ O``Og ]T #a^]b#

ab`cQbc`Sa ]\ O TW`ab aWZWQ]\ ]fWRS ZOgS`( O aSQ]\R aWZWQ]\ ]fWRS ZOgS` VOdW\U O``OgSR #eSZZ#

ab`cQbc`Sa Wa T]`[SR ]\ bVS TW`ab aWZWQ]\ ]fWRS ZOgS`( O\R bVS #eSZZ# ab`cQbc`Sa ]T bVS aWZWQ]\ ]fWRS

ZOgS` Q]``Sa^]\R b] bVS #a^]ba# ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS *̀ @\ bVS OP]dS <[P]RW[S\b -(

bV`]cUV aW[cZObW]\ QOZQcZObW]\( Wb Wa RSbS`[W\SR bVOb eVS\ bVS bVWQY\Saa ]T bVS TW`ab aWZWQ]\ ]fWRS15 

ZOgS` Wa 5, \[ O\R bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa OP]cb -, \[ b] ., \[( bVS

`STZSQbWdWbg Wa ]^bW[WhSR O\R bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ Wa [OfW[WhSR* E\ bVWa POaWa( O

QVO\US ]T bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ eWbV bVS dO`gW\U bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\

]fWRS ZOgS` Wa aW[cZObSR W\ ^`SaS\QS ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` eWbV bVS O``OgSR #eSZZ#

ab`cQbc`Sa* IVS aW[cZObW]\ `SacZba O`S aV]e\ W\ =@>* -3:* LVS\ bVS bVWQY\Saa ]T bVS aSQ]\R20 

ZOgS` ]T aWZWQ]\ ]fWRS ZOgS` Wa ,( W*S*( W\ OPaS\QS ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS (̀ bVS

TZc]`SaQS\QS aWU\OZ VOa bVS ab`]\USab W\bS\aWbg( O\R eWbV O\ W\Q`SOaS W\ bVS bVWQY\Saa ]T bVS

aSQ]\R aWZWQ]\ ]fWRS ZOgS (̀ bVS `STZSQbWdWbg RSQ`SOaSa O\R bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ

U`ORcOZZg eSOYS\a* IVS`ST]`S( W\ ]`RS` b] S\ac`S bVOb bVS ;D9 aO[^ZS Wa Z]ORSR W\ bVS #eSZZ#

ab`cQbc`Sa( Wb Wa ]^bW[OZ bVOb bVS bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` Wa OP]cb 1, \[( bVS25 

bVWQY\Saa ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS` Wa 5, \[( O\R bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` Wa OP]cb -, \[ b] ., \[*

[00181] 5TJVLQTMU[ *0 <M[PVL NVY TIU\NIK[\YQUO I JIKR$QSS\TQUI[ML ZMX\MUKQUO KPQW

PI]QUO #ZWV[#$Z[Y\K[\YML [YIUZQ[QVU TM[IS V_QLM VU I X\IY[a ^INMY

[00182] 8a aV]e\ W\ =@>* -4 b] =@>* ..( bVS ^`SaS\b S[P]RW[S\b ^`]dWRSa Q`]aa)aSQbW]\OZ30 



0/

dWSea ]T `Sa^SQbWdS ^`]QSaaSa ]T O [SbV]R T]` [O\cTOQbc`W\U O POQY)WZZc[W\ObSR aS_cS\QW\U

QVW^ VOdW\U #a^]b#)ab`cQbc`SR b`O\aWbW]\ [SbOZ ]fWRS ]\ O _cO`bh eOTS *̀ <[P]RW[S\b RWTTS`a

T`][ <[P]RW[S\ba -)/ W\ bVOb( bVS [SbV]R ]T <[P]RW[S\b caSa O _cO`bh eOTS` ]` O\g ]bVS`

acWbOPZS b`O\a^O`S\b UZOaa eOTS` Oa bVS acPab`ObS( O\R ^`S^O`Sa O ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` VOdW\U #a^]b# ab`cQbc`Sa ]\ bVS acPab`ObS eOTS`( O\R Rc`W\U bVS OaaS[PZW\U ^`]QSaa( bVS5 

QVW^ Wa ^ZOQSR W\ acQV O [O\\S` bVOb bVS ^ObbS`\SR ZOgS` TOQSa R]e\eO`R( O\R bVS SfQWbObW]\ ZWUVb

a]c`QS+QO[S`O SfQWbSa bVS ;D9a O\R OQ_cW`Sa bVS TZc]`SaQS\QS aWU\OZ T`][ bVS POQY ]T bVS QVW^(

W*S*( bV`]cUV bVS _cO`bh eOTS` acPab`ObS*

[00183] =@>* -4 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O eOTS` ab`cQbc`S 0)-, VOdW\U O ^ObbS`\SR

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` T]`[SR ]\ O aWZWQ]\ ]fWRS ZOgS` 0-. ]T O _cO`bh eOTS` 0--( eVS`S10 

bVS eOTS` Wa O _cO`bh eOTS *̀ 8\g ]bVS` acWbOPZS ZWUVb)b`O\a[WbbW\U UZOaa eOTS` QO\ PS OZa] caSR

VS`SW\* IVS ^`]QSaaSa ]T T]`[W\U bVS ]fWRS ZOgS` 0-. O\R bVS ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` 0-/ O`S aW[WZO` b] bV]aS RSaQ`WPSR W\ <[P]RW[S\b - eWbV `STS`S\QS b] =@>* -*

[00184] =@>* -5 Wa O Q`]aa)aSQbW]\OZ dWSe ]T [cZbW^ZS W\RWdWRcOZ QVW^a 0)., aS^O`ObSR Pg O

QcbbW\U aZ]b T]`[SR OTbS` bVS eOTS` 0)-, aV]e\ W\ =@>* -4 Wa acPXSQbSR b] O RWQW\U ^`]QSaa* IVS15 

RWQW\U ^`]QSaa Wa aW[WZO` b] bVOb RSaQ`WPSR W\ <[P]RW[S\b - eWbV `STS`S\QS b] =@>* .*

[00185] =@>* ., aV]ea O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ 0)/, T]`[SR OTbS` ]\S

aW\UZS QVW^ aV]e\ W\ =@>* -5 Wa S\QO^acZObSR* @\ bVWa ^OQYOUW\U ^`]QSaa( bVS aS_cS\QW\U QVW^ Wa

OaaS[PZSR eWbV O\R ObbOQVSR b] O T`O[S 0/- W\QZcRW\U O ZW_cWR W\ZSb O\R ]cbZSb 0/. W\ acQV O

[O\\S` bVOb bVS ^ObbS`\SR ZOgS` TOQSa R]e\eO`R( O\R O TZcWR QVO\\SZ 0// Wa T]`[SR PSbeSS\ bVS20 

T`O[S O\R bVS ^ObbS`\SR ZOgS` ]\ bVS QVW^* IVS T`O[S 0/- QO\ PS T]`[SR Pg O\g acWbOPZS

^`]QSaaW\U [SbV]R eWbV O\g acWbOPZS [ObS`WOZ( O\R bVS QVW^ O\R bVS T`O[S QO\ PS P]\RSR b] SOQV

]bVS` eWbV O\g acWbOPZS ORVSaWdS* @b aV]cZR PS O^^`SQWObSR bVOb bVWa TWUc`S [S`SZg WZZcab`ObSa O

ab`cQbc`S bVOb bVS T`O[S Wa ac^^]aSR b] VOdS* ?]eSdS`( bVWa TWUc`S Wa \]b `Sab`WQbWdS( O\R O\g

]bVS` ab`cQbc`Sa ]T bVS T`O[S aVOZZ TOZZ eWbVW\ bVS aQ]^S ]T bVS `WUVba ]T bVS ^`SaS\b RWaQZ]ac`S(25 

Oa Z]\U Oa bVSg QO\ ac^^]`b bVS QVW^( VOa O ZW_cWR W\ZSb O\R ]cbZSb( O\R QO\ T]`[ O TZcWR QVO\\SZ

eWbV bVS ^ObbS`\SR ZOgS` ]T bVS QVW^*

[00186] =@>* .- Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ 0)0, T]`[SR OTbS` bVS

aS_cS\QW\U QVW^ 0)/, aV]e\ W\ =@>* ., Wa acPXSQbSR b] ac`TOQS Tc\QbW]\OZWhObW]\ []RWTWQObW]\*

IVS abS^a ]T bVS Tc\QbW]\OZWhObW]\ []RWTWQObW]\ O`S aW[WZO` b] bV]aS aV]e\ W\ =@>* 0 W\30 
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<[P]RW[S\b -*

[00187] =@>* ..8 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ 0)1,8 eWbV O ;D9 O``Og(

T]`[SR OTbS` ;D9a O`S Z]ORSR ]\ bVS aS_cS\QW\U QVW^ 0)0, aV]e\ W\ =@>* .-( eVWQV VOa PSS\

acPXSQbSR b] bVS Tc\QbW]\OZWhObW]\ []RWTWQObW]\* IVS ^`]QSaa ]T Z]ORW\U ;D9a Wa aW[WZO` b] bVOb

RSaQ`WPSR W\ <[P]RW[S\b - eWbV `STS`S\QS b] =@>* 18* =@>* ..8 OZa] WZZcab`ObSa O\ SfQWbObW]\5 

ZWUVb a]c`QS+QO[S`O 01.( eVWQV WZZc[W\ObSa bVS ;D9a T`][ bVS POQY ]T bVS _cO`bh ]` UZOaa

acPab`ObS ]T bVS aS_cS\QW\U QVW^( O\R OQ_cW`Sa bVS TZc]`SaQS\b aWU\OZ S[WbbSR Pg bVS ;D9a

ZOPSZSR eWbV TZc]`SaQS\b [O`YS`a( a] Oa b] aS_cS\QS bVS POaSa ]T bVS ;D9a*

[00188] =@>* ..9 WZZcab`ObSa O\]bVS` aW[^ZS` [SbV]R T]` Z]ORW\U ;D9a eWbV]cb ^S`T]`[W\U

O ac`TOQS Tc\QbW]\OZWhObW]\ []RWTWQObW]\( eVWQV Wa aW[WZO` b] bVOb aV]e\ W\ =@>* 19 ]T10 

<[P]RW[S\b -* IVS SfQWbObW]\ ZWUVb a]c`QS+QO[S`O 01. WZZc[W\ObSa bVS ;D9a T`][ bVS POQY ]T

bVS _cO`bh ]` UZOaa acPab`ObS ]T bVS aS_cS\QW\U QVW^( O\R OQ_cW`Sa bVS TZc]`SaQS\b aWU\OZ S[WbbSR

Pg bVS ;D9a ZOPSZSR eWbV bVS TZc]`SaQS\b [O`YS (̀ a] Oa b] aS_cS\QS bVS POaSa ]T bVS ;D9a*

[00189] @\ <[P]RW[S\b 0( O aWZWQ]\ ]fWRS ZOgS` Wa TW`ab T]`[SR ]\ O b`O\a^O`S\b _cO`bh eOTS (̀

bVS\ O\ O``Og ]T b`O\aWbW]\ [SbOZ ]fWRS #a^]b# ab`cQbc`Sa Wa T]`[SR ]\ bVS aWZWQ]\ ]fWRS ZOgS (̀15 

O\R bVS ;D9 aO[^ZS Wa Z]ORSR ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS #a^]b# ab`cQbc`Sa* ?]eSdS`( W\ bVWa

S[P]RW[S\b( bVS QO[S`O Wa ^ZOQSR OP]dS bVS POQY ]T bVS _cO`bh acPab`ObS( O\R bVS ZWUVb aWU\OZ

S[WbbSR Pg bVS ;D9a QO\ PS QO^bc`SR Pg bVS QO[S`O ]\Zg OTbS` b`O\a[WbbW\U bV`]cUV bVS

b`O\aWbW]\ [SbOZ ]fWRS ZOgS (̀ bVS aWZWQ]\ ]fWRS ZOgS`( O\R bVS _cO`bh acPab`ObS* IVS`ST]`S( W\

<[P]RW[S\b 0( bVS aWU\OZ W\bS\aWbWSa ]T TZc]`SaQS\QS aWU\OZa( eVWQV O`S S[WbbSR Pg bVS ;D920 

O\R QO\ PS QO^bc`SR Pg bVS QO[S`O OTbS` b`O\a[WbbW\U bV`]cUV bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS (̀

bVS aWZWQ]\ ]fWRS ZOgS`( O\R bVS _cO`bh acPab`ObS ]T RWTTS`S\b bVWQY\SaaSa( O`S QOZQcZObSR O\R

Q][^O`SR* IVS aW[cZObW]\ `SacZba O`S aV]e\ W\ =@>* ..:* LVS\ bVS bVWQY\Saa ]T bVS aWZWQ]\

]fWRS ZOgS` Wa 5, \[ O\R bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa -,)., \[ &bVS

bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` Wa ,'( bVS b`O\a[WbbO\QS ]T TZc]`SaQS\QS S[WbbSR Pg25 

bVS ;D9 aO[^ZS Wa [OfW[WhSR* 8b bVWa bW[S( bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ bVOb VOdS ^OaaSR

bV`]cUV bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS`( aWZWQ]\ ]fWRS ZOgS` O\R _cO`bh acPab`ObS Wa bVS VWUVSab(

eVWQV Wa QZ]aS b] -,,$*

[00190] 5TJVLQTMU[ +0 <M[PVL NVY TIU\NIK[\YQUO I JIKR$QSS\TQUI[ML ZMX\MUKQUO KPQW

PI]QUO #^MSS#$Z[Y\K[\YML [YIUZQ[QVU TM[IS V_QLM VU I X\IY[a ^INMY30 
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[00191] As shown in FIG. 23 to FIG. 28, the present embodiment provides cross-sectional 

views of respective processes of a method for manufacturing a back-illuminated sequencing 

chip having "well"-structured transition metal oxide on a quartz wafer. The method of 

Embodiment uses a quartz wafer or any other suitable transparent glass wafer as the substrate, 

and prepares a patterned transition metal oxide layer with patterned "well" structures on the 5 

substrate wafer. The chip is assembled in such a manner that the patterned layer faces downward, 

and thus the excitation light source/camera excites the DNBs and acquires the fluorescence 

signal from the back of the chip, i.e., through the quartz wafer substrate. 

[00192] FIG. 23 is a cross-sectional view of a wafer structure 5-10, in which a silicon oxide 

layer and a transition metal oxide layer are formed on a bare wafer. The forming process thereof 10 

is similar to that described in Embodiment 2 with reference to FIG. 6. 

[00193] FIG. 24 is a cross-sectional view of a wafer 5-20, in which a silicon oxide layer 

having patterned "well" structures is formed on the transition metal oxide layer of the wafer 5-

10 as shown in FIG. 23. The forming process thereof is similar to that described in Embodiment 

2 with reference to FIG. 7. 15 

[00194] FIG. 25 is a cross-sectional view of multiple individual chips 5-30 formed after the 

wafer structure 5-20 of FIG. 24 is subjected to a dicing process. In this figure, the dicing process 

is similar to that in described in Embodiment 1 with reference to FIG. 2. 

[00195] FIG. 26 is a cross-sectional view of a sequencing chip 5-40 formed after one single 

chip shown in FIG. 25 is subjected to a packaging process. In this process step, the sequencing 20 

chip is assembled with and attached to a frame 431 including a liquid inlet and outlet 432 in 

such a manner that the patterned layer faces downward, and a fluid channel 433 is formed 

between the frame and the patterned layer on the chip. In this figure, the process of assembling 

is similar to that described in Embodiment 3 with reference to FIG. 20. 

[00196] FIG. 27 is a cross-sectional view of a sequencing chip 5-50 formed after the 25 

sequencing chip 5-40 shown in FIG. 26 is subjected to a surface functionalization modification. 

The process of the functionalization modification is similar to that described in Embodiment 1 

with reference to FIG. 4. 

[00197] FIG. 28A is a cross-sectional view of a sequencing chip 5-60A with a DNB array 

formed after DNBs are loaded on the sequencing chip 5-50 shown in FIG. 27, which has been 30 
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acPXSQbSR b] O Tc\QbW]\OZWhObW]\ []RWTWQObW]\* IVS ^`]QSaa ]T Z]ORW\U ;D9a Wa aW[WZO` b] bVOb

RSaQ`WPSR W\ <[P]RW[S\b - eWbV `STS`S\QS b] =@>* 18* IVWa TWUc`S OZa] aV]ea O\ SfQWbObW]\

ZWUVb a]c`QS+QO[S`O 12.( eVWQV WZZc[W\ObSa bVS ;D9 O\R OQ_cW`Sa bVS TZc]`SaQS\b aWU\OZ S[WbbSR

Pg bVS ;D9a ZOPSZSR eWbV TZc]`SaQS\b [O`YS`a T`][ bVS POQY ]T bVS _cO`bh ]` UZOaa acPab`ObS ]T

bVS aS_cS\QW\U QVW^( a] Oa b] aS_cS\QS bVS POaSa ]T bVS ;D9a*5 

[00198] =@>* .49 Wa O\]bVS` aW[^ZS` [SbV]R T]` Z]ORW\U ;D9a eWbV]cb ^S`T]`[W\U O ac`TOQS

Tc\QbW]\OZWhObW]\ []RWTWQObW]\( eVWQV Wa aW[WZO` b] =@>* 19 W\ <[P]RW[S\b -* IVS SfQWbObW]\

ZWUVb a]c`QS+QO[S`O 12. WZZc[W\ObSa bVS ;D9a O\R OQ_cW`Sa bVS TZc]`SaQS\QS aWU\OZ S[WbbSR Pg

bVS ;D9a ZOPSZSR eWbV TZc]`SaQS\b [O`YS`a T`][ bVS POQY ]T bVS _cO`bh ]` UZOaa acPab`ObS ]T bVS

aS_cS\QW\U QVW^( a] Oa b] aS_cS\QS bVS POaSa ]T bVS ;D9a*10 

[00199] @\ <[P]RW[S\b 1( O TW`ab aWZWQ]\ ]fWRS ZOgS` Wa TW`ab T]`[SR ]\ bVS _cO`bh eOTS`( O

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa bVS\ T]`[SR ]\ bVS TW`ab aWZWQ]\ ]fWRS ZOgS (̀ O\R O aSQ]\R aWZWQ]\

]fWRS ZOgS` eWbV O``OgSR ieSZZj ab`cQbc`Sa Wa T]`[SR ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS *̀ @\ bVWa

QOaS( bVS ;D9 aO[^ZS Wa OZa] Z]ORSR ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` W\ bVS #eSZZ# ab`cQbc`Sa(

O\R bVS ZWUVb aWU\OZ S[WbbSR Pg bVS ;D9 aO[^ZS QO\ PS QO^bc`SR Pg bVS QO[S`O ^ZOQSR OP]dS15 

bVS POQY ]T bVS _cO`bh acPab`ObS OTbS` b`O\a[WbbW\U bV`]cUV bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS (̀ bVS

TW`ab aWZWQ]\ ]fWRS ZOgS (̀ O\R bVS _cO`bh acPab`ObS* @\ bVWa QOaS( W\TZcS\QSa ]T RWTTS`S\b bVWQY\SaaSa

]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` ]\ bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ b`O\a[WbbSR bV`]cUV bVS

bVW\ TWZ[ ZOgS`a O`S aW[cZObSR eVS\ bVS bVWQY\Saa ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS` Wa 5, \[ O\R

bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa -, \[ ]` ., \[* IVS aW[cZObW]\ `SacZba O`S20 

aV]e\ W\ =@>* .4:* LVS\ bVS bVWQY\Saa ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS` Wa bVS aO[S Oa bVS

bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS`( O\ W\bS\aWbg ]T bVS TZc]`SaQS\QS aWU\OZ eVS\ bVS

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` VOa O bVWQY\Saa ]T -, \[ Wa VWUVS` bVO\ bVOb eVS\ bVS b`O\aWbW]\

[SbOZ ]fWRS ZOgS` VOa O bVWQY\Saa ]T ., \[* LVS\ bVS bVWQY\Saa ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS`

O\R bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` O`S Q]\abO\b( bVS W\bS\aWbg ]T TZc]`SaQS\QS25 

aWU\OZ b`O\a[WbbSR bV`]cUV bVS bVW\ TWZ[ ZOgS`a R]Sa \]b W\Q`SOaS ]` RSQ`SOaS []\]b]\]caZg eWbV

O\ W\Q`SOaS W\ bVS bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS`( Pcb bVS W\bS\aWbg ]T TZc]`SaQS\QS

aWU\OZ bS\Ra b] QVO\US c\RS` RWTTS`S\b eOdSZS\UbVa* @\ bVWa QOaS( eVS\ bVS bVWQY\Saa ]T bVS

aSQ]\R aWZWQ]\ ]fWRS ZOgS` `O\USa T`][ -,, \[ b] .,, \[( Wb QO\ PS S\ac`SR bVOb bVS #eSZZ#

ab`cQbc`Sa VOdS O\ O^^`]^`WObS RS^bV T]` Z]ORW\U ;D9a( O\R bVS QO[S`O QO\ OQ_cW`S TZc]`SaQS\QS30 
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aWU\OZa eWbV O `SZObWdSZg VWUVS` W\bS\aWbg*

[00200] 5TJVLQTMU[ ,0 1UV[PMY TM[PVL NVY TIU\NIK[\YQUO I JIKR$QSS\TQUI[ML

ZMX\MUKQUO KPQW PI]QUO #^MSS#$Z[Y\K[\YML [YIUZQ[QVU TM[IS V_QLM VU I X\IY[a ^INMY

[00201] 8a aV]e\ W\ =@>H* .5)/0( bVS ^`SaS\b S[P]RW[S\b ^`]dWRSa Q`]aa)aSQbW]\OZ dWSea

W\ bVS ^`]QSaa ]T bVS `Sa^SQbWdS abS^a ]T O [SbV]R T]` [O\cTOQbc`W\U O POQY)WZZc[W\ObSR5 

aS_cS\QW\U QVW^ VOdW\U #eSZZ#)ab`cQbc`SR b`O\aWbW]\ [SbOZ ]fWRS ]\ O _cO`bh eOTS *̀ IVWa [SbV]R

RWTTS`a T`][ bVS [SbV]R ]T <[P]RW[S\b 1 W\ bVOb( W\ bVWa [SbV]R( O ^ObbS`\SR b`O\aWbW]\ [SbOZ

]fWRS ZOgS` 2-/ Wa T]`[SR ]\ O aWZWQ]\ ]fWRS ZOgS` 2-. ]T O eOTS` 2--( eVWZS O b`O\aWbW]\ [SbOZ

]fWRS ZOgS` Wa T]`[SR ]dS` bVS S\bW`S eOTS` W\ bVS [SbV]R ]T <[P]RW[S\b 1( Oa aV]e\ W\ =@>*

.5 O\R =@>* ./ T]` Q][^O`Wa]\*10 

[00202] =@>* .5 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O eOTS` ab`cQbc`S 2)-, W\QZcRW\U O ^ObbS`\SR

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` 2-/( O\R O T]`[W\U ^`]QSaa bVS`S]T Wa aW[WZO` b] bVOb RSaQ`WPSR OP]dS

eWbV `STS`S\QS b] =@>* -*

[00203] =@>* /, Wa O Q`]aa)aSQbW]\OZ dWSe ]T O eOTS` ab`cQbc`S 2).,( W\ eVWQV O aWZWQ]\ ]fWRS

ZOgS` 2.- VOdW\U ^ObbS`\SR #eSZZ# ab`cQbc`Sa 2.. Wa T]`[SR ]\ bVS eOTS` 2)-, W\QZcRW\U O15 

^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Oa aV]e\ W\ =@>* .5* 8 T]`[W\U ^`]QSaa bVS`S]T Wa aW[WZO`

b] bVOb RSaQ`WPSR W\ <[P]RW[S\b . eWbV `STS`S\QS b] =@>* 3( W\ eVWQV bVS ieSZZj ab`cQbc`Sa 2..

]T bVS aWZWQ]\ ]fWRS ZOgS` Q]``Sa^]\R b] bVS ^ObbS`\SR ia^]baj ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS`

2-/ W\ ]\S)b])]\S Q]``Sa^]\RS\QS( O\R bVS aWZWQ]\ ]fWRS ZOgS` Wa VWUVS` bVO\ bVS b`O\aWbW]\ [SbOZ

]fWRS ZOgS` b] T]`[ O\ O``Og ]T ^ObbS`\SR #eSZZ# ab`cQbc`Sa ]\ bVS eOTS` ac`TOQS( O\R bVS20 

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` 2-/ Wa Sf^]aSR Ob O P]bb][ ]T bVS #eSZZ# ab`cQbc`S*

[00204] =@>* /- Wa O Q`]aa)aSQbW]\OZ dWSe ]T [cZbW^ZS W\RWdWRcOZ QVW^a 2)/, aS^O`ObSR Pg O

QcbbW\U aZ]b 2/- T]`[SR OTbS` bVS eOTS` ab`cQbc`S 2)., aV]e\ W\ =@>* /, Wa acPXSQbSR b] O RWQW\U

^`]QSaa* IVS RWQW\U ^`]QSaa Wa aW[WZO` b] bVOb RSaQ`WPSR W\ <[P]RW[S\b . eWbV `STS`S\QS b] =@>*

4*25 

[00205] =@>* /. Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ 2)0, T]`[SR OTbS` ]\S aW\UZS

QVW^ aV]e\ W\ =@>* /- Wa S\QO^acZObSR* 8 ^`]QSaa ]T ^OQYOUW\U W\ bVWa TWUc`S Wa aW[WZO` b] bVOb

aV]e\ W\ =@>* .2 ]T <[P]RW[S\b 1*

[00206] =@>* // Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ 2)1, T]`[SR OTbS` bVS

aS_cS\QW\U QVW^ 2)0, aV]e\ W\ =@>* /. Wa acPXSQbSR b] O ac`TOQS Tc\QbW]\OZWhObW]\ []RWTWQObW]\*30 
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8 ^`]QSaa ]T bVS Tc\QbW]\OZWhObW]\ []RWTWQObW]\ Wa aW[WZO` b] bVOb RSaQ`WPSR W\ <[P]RW[S\b -

eWbV `STS`S\QS b] =@>* 0*

[00207] =@>* /08 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ 2)2,8 eWbV O ;D9 O``Og

T]`[SR OTbS` ;D9a O`S Z]ORSR ]\ bVS aS_cS\QW\U QVW^ 2)1, aV]e\ W\ =@>* //( eVWQV VOa PSS\

acPXSQbSR b] O Tc\QbW]\OZWhObW]\ []RWTWQObW]\* 8 ^`]QSaa ]T Z]ORW\U ;D9a Wa aW[WZO` b] bVOb5 

RSaQ`WPSR W\ <[P]RW[S\b - eWbV `STS`S\QS b] =@>* 18* IVWa TWUc`S OZa] WZZcab`ObSa O\ SfQWbObW]\

ZWUVb a]c`QS+QO[S`O 22.( eVWQV WZZc[W\ObSa bVS ;D9a O\R OQ_cW`Sa bVS TZc]`SaQS\b aWU\OZ

S[WbbSR Pg bVS ;D9a ZOPSZSR eWbV TZc]`SaQS\b [O`YS`a T`][ bVS POQY ]T bVS _cO`bh ]` UZOaa

acPab`ObS ]T bVS aS_cS\QW\U QVW^( a] Oa b] aS_cS\QS bVS POaSa ]T bVS ;D9a*

[00208] =@>* /09 Wa O\]bVS` aW[^ZS` [SbV]R T]` Z]ORW\U ;D9a eWbV]cb ^S`T]`[W\U O ac`TOQS10 

Tc\QbW]\OZWhObW]\ []RWTWQObW]\( eVWQV Wa aW[WZO` b] bVOb RSaQ`WPSR W\ <[P]RW[S\b - eWbV

`STS`S\QS b] =@>* 19* IVS SfQWbObW]\ ZWUVb a]c`QS+QO[S`O 22. WZZc[W\ObSa bVS ;D9a O\R OQ_cW`Sa

bVS TZc]`SaQS\b aWU\OZ S[WbbSR Pg bVS ;D9a ZOPSZSR eWbV TZc]`SaQS\b [O`YS`a T`][ bVS POQY ]T

bVS _cO`bh ]` UZOaa acPab`ObS ]T bVS aS_cS\QW\U QVW^( a] Oa b] aS_cS\QS bVS POaSa ]T bVS ;D9a*

[00209] @\ <[P]RW[S\b 2( O TW`ab aWZWQ]\ ]fWRS ZOgS` Wa T]`[SR ]\ bVS _cO`bh eOTS (̀ bVS\ O15 

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` VOdW\U O``OgSR #a^]b# ab`cQbc`Sa Wa T]`[SR ]\ bVS TW`ab aWZWQ]\ ]fWRS

ZOgS (̀ O\R bVS\ O aSQ]\R aWZWQ]\ ]fWRS ZOgS` VOdW\U O``OgSR #eSZZ# ab`cQbc`Sa Wa T]`[SR OP]dS

bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS *̀ IVS #eSZZ# ab`cQbc`Sa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS`

Q]``Sa^]\R b] bVS #a^]b# ab`cQbc`Sa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS (̀ O\R bVS b`O\aWbW]\ [SbOZ

]fWRS #a^]b# Wa Z]QObSR Ob O P]bb][ ]T bVS #eSZZ# ab`cQbc`S ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS *̀ @\20 

bVWa QOaS( bVS ;D9 aO[^ZS Wa OZa] Z]ORSR ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` W\ bVS #eSZZ#

ab`cQbc`Sa( O\R bVS ZWUVb aWU\OZ S[WbbSR Pg bVS ;D9 aO[^ZS Wa QO^bc`SR Pg bVS QO[S`O ^ZOQSR

OP]dS bVS POQY ]T bVS _cO`bh acPab`ObS OTbS` b`O\a[WbbW\U bV`]cUV bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS (̀

bVS TW`ab aWZWQ]\ ]fWRS ZOgS`( O\R bVS _cO`bh acPab`ObS*

[00210] @\ bVWa QOaS( W\TZcS\QSa ]T RWTTS`S\b bVWQY\SaaSa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` ]\25 

bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ O`S TW`ab aW[cZObSR eVS\ bVS bVWQY\Saa ]T bVS TW`ab aWZWQ]\

]fWRS ZOgS` Wa 5, \[( O\R bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Wa -, \[ ]` ., \[*

IVS aW[cZObW]\ `SacZba O`S aV]e\ W\ =@>* /0:* LVS\ bVS bVWQY\Saa ]T bVS TW`ab aWZWQ]\ ]fWRS

ZOgS` O\R bVS bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` O`S bVS aO[S( bVS W\bS\aWbg ]T

TZc]`SaQS\QS aWU\OZ ]T O ab`cQbc`S W\QZcRW\U O b`O\aWbW]\ [SbOZ ]fWRS ZOgS` eWbV O bVWQY\Saa ]T -,30 
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\[ Wa OZa] VWUVS` bVO\ bVOb ]T O ab`cQbc`S W\QZcRW\U O b`O\aWbW]\ [SbOZ ]fWRS ZOgS` eWbV O bVWQY\Saa

]T ., \[* LVS\ bVS bVWQY\Saa ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS` O\R bVS bVWQY\Saa ]T bVS b`O\aWbW]\

[SbOZ ]fWRS ZOgS` O`S Q]\abO\b( bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ b`O\a[WbbSR bV`]cUV bVS bVW\

TWZ[ ZOgS` R]Sa \]b W\Q`SOaS ]` RSQ`SOaS []\]b]\]caZg eWbV O\ W\Q`SOaS W\ bVS bVWQY\Saa ]T bVS

aSQ]\R aWZWQ]\ ]fWRS ZOgS (̀ Pcb bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ bS\Ra b] QVO\US c\RS`5 

RWTTS`S\b eOdSZS\UbVa* @\ bVWa QOaS( eVS\ bVS bVWQY\Saa ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` `O\USa

T`][ -,, \[ b] .,, \[( Wb QO\ PS S\ac`SR bVOb bVS #eSZZ# ab`cQbc`Sa VOdS O\ O^^`]^`WObS RS^bV

T]` Z]ORW\U ;D9a( O\R bVS QO[S`O QO\ OQ_cW`S TZc]`SaQS\QS aWU\OZa eWbV O `SZObWdSZg VWUVS`

W\bS\aWbg*

[00211] 5TJVLQTMU[ -0 <M[PVL NVY TIU\NIK[\YQUO I ZMX\MUKQUO KPQW PI]QUO #ZWV[#$10 

Z[Y\K[\YML VY #^MSS#$Z[Y\K[\YML [YIUZQ[QVU TM[IS V_QLM VU I 3<>B ^INMY

[00212] 8a aV]e\ W\ =@>H* /1)0-( bVS ^`SaS\b S[P]RW[S\b ^`]dWRSa O [SbV]R T]`

[O\cTOQbc`W\U O aS_cS\QW\U QVW^ VOdW\U b`O\aWbW]\ [SbOZ ]fWRS #a^]b# ]` #eSZZ# ab`cQbc`Sa

O``O\USR W\ O``Og ]\ O :CEH eOTS *̀ IVWa [SbV]R RWTTS`a T`][ bVS T]`SU]W\U [SbV]Ra W\ bVOb(

bVWa [SbV]R `S_cW`Sa \] SfbS`\OZ SfQWbObW]\ ZWUVb a]c`QS+QO[S`O RSdWQS( eVWZS OZZ bVS T]`SU]W\U15 

[SbV]Ra S[^Z]ga O\ SfbS`\OZ SfQWbObW]\ ZWUVb a]c`QS+QO[S`O( O\R VS SfQWbObW]\ ZWUVb eWbV O

a^SQWTWQ eOdSZS\UbV O\R S\S`Ug S[WbbSR Pg bVS SfbS`\OZ SfQWbObW]\ ZWUVb a]c`QS SfQWbSa bVS ;D9a

ZOPSZSR eWbV TZc]`SaQS\b [O`YS`a b] S[Wb ZWUVb ]T O a^SQWTWQ eOdSZS\UbV O\R S\S`Ug( O\R bVS ZWUVb

aWU\OZ S[WbbSR Pg bVS ;D9a Wa QO^bc`SR Pg bVS QO[S`O T]` aS_cS\QW\U* IVS :CEH eOTS` caSR

W\ bVWa [SbV]R Wa O :CEH eOTS` eWbV O\ W[OUS aS\a]` Tc\QbW]\* <OQV eOTS` [Og VOdS Vc\R`SRa20 

b] bV]caO\Ra ]T W[OUS aS\a]` QVW^a( O\R SOQV W[OUS aS\a]` QVW^ QO\ VOdS [WZZW]\a b] bS\a ]T

[WZZW]\a ]T ^WfSZa &O\R ^V]b]SZSQb`WQ RW]RS O``Og'* IVS W[OUS aS\a]` QVW^a QO\ PS Q]\TWUc`SR b]

aS\aS SfbS`\OZ ZWUVb aWU\OZa ]T RWTTS`S\b W\bS\aWbWSa O\R Q]\dS`b bVS[ W\b] Q]``Sa^]\RW\U

SZSQb`WQOZ aWU\OZa* IVS ;D9a ZOPSZSR eWbV TZc]`SaQS\b [O`YS`a O`S aSZSQbWdSZg Z]ORSR ]\ bVS

^V]b]RW]RS O``Og ]\ bVS W[OUS aS\a]` QVW^ b] T]`[ O ;D9 O``Og Q]``Sa^]\RW\U b] bVS25 

^V]b]RW]RS O``Og W\ ]\S)b])]\S Q]``Sa^]\RS\QS( O\R bVS ;D9a S[Wb ZWUVb eWbV PW]Z]UWQOZ ]`

QVS[WQOZ [SbV]Ra &eWbV]cb caW\U O\ SfbS`\OZ SfQWbObW]\ ZWUVb a]c`QS'( O\R bVS ;D9 O``Og Z]ORSR

]\ bVS W[OUS aS\a]` QVW^ QO\ PS aS_cS\QSR Pg WRS\bWTgW\U ZWUVb aWU\OZa ]T bVS W[OUS aS\a]` QVW^

Ob RWTTS`S\b bW[Sa O\R Ob RWTTS`S\b ^WfSZa*

[00213] =@>* /1 Wa O aQVS[ObWQ RWOU`O[ ]T O Q`]aa aSQbW]\ ]T ]\S :CEH W[OUS aS\a]` eOTS`30 
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7-10. Those skilled in the art should recognize that one CMOS wafer may have a plurality of 

chips, and only two chips 71 and 72 are schematically shown in this figure. As shown in FIG. 

35, the CMOS image sensor wafer includes a photosensitive layer 73, an interconnection layer 

74, a substrate layer 75, and a dielectric film layer 717 on the photosensitive layer 73. The 

dielectric film layer is usually formed by stacking a hafnium dioxide film and a tantalum 5 

pentoxide film, and a silicon oxide layer 718 is located on the dielectric film layer 717. The 

photosensitive layer 73 includes a photosensitive part 716 formed in a semiconductor material 

715, and the photosensitive part 716 may be a photodiode. The semiconductor material layer 

715 can be made of any suitable material, such as silicon, III-V family materials on silicon, 

graphene on silicon, silicon on insulator, and combinations thereof. Although the photodiode 10 

716 is described in the present disclosure, it should be understood that any suitable 

photosensitive structures can be applied in the present disclosure. The photodiode 716 can 

convert a measured light signal into a current signal. The photodiode 716 may include a source 

and a drain of one metal oxide semiconductor (MOS) transistor, which can transmit the current 

to other components, such as to another MOS transistor. Other components, such as reset 15 

transistors, current source followers, or row selectors configured to convert current values into 

digital signals, may also be included. A CMOS graphic sensor 7-10 may also include a dielectric 

layer, and it should be noted that this dielectric layer may include any suitable electrical 

insulating material. The interconnection layer 74 includes a metal wiring 714 formed in a 

dielectric layer 713, the metal wiring 714 can be used for internal interconnection of integrated 20 

circuit materials and also for electrical connection to the outside. The substrate layer 75 includes 

a silicon substrate 711 and a CMOS processing circuit layer 712. The CMOS processing circuit 

layer may include a CMOS circuit required for sequencing operations. For example, the CMOS 

processing circuit layer 712 may include circuits for image processing, signal processing, 

control functions for sequencing operations, and external communication. The CMOS 25 

processing circuit 712 processes photosensitive signals sensed by the photosensitive layer 73 

into electrical signals, and transmits the electrical signals to an external device through 

interconnection silicon through-holes 720 and pads 719. 

[00214] Those skilled in the art should appreciate that the structure of the CMOS image 

sensor chip described in the present disclosure is merely illustrative, but is not restrictive, and 30 
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W[OUS aS\a]` QVW^a VOdW\U O\g ab`cQbc`Sa QO\ PS caSR W\ bVS ^`SaS\b RWaQZ]ac`S*

[00215] IVS\( Oa RSaQ`WPSR PSZ]e eWbV `STS`S\QS b] =@>* /28( =@>* /29( O\R =@>* /2:( O

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` VOdW\U O``OgSR #a^]b# ]` #eSZZ# ab`cQbc`Sa Wa T]`[SR ]\ bVS :CEH

W[OUS aS\a]` eOTS` 3)-, aV]e\ W\ =@>* /1*

[00216] =@>* /28 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O :CEH eOTS` 3).,8 T]`[SR OTbS` O ^ObbS`\SR5 

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` VOdW\U #a^]b# ab`cQbc`Sa Wa T]`[SR ]\ bVS :CEH W[OUS aS\a]`

eOTS` 3)-, aV]e\ W\ =@>* /1* IVS T]`[W\U ^`]QSaa bVS`S]T W\ bVWa TWUc`S Wa aW[WZO` b] bVOb

RSaQ`WPSR W\ <[P]RW[S\b - eWbV `STS`S\QS b] =@>* -( SfQS^b bVOb bVS eOTS` W\ bVWa TWUc`S Wa O

:CEH eOTS`( O\R bVS b`O\aWbW]\ [SbOZ ]fWRS `SUW]\a 3.- W\ T]`[ ]T #a^]b# ab`cQbc`Sa O`S

RWab`WPcbSR OP]dS bVS ^V]b]RW]RS O``Og 3-2*10 

[00217] =@>* /29 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O :CEH eOTS` ab`cQbc`S 3).,9 T]`[SR OTbS`

O ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS ZOgS` VOdW\U #eSZZ# ab`cQbc`Sa Wa T]`[SR ]\ bVS :CEH W[OUS

aS\a]` eOTS` 3)-, aV]e\ W\ =@>* /1* IVS T]`[W\U ^`]QSaa bVS`S]T W\ bVWa TWUc`S Wa aW[WZO` b] bVOb

W\ <[P]RW[S\b . RSaQ`WPSR eWbV `STS`S\QS b] =@>* 2 O\R =@>* 3( SfQS^b bVOb bVS eOTS` W\ bVWa

TWUc`S Wa O :CEH eOTS`( O\R bVS b`O\aWbW]\ [SbOZ ]fWRS `SUW]\a 3.0 W\ T]`[ ]T #eSZZ# ab`cQbc`Sa15 

O`S RWab`WPcbSR OP]dS bVS ^V]b]RW]RS O``Og 3-2*

[00218] =@>* /2: Wa O Q`]aa)aSQbW]\OZ dWSe ]T O :CEH eOTS` ab`cQbc`S 3).,: T]`[SR OTbS`

O\]bVS` ^ObbS`\SR b`O\aWbW]\ [SbOZ ]fWRS ZOgS` VOdW\U #eSZZ# ab`cQbc`Sa Wa T]`[SR ]\ bVS :CEH

W[OUS aS\a]` eOTS` 3)-, aV]e\ W\ =@>* /1* IVS T]`[W\U ^`]QSaa bVS`S]T W\ =@>* /2: Wa aW[WZO`

b] bVOb W\ <[P]RW[S\b . RSaQ`WPSR eWbV `STS`S\QS b] =@>* -. O\R =@>* -/( SfQS^b bVOb bVS eOTS`20 

W\ bVWa TWUc`S Wa O :CEH eOTS`( O\R bVS b`O\aWbW]\ [SbOZ ]fWRS `SUW]\a 3.3 W\ T]`[ ]T #eSZZ#

ab`cQbc`Sa O`S RWab`WPcbSR OP]dS bVS ^V]b]RW]RS O``Og 3-2*

[00219] =@>* /3 Wa O Q`]aa)aSQbW]\OZ dWSe ]T [cZbW^ZS W\RWdWRcOZ QVW^a 3)/, aS^O`ObSR Pg O

QcbbW\U aZ]b 3/- T]`[SR OTbS` bVS :CEH eOTS` 3).,8 VOdW\U bVS ^ObbS`\SR b`O\aWbW]\ [SbOZ

]fWRS ZOgS` Oa aV]e\ W\ =@>* /28 Wa acPXSQbSR b] O RWQW\U ^`]QSaa* 8a bVS acPaS_cS\b ^`]QSaaSa25 

]T =@>* /28( =@>* /29( ]` =@>* /2: O`S bVS aO[S( [S`SZg bVS ^ObbS`\SR eOTS` aV]e\ W\ =@>*

/28 eWZZ PS bOYS\ T]` RSaQ`W^bW]\ PSZ]e* IVS RWQW\U ^`]QSaa Wa aW[WZO` b] bVOb RSaQ`WPSR W\

<[P]RW[S\b - eWbV `STS`S\QS b] =@>* .*

[00220] =@>* /4 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O QVW^ ab`cQbc`S 3)0, T]`[SR Pg QVW^ ObbOQVW\U

O\R eW`S P]\RW\U eWbV bVS QVW^ aV]e\ W\ =@>* /3* =@>* /4 WZZcab`ObSa TW`ab be] abS^a W\ O\30 
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OaaS[PZg ^`]QSaa ]T aS_cS\QW\U QVW^* =W`ab( ]\S aW\UZS QVW^ Wa ObbOQVSR b] O ^OQYOUS c\RS`ZOg

30- eWbV O UZcS ]` ORVSaWdS* IVS ^OQYOUS c\RS`ZOg 30- QO\ PS O\ B>8 ^OQYOUS c\RS`ZOg* 8

T`]\b aWRS ]T bVS c\RS`ZOg Wa ^`]dWRSR eWbV ^ORa 30. Q]\TWUc`SR b] PS SZSQb`WQOZZg Q]\\SQbSR b]

QVW^a( O\R O POQY aWRS ]T bVS c\RS`ZOg Wa ^`]dWRSR eWbV b]cQV ^]W\ba 30/ Q]\TWUc`SR b] PS

SZSQb`WQOZZg Q]\\SQbSR b] O\ SfbS`\OZ RSdWQS* IVS ^ORa 30. O`S Q]\\SQbSR b] bVS b]cQV ^]W\ba 30/5 

W\ ]\S)b])]\S Q]``Sa^]\RS\QS bV`]cUV bVS eW`W\Ua W\aWRS bVS c\RS`ZOg* IVS\( bVS ^ORa 3-5 ]\

bVS QVW^ O`S SZSQb`WQOZZg Q]\\SQbSR b] bVS ^ORa 30. ]\ bVS c\RS`ZOg bV`]cUV bVS eW`S P]\RW\U(

OZZ]eW\U bVS SZSQb`WQOZ aWU\OZa T`][ bVS QVW^ b] PS b`O\a[WbbSR b] bVS c\RS`ZOg bV`]cUV bVS eW`Sa(

O\R bVS\ b`O\a[WbbSR b] O\ SfbS`\OZ RSdWQS bV`]cUV O\ W\bS`TOQS PSbeSS\ bVS c\RS`ZOg O\R bVS

SfbS`\OZ RSdWQS* @b aV]cZR PS O^^`SQWObSR bVOb bVS c\RS`ZOg RSaQ`WPSR VS`SW\ W\QZcRSa( Pcb Wa \]b10 

ZW[WbSR( b] bVS B>8 bg^S( O\g acWbOPZS ^OQYOUS c\RS`ZOg QO\ PS S[^Z]gSR W\ bVS ^`SaS\b

RWaQZ]ac`S( bVS UZcS ]` ORVSaWdS caSR W\ bVS QVW^ ObbOQVW\U ^`]QSaa OZa] W\QZcRSa( Pcb Wa \]b

ZW[WbSR b]( bVS UZcS ]` ORVSaWdS caSR W\ bVS ^OQYOUW\U ^`]QSaa( O\R bVS [SbOZ Q]\\SQbW]\ eW`S

caSR W\ bVS eW`S P]\RW\U ^`]QSaa OZa] W\QZcRSa( Pcb Wa \]b ZW[WbSR b]( U]ZR eW`S( OZc[W\c[ eW`S(

SbQ*15 

[00221] =@>* /5 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ 3)1, T]`[SR OTbS` O Q]dS`

ab`cQbc`S Wa ObbOQVSR b] bVS QVW^ ab`cQbc`S 3)0, aV]e\ W\ =@>* /4* @\ bVWa TWUc`S( bVS Q]dS`

ab`cQbc`S 31-( eVWQV W\QZcRSa O TZcWR QVO\\SZ 31/( O ZW_cWR W\ZSb O\R ]cbZSb 31.( O\R O ac^^]`bW\U

ab`cQbc`S( Wa ObbOQVSR b] bVS :CEH W[OUS aS\a]` QVW^ O\R bVS c\RS`ZOg bV`]cUV UZcS ]` ORVSaWdS

b] T]`[ O aS_cS\QW\U QVW^* IVS TZcWR QVO\\SZ 31/ Wa T]`[SR ]\ bVS ^ObbS`\SR b`O\aWbW]\ [SbOZ20 

]fWRS ZOgS` b] Q]\TW\S bVS ZW_cWR eWbVW\ O QS`bOW\ a^OQS O\R b] ^`SdS\b bVS ZW_cWR T`][ Q]\bOQbW\U

bVS ^ORa( eW`Sa( O\R ]bVS` S\S`UWhSR O`SOa bVOb O`S Z]QObSR ]cbaWRS bVS TZcWR QVO\\SZ* @b aV]cZR

PS `SQ]U\WhSR bVOb bVS Q]dS` 31- QO\ PS [ORS ]T O\g acWbOPZS [ObS`WOZ &W\QZcRW\U( Pcb \]b ZW[WbSR

b]( F:( F<@( F<<A( FCC8( SbQ* ]T O\g Q]Z]`' O\R [O\cTOQbc`SR eWbV O\g acWbOPZS ^`]QSaaW\U

[SbV]R &W\QZcRW\U( Pcb \]b ZW[WbSR b]( :D:( ]^S\ []ZR W\XSQbW]\( /; ^`W\bW\U( SbQ*'* IV]aS25 

aYWZZSR W\ bVS O`b aV]cZR OZa] O^^`SQWObS bVOb ^VgaWQOZ ab`cQbc`Sa ]T bVS c\RS`ZOg 30- O\R bVS

Q]dS` 31- W\QZcRS( Pcb O`S \]b ZW[WbSR b]( bV]aS aV]e\ W\ bVWa TWUc`S( O\R O\g ^VgaWQOZ ab`cQbc`Sa

VOdW\U bVS Tc\QbW]\a Oa WZZcab`ObSR W\ bVWa TWUc`S aV]cZR PS W\QZcRSR W\ bVS ^`SaS\b RWaQZ]ac`S*

[00222] =@>* 0, Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ 3)2, T]`[SR OTbS` bVS

aS_cS\QW\U QVW^ aV]e\ W\ =@>* /5 Wa acPXSQbSR b] O ac`TOQS Tc\QbW]\OZWhObW]\ []RWTWQObW]\* IVS30 



1/

Tc\QbW]\OZWhObW]\ b`SOb[S\b ^`]QSaa W\ bVWa TWUc`S Wa aW[WZO` b] bVOb RSaQ`WPSR W\ <[P]RW[S\b -

eWbV `STS`S\QS b] =@>* 0*

[00223] =@>* 0-8 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O aS_cS\QW\U QVW^ 3)3,8 eWbV O ;D9 O``Og

T]`[SR OTbS` ;D9a O`S Z]ORSR ]\ bVS aS_cS\QW\U QVW^ 3)2, aV]e\ W\ =@>* 0,( eVWQV VOa PSS\

acPXSQbSR b] O Tc\QbW]\OZWhObW]\ b`SOb[S\b* IVS ^`]QSaa ]T Z]ORW\U ;D9a W\ bVWa TWUc`S Wa aW[WZO`5 

b] bVOb RSaQ`WPSR W\ <[P]RW[S\b - eWbV `STS`S\QS b] =@>* 1( SfQS^b bVOb bVS ;D9a ZOPSZSR eWbV

TZc]`SaQS\b [O`YS`a O`S SfQWbSR b] S[Wb ZWUVb bV`]cUV O PW]Z]UWQOZ ]` QVS[WQOZ [SbV]R W\ bVWa

[SbV]R( `ObVS` bVO\ PSW\U SfQWbSR Pg O\ SfbS`\OZ SfQWbObW]\ ZWUVb a]c`QS* IVS`ST]`S( bVS ZWUVb

S[WbbSR Pg bVS ;D9 O``Og bV`]cUV bVS PW]Z]UWQOZ ]` QVS[WQOZ [SbV]R Wa QO^bc`SR Pg bVS

^V]b]RW]RS O``Og ]\ bVS W[OUS aS\a]` O\R ]cb^cb Oa O\ SZSQb`WQOZ aWU\OZ Pg O ^`]QSaaW\U QW`QcWb*10 

9OaSR ]\ bVS ZWUVb S[WbbSR Pg bVS ;D9 O``Og Ob RWTTS`S\b bW[Sa O\R RWTTS`S\b ^WfSZa

&^V]b]RW]RSa'( bVS POaS aS_cS\QS ]T bVS ;D9a QO\ PS WRS\bWTWSR*

[00224] =@>* 0-9 WZZcab`ObSa O\]bVS` aW[^ZS` [SbV]R T]` Z]ORW\U ;D9a eWbV]cb ^S`T]`[W\U

O ac`TOQS Tc\QbW]\OZWhObW]\* HcQV O Z]ORW\U [SbV]R Wa aW[WZO` b] bVOb RSaQ`WPSR OP]dS eWbV

`STS`S\QS b] =@>* 19( O\R Wb QO\ Q]\dS`b bVS ZWUVb aWU\OZ S[WbbSR Pg bVS ;D9a W\b] W\T]`[ObW]\15 

OP]cb POaS aS_cS\QS ]T bVS ;D9a W\ bVS aO[S [O\\S` Oa RSaQ`WPSR eWbV `STS`S\QS b] =@>* 0-8*

[00225] @\ <[P]RW[S\b 3( aW[WZO` b] bVS T]`SU]W\U S[P]RW[S\ba( bVS b`O\aWbW]\ [SbOZ ]fWRS

ZOgS` O\R bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` T]`[ bV`SS bg^Sa ]T #a^]b# ]` #eSZZ# ab`cQbc`Sa ]\ O

^V]b]aS\aWbWdS ab`cQbc`S)Q]\bOW\W\U :CEH eOTS` ^`]dWRSR eWbV bVS TW`ab aWZWQ]\ ]fWRS ZOgS *̀

IVS bV`SS bg^Sa ]T #a^]b# ]` #eSZZ# ab`cQbc`Sa W\QZcRS6 -* T]`[W\U( ]\ bVS TW`ab aWZWQ]\ ]fWRS ZOgS`(20 

O b`O\aWbW]\ [SbOZ ]fWRS ZOgS` VOdW\U O``OgSR #a^]b# ab`cQbc`Sa( O\R Z]ORW\U ;D9a ]\ bVS #a^]b#

ab`cQbc`Sa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS`7 .* T]`[W\U bVS b`O\aWbW]\ [SbOZ ]fWRS TWZ[ ]\ bVS

TW`ab aWZWQ]\ ]fWRS ZOgS`( T]`[W\U bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` VOdW\U O``OgSR #eSZZ# ab`cQbc`Sa

]\ bVS b`O\aWbW]\ [SbOZ ]fWRS TWZ[( O\R Z]ORW\U ;D9a ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` Ob bVS

P]bb][ ]T SOQV #eSZZ# ab`cQbc`S ]T bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS`7 O\R /* T]`[W\U bVS b`O\aWbW]\25 

[SbOZ ]fWRS ZOgS` VOdW\U O``OgSR #a^]b# ab`cQbc`Sa ]\ bVS TW`ab aWZWQ]\ ]fWRS ZOgS`( bVS\ T]`[W\U

bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` VOdW\U O``OgSR #eSZZ# ab`cQbc`Sa ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS

ZOgS (̀ O\R Z]ORW\U ;D9a ]\ bVS b`O\aWbW]\ [SbOZ ]fWRS ia^]bj ab`cQbc`Sa Z]QObSR Ob bVS P]bb][a

]T bVS ieSZZj ab`cQbc`Sa ]T bVS aWZWQ]\ ]fWRS ZOgS *̀ @\ bVSaS bV`SS bg^Sa ]T #a^]b# ]` #eSZZ#

ab`cQbc`Sa( bVS ZWUVb aWU\OZ S[WbbSR Pg ;D9a QO\ PS OQ_cW`SR Pg O ^V]b]aS\aWbWdS ab`cQbc`S ]\30 
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bVS :CEH eOTS` OTbS` ^OaaW\U bV`]cUV bVS b`O\aWbW]\ [SbOZ ]fWRS( bVS TW`ab aWZWQ]\ ]fWRS ZOgS`(

O\R O\ O\bW)`STZSQbW]\ ZOgS` &8G: ZOgS (̀ cacOZZg [ORS ]T bO\bOZc[ ^S\b]fWRS' O\R O F@D ZOgS`

&cacOZZg [ORS ]T VOT\Wc[ RW]fWRS' ]\ bVS :CEH eOTS *̀ IVca( W\bS\aWbWSa ]T aWU\OZa OQ_cW`SR

Pg bVS ^V]b]aS\aWbWdS ab`cQbc`S OTbS` bVS ZWUVb S[WbbSR Pg bVS ;D9a ^OaaSa bV`]cUV bVSaS TWZ[a

Wa aW[cZObSR* IVS bVWQY\SaaSa ]T bVS F@D ZOgS` O\R bVS 8G: ZOgS` RS^S\R c^]\ bVS ^`]QSaa ]T5 

bVS :CEH eOTS` O\R O`S cacOZZg Q]\abO\b* IVS bVWQY\Saa ]T bVS F@D ZOgS` Wa 2 \[( O\R bVS

bVWQY\Saa ]T bVS 8G: ZOgS` Wa 1, \[* 8QQ]`RW\UZg( T]` bVS OP]dS)[S\bW]\SR bV`SS bg^Sa ]T #a^]b#

]` #eSZZ# ab`cQbc`Sa( bVS W\TZcS\QSa ]T bVS dO`gW\U bVWQY\SaaSa ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS (̀ bVS

b`O\aWbW]\ [SbOZ ]fWRS ZOgS` O\R bVS aSQ]\R aWZWQ]\ ]fWRS ZOgS` ]\ bVS W\bS\aWbg ]T TZc]`SaQS\QS

aWU\OZ O`S aW[cZObSR*10 

[00226] =]` bVS TW`ab aWbcObW]\ RSaQ`WPSR W\ bVS ^`SaS\b S[P]RW[S\b( W*S*( eVS\ bVS TW`ab aWZWQ]\

]fWRS ZOgS` Wa bVS ]\Zg ]\S aWZWQ]\ ]fWRS ZOgS (̀ O `SZObW]\ PSbeSS\ bVS W\bS\aWbg ]T TZc]`SaQS\QS

aWU\OZ O\R bVS bVWQY\Saa ]T bVS TW`ab ]fWRS ZOgS` Wa aW[cZObSR* IVS aW[cZObW]\ `SacZba O`S aV]e\

W\ =@>* 0-:* IVS W\bS\aWbg ]T bVS ZWUVb aWU\OZ Q]ZZSQbSR Pg bVS ^V]b]aS\aWbWdS ab`cQbc`S W\ bVS

:CEH eOTS` RSQ`SOaSa []\]b]\]caZg eWbV O\ W\Q`SOaS W\ bVS bVWQY\Saa ]T bVS TW`ab ]fWRS ZOgS *̀15 

:]\aWRS`W\U O Q][^ObWPWZWbg eWbV bVS SfWabW\U abO\RO`R :CEH ^`]QSaa O\R O `SZWOPWZWbg ]T bVS

Q]``Sa^]\RW\U ^`]RcQb( bVS bVWQY\Saa ]T bVS ]fWRS ZOgS` QO\ PS aSZSQbSR Oa -1,\[*

[00227] LVS\ bVS bVWQY\Saa ]T bVS TW`ab aWZWQ]\ ]fWRS ZOgS` Wa -1, \[( O `SZObW]\ PSbeSS\ bVS

W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ O\R bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` VOdW\U

O``OgSR #a^]b# ab`cQbc`Sa ]\ bVS TW`ab aWZWQ]\ ]fWRS ZOgS` Wa bVS\ aW[cZObSR* IVS aW[cZObW]\ `SacZba20 

O`S aV]e\ W\ =@>* 0-;* IVS W\bS\aWbg ]T bVS ZWUVb aWU\OZ OQ_cW`SR Pg bVS ^V]b]aS\aWbWdS ab`cQbc`S

W\ bVS :CEH eOTS` TZcQbcObSa eWbV O QVO\US ]T bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS *̀

=`][ bVS ^S`a^SQbWdS ]T ^`]QSaa( bVS ]^bW[OZ bVWQY\Saa QO\ PS aSZSQbSR b] `O\US T`][ 0, \[ b]

1, \[*

[00228] IVS\( T]` bVS aSQ]\R aWbcObW]\ W\ <[P]RW[S\b 3( O `SZObW]\ PSbeSS\ bVS bVWQY\Saa ]T25 

bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` TWZ[ O\R bVS W\bS\aWbg ]T TZc]`SaQS\QS aWU\OZ Wa aW[cZObSR b]

RSbS`[W\S bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` TWZ[( eVS\ bVS bVWQY\Saa ]T bVS TW`ab

aWZWQ]\ ]fWRS ZOgS` Wa -1, \[ O\R bVS b`O\aWbW]\ [SbOZ ]fWRS ZOgS` TWZ[ Wa T]`[SR ]\ bVS TW`ab

aWZWQ]\ ]fWRS ZOgS *̀ IVS aW[cZObW]\ `SacZba O`S aV]e\ W\ =@>* 0-<( W\ eVWQV bVS W\bS\aWbg ]T

TZc]`SaQS\QS aWU\OZ TZcQbcObSa O\R dO`WSa eWbV O\ W\Q`SOaS W\ bVS bVWQY\Saa ]T bVS b`O\aWbW]\ [SbOZ30 
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oxide layer film, and the intensity of fluorescence signal is the highest when the thickness is 

10nm to 20 nm. 

[00229] Further, when the second silicon oxide layer having the "well" structures is formed 

thereon, a relation between the thickness of the second silicon oxide layer and the intensity of 

fluorescence signal is simulated. The simulation results are shown in FIG. 41F. When the 5 

thickness of the transition metal oxide layer is fixed, a correlation between the intensity of the 

optical signal acquired from this structure and the thickness of the second oxide layer is 

negligible. Taking fluid requirements for DNA sequencing into account, if the thickness of the 

second oxide layer is too great, the surface structures may be too deep, which may easily lead 

to “fluid dead zones” and affect the quality of sequencing. The appropriate thickness of the 10 

second oxide layer allows DNBs to be tested to fall into the active regions effectively, and the 

thickness of the second oxide layer can be selected to be 50 nm to 100 nm. 

[00230] Embodiment 8: Another packaging method of reusable sequencing chip

[00231] In this embodiment, a new method for packaging a sequencing chip is provided. The 

sequencing chip used in this packaging method can be reused after subjected to a special 15 

processing process, thereby greatly reducing the costs of the sequencing chip. 

[00232] A patterned array of transition metal oxide "spot" or "well" structures is first formed 

on a semiconductor wafer. The structure of such a patterned array can be any one of the 

structures present on the wafers described in the above Embodiments 1 to 3 with reference to 

FIG. 1, FIG. 7, and FIG. 13. In the present embodiment, the structure shown in FIG. 1 of 20 

Embodiment 1 is taken as an example to describe the manufacturing process of the reusable 

sequencing chip, and other structures of sequencing chip described in the present disclosure can 

also be used for manufacturing the reusable sequencing chip with the same packaging process. 

[00233] FIG. 42 is a cross-sectional view of a wafer structure 8-10 including a transition 

metal oxide layer having arrayed "spot" structures, which is the same as that shown in FIG. 1 25 

of Embodiment 1. A silicon oxide layer 812 is formed on a semiconductor wafer substrate 811, 

the transition metal oxide layer 813 having "spot" structures is formed on the silicon oxide layer 

812, and the process and material required in each step are the same as those described in 

Embodiment 1 with reference to FIG. 1. 

[00234] FIG. 43 is a cross-sectional view of a wafer structure 8-20 formed after the wafer 30 
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ab`cQbc`S 4)-, aV]e\ W\ =@>* 0. Wa acPXSQbSR b] O RWQW\U ^`]QSaa b] T]`[ [cZbW^ZS W\RWdWRcOZ

QVW^a 4- O\R 4.* IVS RWQW\U ^`]QSaa Wa aW[WZO` b] bVOb RSaQ`WPSR W\ <[P]RW[S\b - eWbV `STS`S\QS

b] =@>* .*

[00235] =@>* 00 Wa O Q`]aa)aSQbW]\OZ dWSe ]T O `ScaOPZS aS_cS\QW\U QVW^ 4)/, T]`[SR Pg

OaaS[PZW\U ]\S aW\UZS QVW^ 4- ]` 4. T]`[SR W\ =@>* 0/ eWbV O VO\RZS ab`cQbc`S 4/-* IVS VO\RZS5 

ab`cQbc`S 4/- Tc\QbW]\a W\ acQV O [O\\S` bVOb bVS VO\RZS ab`cQbc`S Wa TWfSR b] ]\S aW\UZS QVW^ b]

T]`[ O aS_cS\QW\U QVW^( O\R bVS aS_cS\QW\U QVW^ QO\ PS U`OPPSR O\R b`O\aTS``SR T]` ;D9

Z]ORW\U O\R aS_cS\QW\U Pg [SO\a ]T bVS VO\RZS ab`cQbc`S* =@>* 00 [S`SZg WZZcab`ObSa bVS VO\RZS

ab`cQbc`S W\ O\ #B# aVO^S* IV]aS aYWZZSR W\ bVS O`b aV]cZR c\RS`abO\R bVOb O\g ]bVS` VO\RZS

ab`cQbc`Sa bVOb QO\ OQVWSdS bVS OP]dS Tc\QbW]\a O`S W\QZcRSR W\ bVS ^`SaS\b RWaQZ]ac`S( bVS10 

\c[PS` ]T bVS VO\RZS ab`cQbc`Sa Wa \]b ZW[WbSR W\ bVS ^`SaS\b RWaQZ]ac`S( O\R ]\S aW\UZS QVW^ QO\

PS ^OQYOUSR eWbV [cZbW^ZS VO\RZS ab`cQbc`Sa* IVS [ObS`WOZ ]T bVS VO\RZS ab`cQbc`S QO\ PS

aSZSQbSR T`][ ^ZOabWQa ]` [SbOZa( eVWQV O`S Q][^ObWPZS eWbV ;D9 Z]ORW\U O\R aS_cS\QW\U

`SOUS\ba( Z]e W\ Q]ab( SOag b] ^`]QSaa O\R `SaWabO\b b] OUW\U O\R eSO`W\U* =]` SfO[^ZS( bVS

^ZOabWQa W\QZcRS( Pcb O`S \]b ZW[WbSR b]( ^]Zg[S` ^ZOabWQa acQV Oa ^]ZgSbVS`)SbVS`)YSb]\S(15 

^]ZgQO`P]\ObS( ^]Zg[SbVgZ [SbVOQ`gZObS( SbQ*( O\R bVS [SbOZa W\QZcRS( Pcb O`S \]b ZW[WbSR b](

OZc[W\c[ OZZ]g( abOW\ZSaa abSSZ( SbQ* IVS aW\UZS ]\S QVW^ O\R bVS VO\RZS ab`cQbc`S O`S P]\RSR

b]USbVS` bV`]cUV O a]ZWR ]` ZW_cWR ORVSaWdS* 8\g ]bVS` ORVSaWdSa Q][^ObWPZS eWbV ;D9 Z]ORW\U

O\R aS_cS\QW\U `SOUS\ba QO\ PS caSR W\ bVS ^`SaS\b RWaQZ]ac`S*

[00236] 8a aV]e\ W\ =@>* 01( bVS OaaS[PZSR aS_cS\QW\U QVW^ aV]e\ W\ =@>* 00 Wa W[[S`aSR20 

W\b] O Q]\bOW\S` 40- Q]\bOW\W\U O `SOUS\b 40.* IVS `SOUS\b 40. QO\ PS O\g `SOUS\b `S_cW`SR

Rc`W\U bVS ^`]QSaa ]T QVW^ ac`TOQS []RWTWQObW]\( ;D9 Z]ORW\U( O\R aS_cS\QW\U* @\ bVS ^`]QSaa

]T QVW^ ac`TOQS []RWTWQObW]\( ;D9 Z]ORW\U( O\R aS_cS\QW\U( [cZbW^ZS Q]\bOW\S`a 40- Q]\bOW\W\U

RWTTS`S\b `SOUS\ba 40. [Og PS caSR* 9g U`OPPW\U bVS VO\RZS ab`cQbc`S ]\ bVS aS_cS\QW\U QVW^(

bVS aS_cS\QW\U QVW^ QO\ PS b`O\aTS``SR PSbeSS\ RWTTS`S\b Q]\bOW\S`a O\R `SOUS\ba b] ^S`T]`[25 

RWTTS`S\b `SOQbW]\a* @\ =@>* 01( bVS ;D9)PW\RW\U aWbS &bVS #a^]b# ab`cQbc`S ]T bVS b`O\aWbW]\ [SbOZ

]fWRS ZOgS`' ]\ bVS aS_cS\QW\U QVW^ Wa Z]ORSR eWbV O ;D9* 8\ SfQWbObW]\ ZWUVb a]c`QS+QO[S`O

40/ QO\ PS caSR b] OQ_cW`S ZWUVb aWU\OZa ]T RWTTS`S\b eOdSZS\UbVa O\R S\S`Ug S[WbbSR Pg bVS

;D9( a] Oa b] ^S`T]`[ bVS aS_cS\QW\U ]^S`ObW]\*

[00237] 8TbS` O Q][^ZSbS aS_cS\QW\U ]^S`ObW]\ Wa TW\WaVSR( bVS aS_cS\QW\U QVW^ W\ acQV O30 



13

^OQYOUS ab`cQbc`S QO\ PS b`SObSR O\R `ScaSR* IVS a^SQWTWQ ^`]QSaaW\U [SbV]R Wa RSaQ`WPSR Oa

PSZ]e*

[00238] 8TbS` bVS aS_cS\QW\U Wa TW\WaVSR( bVS aS_cS\QW\U QVW^ Wa ^`S)b`SObSR( bVS VO\RZS

ab`cQbc`S Wa `S[]dSR b] Q][^ZSbSZg Sf^]aS bVS S\bW`S QVW^( O\R bVS\ bVS QVW^ Wa W[[S`aSR W\ O\

H:- eOaVW\U a]ZcbW]\ &HZWRS :ZSO\ -( 1,[C ^]bOaaWc[ VgR`]fWRS a]ZcbW]\ Q]\bOW\W\U I`Wb]\'5 

T]` -, [W\( bVS\ bVS QVW^ eOa bOYS\ ]cb( bVS ac`TOQS ]T bVS QVW^ Wa `S^SObSRZg QZSO\SR / eWbV

RSW]\WhSR eObS` / bW[Sa ]` []`S( O\R bVS QVW^ Wa ^ZOQSR W\ O \Wb`]US\ ab`SO[ b] PS R`WSR

Q][^ZSbSZg*

[00239] IVS H:- eOaVW\U a]ZcbW]\ QO\ PS `S^ZOQSR Pg O\ H:. eOaVW\U a]ZcbW]\* IVS a^SQWTWQ

]^S`ObW]\ abS^a O`S Oa PSZ]e* IVS VO\RZS ab`cQbc`S Wa `S[]dSR T`][ bVS aS_cS\QW\U QVW^ OTbS`10 

aS_cS\QW\U( bVS QVW^ Wa ^ZOQSR W\ bVS H:. eOaVW\U a]ZcbW]\ &HZWRS :ZSO\ .( O [Wfbc`S ]T

O[[]\Wc[ VgR`]fWRS O\R VgR`]US\ ^S`]fWRS W\ O QS`bOW\ `ObW]'( bVS eOaVW\U a]ZcbW]\ Wa VSObSR

b] 4, Æ O\R YSS^a bVS QVW^ T]` 1 [W\( bVS\ bVS QVW^ Wa bOYS\ ]cb O\R `S^SObSRZg QZSO\SR bV`SS

bW[Sa ]` []`S eWbV RSW]\WhSR eObS`( O\R bVS QVW^ Wa ^ZOQSR W\ O \Wb`]US\ ab`SO[ b] PS R`WSR

Q][^ZSbSZg*15 

[00240] IVS QZSO\W\U eWbV bVS eOaVW\U a]ZcbW]\ RSaQ`WPSR OP]dS QO\ PS `S^ZOQSR Pg ^ZOa[O

R`gW\U( eVWQV W\QZcRSa6 OTbS` bVS aS_cS\QW\U( ^ZOQW\U bVS aS_cS\QW\U QVW^ W\ O\ O`U]\ ^ZOa[O

Ob[]a^VS`S T]` /, [W\cbSa( bOYW\U ]cb( QZSO\W\U bVS QVW^ eWbV RSW]\WhSR eObS` b] `S[]dS Rcab(

O\R ^ZOQW\U bVS QVW^ W\ O \Wb`]US\ ab`SO[ b] R`g Q][^ZSbSZg*

[00241] 5TJVLQTMU[ /0 6VYTI[QVU VN I TQKYVIYYI` J` KPIUOQUO SVILQUO KVULQ[QVUZ20 

^Q[PV\[ KPQW Z\YNIKM TVLQNQKI[QVU

[00242] 8 aWZWQ]\ RW]fWRS ac`TOQS Wa caSR b] aW[cZObS bVS \]\)PW\RW\U aWbS `SUW]\( O\R

b`O\aWbW]\ [SbOZ ]fWRS ac`TOQS ]T bWbO\Wc[ RW]fWRS ]` bO\bOZc[ ^S\b]fWRS Wa caSR b] aW[cZObS bVS

PW\RW\U aWbS `SUW]\* bWbO\Wc[ RW]fWRS* IVS bV`SS bg^Sa ]T ac`TOQSa O`S QZSO\SR Pg caW\U O ^ZOa[O

QZSO\S`( O\R bVS\ Tc`bVS` QZSO\SR eWbV SbVO\]Z* 8 ;D9 a]ZcbW]\ &-2,9F( -,\U+rZ'( eVWQV Wa25 

Q]\RWbW]\OZZg ]^bW[WhSR Pg QVO\UW\U ^? O\R O ac`TOQbO\b Q]\bS\b ]T bVS a]ZcbW]\( Wa caSR b] Z]OR

;D9a ]\ bVS ac`TOQS ]T bVS QVW^* 8TbS` bVS Z]ORW\U ]T ;D9a Wa Q][^ZSbSR( bVS ;D9a O`S

TZc]`SaQS\bZg ZOPSZSR caW\U Qg/ RgS( O\R bVS\ bVS ac`TOQS ]T bVS QVW^ Wa O\OZghSR eWbV O

TZc]`SaQS\QS [WQ`]aQ]^S* IVS `SacZba O`S aV]e\ W\ =@>* 02( W\ eVWQV bVS P`WUVb a^]ba O`S bVS

Z]ORSR ;D9a( bVS PZOQY ZW\Sa O`S bVS O`SO eVS`S bVS \]\)Tc\QbW]\OZ `SUW]\a O`S `SZObWdSZg30 
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Q]\QS\b`ObSR O\R O RS\aWbg ]T bVS Tc\QbW]\OZ `SUW]\a Wa `SZObWdSZg Z]eS (̀ W*S*( \]b ORa]`PW\U ;D9a*

8 aS_cS\QW\U QVW^ Wa T]`[SR Pg OaaS[PZW\U acQV O QVW^ OQQ]`RW\U b] bVS OT]`S[S\bW]\SR

^OQYOUW\U [SbV]R( O\R bVS aS_cS\QW\U QVW^ Wa ^ZOQSR ]\ O NSP`O ^ZObT]`[ T]` aS_cS\QW\U* IVS

aS_cS\QW\U `SacZba O`S aV]e\ W\ =@>* 03* IVS ;D9 Z]ORW\U caW\U bVS \Se b`O\aWbW]\ [SbOZ ]fWRS

O``Og QVW^ VOa VWUVS` Z]ORW\U acQQSaa `ObS &>GG dOZcS' bVO\ bVOb caW\U bVS QVW^ [O\cTOQbc`SR5 

Pg bVS SfWabW\U ^`]QSaa*

[00243] :]\QZcaW]\6 ;cS b] bVS RWTTS`S\b ac`TOQS ^`]^S`bWSa ]T [SbOZ ]fWRSa O\R aWZWQ]\

RW]fWRS( bV`]cUV QVO\UW\U bVS ^?( bVS ac`TOQbO\b( O\R ]bVS` Q][^]\S\ba ]T bVS ;D9 a]ZcbW]\(

;D9a QO\ PS aSZSQbWdSZg ORa]`PSR Pg bVS Tc\QbW]\OZ `SUW]\a ]\ bVS ac`TOQS ]T bVS QVW^*

[00244] 5TJVLQTMU[ '&0 4M[MK[QVU VN MNNMK[ VU 4=2 ILZVYW[QVU IN[MY WMYNVYTQUO10 

ZMSMK[Q]M N\UK[QVUISQaI[QVU VU ZQSQKVU KY`Z[IS PI]QUO IU IYYI` VN [YIUZQ[QVU TM[IS V_QLM

ZWV[Z

[00245] 8 aWZWQ]\ Q`gabOZ QVW^ VOdW\U O\ O``Og ]T b`O\aWbW]\ [SbOZ ]fWRS a^]ba Wa QZSO\SR eWbV

O ^ZOa[O QZSO\S` O\R SbVO\]Z( bVS\ Wa W[[S`aSR W\b] O\ O[W\]SbVgZ^V]a^V]\WQ OQWR a]ZcbW]\

&-,[C' T]` .0 V]c`a* IVS\ bVS aWZWQ]\ Q`gabOZ QVW^ Wa bOYS\ ]cb( O\R bVS ac`TOQS Wa QZSO\SR eWbV15 

SbVO\]Z O\R eObS *̀ <ZS[S\bOZ O\OZgaWa Wa Q]\RcQbSR ]\ SOQV ]T bVS bV`SS bg^Sa ]T ac`TOQSa caW\U

M)`Og ^V]b]SZSQb`]\ a^SQb`][SbS *̀ IVS `SacZba W\RWQObS bVOb( PST]`S O\R OTbS` O[W\ObW]\( bVS

aWZWQ]\ RW]fWRS ac`TOQS R]Sa \]b Q]\bOW\ ^V]a^V]`ca Q][^]\S\ba( eVWZS O ^V]a^V]`ca

Q]\QS\b`ObW]\ ]\ bVS bWbO\Wc[ RW]fWRS O\R bO\bOZc[ ^S\b]fWRS ac`TOQS Wa W\Q`SOaSR T`][ , PST]`S

bVS O[W\ObW]\ b] .$ OTbS` bVS O[W\ObW]\* IVS ;D9 a]ZcbW]\ &-2,9F( -,\U+rZ'( eVWQV Wa WRS\bWQOZ20 

b] bVOb caSR W\ aS_cS\QW\U( Wa caSR T]` Z]ORW\U ;D9a ]\ bVS ac`TOQS ]T bVS QVW^* 8TbS` ;D9

Z]ORW\U Wa TW\WaVSR( bVS ;D9a O`S TZc]`SaQS\bZg ZOPSZSR caW\U Qg/ RgS( O\R bVS\ bVS ac`TOQS ]T

bVS QVW^ eOa O\OZghSR caW\U O TZc]`SaQS\QS [WQ`]aQ]^S* IVS `SacZba O`S aV]e\ W\ =@>* 04* @b

QO\ PS aSS\ T`][ =@>* 04 bVOb bVS b`O\aWbW]\ [SbOZ ]fWRS []RWTWSR Pg O[W\]^V]a^V]\WQ OQWR VOa

O U]]R ORa]`^bW]\ STTSQb ]\ ;D9a( O\R bVS aWZWQ]\ RW]fWRS \]\)PW\RW\U `SUW]\ & Oa WZZcab`ObSR25 

eWbV PZOQY ZW\Sa W\ bVS TWUc`S' VOa TOW`Zg ZW[WbSR OPWZWbg b] ORa]`P ;D9a*

[00246] IVS aWZWQ]\ Q`gabOZ QVW^ VOdW\U O\ O``Og ]T b`O\aWbW]\ [SbOZ ]fWRS a^]ba Wa

[O\cTOQbc`SR Pg ]fWRWhW\U O ac`TOQS ]T aWZWQ]\ RW]fWRS eOTS` OdOWZOPZS W\ bVS W\Rcab`g( O\R bVS\

^ZObW\U O\ O``Og ]T b`O\aWbW]\ [SbOZ ]fWRS a^]ba bV`]cUV 8B;*

[00247] :]\QZcaW]\6 bVS aWZWQ]\ RW]fWRS ac`TOQS VOa \] O[W\]^V]a^V]\WQ OQWR Q][^]\S\b(30 
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O\R bVS O[W\]^V]a^V]\WQ OQWR Q][^]\S\b Wa RSbSQbSR ]\ bVS bWbO\Wc[ RW]fWRS O\R bO\bOZc[

^S\b]fWRS ac`TOQS( eVWQV ^`]dSa bVS aSZSQbWdWbg ]T bVS ^V]a^V]\WQ OQWR `SOQbW]\* IVS []RWTWSR

ac`TOQS OZZ]ea bVS b`O\aWbW]\ [SbOZ ]fWRS `SUW]\ b] PS aSZSQbWdSZg O[W\ObSR( O\R S\OPZSa bVS

Tc\QbW]\OZ `SUW]\a ]\ bVS ac`TOQS ]T bVS QVW^ b] a^SQWTWQOZZg ORa]`P ;D9a*

[00248] 5TJVLQTMU[ ''0 4M[MK[QVU VN MNNMK[ IN[MY N\Y[PMY TVLQN`QUO UVU$N\UK[QVUIS5 

YMOQVUZ ^Q[P KVWVS`TMY KVU[IQUQUO WVS`M[P`SMUM OS`KVS

[00249] @\ bVWa S[P]RW[S\b( O QVW^ eWbV a^SQWOZ RSaWU\ eOa caSR* IVS b`O\aWbW]\ [SbOZ ]fWRS

`SUW]\a ]\ bVS QVW^ VOdS O aWhS ]T .,, r[( O\R a^OQSR O^O`b T`][ SOQV ]bVS` eWbV O a^OQW\U ]T

1,, r[* 8TbS` bVS QVW^ Wa QZSO\SR O\R []RWTWSR eWbV O[W\]^V]a^V]\WQ OQWR Oa RSaQ`WPSR W\

<[P]RW[S\b 5( bVS QVW^ Wa W[[S`aSR W\ O\ O_cS]ca a]ZcbW]\ &-, [U+[Z' ]T ^]ZgSbVgZS\SW[W\S)10 

^]ZgSbVgZS\S UZgQ]Z &F<@)F<>' Q]^]Zg[S` T]` -, [W\( O\R bVS\ QZSO\SR eWbV ^c`S eObS *̀ IVS\

O ;D9 a]ZcbW]\ &-2,9F( -,\U+rZ'( eVWQV Wa bVS aO[S Oa bVOb caSR W\ aS_cS\QW\U( Wa caSR b] Z]OR

;D9a ]\ bVS ac`TOQS ]T bVS QVW^* 8TbS` ;D9 Z]ORW\U Wa TW\WaVSR( bVS ;D9a O`S TZc]`SaQS\bZg

ZOPSZSR Pg caW\U Qg/ RgS( O\R bVS\ bVS ac`TOQS ]T bVS QVW^ eOa O\OZghSR caW\U O TZc]`SaQS\QS

[WQ`]aQ]^S* IVS `SacZba O`S aV]e\ W\ =@>* 05* @b QO\ PS aSS\ T`][ =@>* 05 bVOb bVS \]\)a^SQWTWQ15 

ORa]`^bW]\ ]T bVS ac`TOQS Wa Tc`bVS` `SRcQSR OTbS` bVS aWZWQ]\ RW]fWRS \]\)PW\RW\U `SUW]\ Wa

b`SObSR eWbV bVS Q]^]Zg[S *̀

[00250] :]\QZcaW]\6 bVS ORa]`^bW]\ ]T ;D9a O\R W[^c`WbWSa ]\ bVS \]\)Tc\QbW]\OZ `SUW]\a

]T bVS ac`TOQS ]T bVS QVW^ QO\ PS Tc`bVS` `SRcQSR Pg caW\U Q]^]Zg[S` Q]\bOW\W\U ^]ZgSbVgZS\S

UZgQ]Z*20 

[00251] 5TJVLQTMU[ '(0 4M[MK[QVU VN MNNMK[ IN[MY N\Y[PMY TVLQN`QUO UVU$N\UK[QVUIS

YMOQVUZ ^Q[P ZQSIUM KV\WSQUO IOMU[ KVU[IQUQUO WVS`M[P`SMUM OS`KVS

[00252] 8 aWZWQ]\ Q`gabOZ QVW^ VOdW\U O\ O``Og ]T b`O\aWbW]\ [SbOZ ]fWRS a^]ba Wa QZSO\SR eWbV

O ^ZOa[O QZSO\S` O\R SbVO\]Z( O\R bVS\ ^ZOQSR W\ O aWZO\S Q]c^ZW\U OUS\b a]ZcbW]\ []RWTWSR eWbV

OZS\R`]\WQ OQWR O\R ^]ZgSbVgZS\S UZgQ]Z* 8TbS` O ^S`W]R ]T `SOQbW]\( bVS aWZWQ]\ Q`gabOZ QVW^ eOa25 

bOYS\ ]cb( O\R QZSO\SR eWbV SbVO\]Z O\R eObS *̀ IVS\ O ;D9 a]ZcbW]\ &-2, 9F( -,\U+rZ'( eVWQV

Wa bVS aO[S Oa bVOb caSR W\ aS_cS\QW\U( Wa caSR b] Z]OR ;D9a ]\ bVS ac`TOQS ]T bVS QVW^* 8TbS`

;D9 Z]ORW\U Wa Q][^ZSbSR( bVS ;D9a eS`S TZc]`SaQS\bZg ZOPSZSR Pg caW\U Qg/ RgS( O\R bVS\

bVS ac`TOQS ]T bVS QVW^ eOa O\OZghSR caW\U O TZc]`SaQS\QS [WQ`]aQ]^S( Oa aV]e\ W\ =@>* 1,*

[00253] :]\QZcaW]\6 bVS ORa]`^bW]\ ]T ;D9a O\R W[^c`WbWSa ]\ bVS \]\)Tc\QbW]\OZ `SUW]\a30 
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]T bVS aWZWQ]\ RW]fWRS ac`TOQS QO\ PS Tc`bVS` `SRcQSR Pg caW\U bVS aWZO\S Q]c^ZW\U OUS\b

Q]\bOW\W\U ^]ZgSbVgZS\S UZgQ]Z*

[00254] @\ bVS a^SQWTWQObW]\( RSaQ`W^bW]\a eWbV `STS`S\QS b] bVS bS`[a #O\ S[P]RW[S\b#(

#a][S S[P]RW[S\ba#( #SfO[^ZSa#( #a^SQWTWQ SfO[^ZSa#( ]` #a][S SfO[^ZSa# SbQ* [SO\ bVOb

a^SQWTWQ TSObc`Sa( ab`cQbc`Sa( [ObS`WOZa ]` QVO`OQbS`WabWQa RSaQ`WPSR W\ Q]\Xc\QbW]\ eWbV bVS5 

S[P]RW[S\b ]` SfO[^ZS O`S W\QZcRSR W\ Ob ZSOab ]\S S[P]RW[S\b ]` SfO[^ZS ]T bVS ^`SaS\b

RWaQZ]ac`S* @\ bVWa a^SQWTWQObW]\( bVS OP]dS bS`[a R] \]b \SQSaaO`WZg `STS` b] bVS aO[S

S[P]RW[S\b ]` SfO[^ZS* C]`S]dS`( bVS [S\bW]\SR a^SQWTWQ TSObc`Sa( ab`cQbc`Sa( [ObS`WOZa ]`

QVO`OQbS`WabWQa QO\ PS Q][PW\SR W\ O acWbOPZS [O\\S` W\ O\g ]\S ]` []`S S[P]RW[S\ba ]`

SfO[^ZSa* @\ ORRWbW]\( bV]aS aYWZZSR W\ bVS O`b QO\ Q][PW\S bVS RWTTS`S\b S[P]RW[S\ba ]`10 

SfO[^ZSa O\R Q][PW\S bVS TSObc`Sa ]T bVS RWTTS`S\b S[P]RW[S\ba ]` SfO[^ZSa RSaQ`WPSR W\ bVWa

a^SQWTWQObW]\( Oa Z]\U Oa bVSg O`S \]b Q]\b`ORWQb]`g b] SOQV ]bVS *̀

[00255] 8ZbV]cUV bVS S[P]RW[S\ba ]T bVS ^`SaS\b RWaQZ]ac`S VOdS PSS\ WZZcab`ObSR O\R

RSaQ`WPSR OP]dS( Wb aVOZZ PS c\RS`ab]]R bVOb bVS OP]dS)[S\bW]\SR S[P]RW[S\ba O`S WZZcab`ObWdS

O\R aV]cZR \]b PS Q]\ab`cSR Oa ZW[WbObW]\a ]T bVS ^`SaS\b RWaQZ]ac`S* IV]aS aYWZZSR W\ bVS O`b QO\15 

[OYS QVO\USa( []RWTWQObW]\a( `S^ZOQS[S\ba O\R dO`WObW]\a b] bVS OP]dS)[S\bW]\SR

S[P]RW[S\ba eWbVW\ bVS aQ]^S ]T bVS ^`SaS\b RWaQZ]ac`S*
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CLAIMS 

What is claimed is: 

1. A chip matrix, comprising: 

a wafer, wherein the wafer has cutting lines that are evenly distributed on the wafer; 

a first silicon oxide layer, wherein the first silicon oxide layer is made of silicon oxide and 5 

is formed on an upper surface of the wafer; 

a transition metal oxide layer, wherein the transition metal oxide layer is made of a 

transition metal oxide and is formed on an upper surface of the first silicon oxide layer; and  

a second silicon oxide layer, wherein: 

the transition metal oxide layer is of a continuous layer structure, and the second silicon 10 

oxide layer is made of silicon oxide and formed on an upper surface of the transition metal 

oxide layer as a plurality of wells that are connected to each other; or  

the transition metal oxide layer consists of a plurality of transition metal oxide spots that 

are unconnected to each other, and the second silicon oxide layer is formed on the upper surface 

of the first silicon oxide layer located among the plurality of transition metal oxide spots that 15 

are unconnected to each other, 

wherein the wafer is a silicon wafer, and the second silicon oxide layer has a thickness 

ranging from 40 nm to 60 nm. 

2. The chip matrix according to claim 1, wherein the thickness of the second silicon oxide 

layer is 50 nm. 20 

3. The chip matrix according to claim 1 or 2, wherein the transition metal oxide layer has 

a thickness ranging from 5 nm to 15 nm, and the first silicon oxide layer has a thickness ranging 

from 80 nm to 100 nm, preferably 90 nm. 

4. A chip matrix, comprising: 

a wafer, wherein the wafer has cutting lines that are evenly distributed on the wafer; 25 

a first silicon oxide layer, wherein the first silicon oxide layer is made of silicon oxide and 

is formed on an upper surface of the wafer; 

a transition metal oxide layer, wherein the transition metal oxide layer is made of a 

transition metal oxide and is formed on an upper surface of the first silicon oxide layer; and  

a second silicon oxide layer, wherein: 30 
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the transition metal oxide layer is of a continuous layer structure, and the second silicon 

oxide layer is made of silicon oxide and formed on an upper surface of the transition metal 

oxide layer as a plurality of wells that are connected to each other; or  

the transition metal oxide layer consists of a plurality of transition metal oxide spots that 

are unconnected to each other, and the second silicon oxide layer is formed on the upper surface 5 

of the first silicon oxide layer located among the plurality of transition metal oxide spots that 

are unconnected to each other, 

wherein the wafer is a quartz wafer, the second silicon oxide layer has a thickness ranging 

from 100 nm to 200 nm. 

5. The chip matrix according to claim 4, wherein  10 

the transition metal oxide layer has a thickness ranging from 10nm to 20nm, and the first 

silicon oxide layer has a thickness ranging from 80 nm to 100 nm, preferably 90nm. 

6. The chip matrix according to claim 1, wherein, 

when the transition metal oxide layer is of a continuous layer structure, amino groups are 

connected to the transition metal oxide layer at a bottom of each well of the second silicon oxide 15 

layer; or when the transition metal oxide layer consists of a plurality of transition metal oxide 

spots, amino groups are connected to the plurality of transition metal oxide spots; and 

the second silicon oxide layer is connected with polyethylene glycol. 

7. The chip matrix according to claim 6, wherein the amino groups are connected to at 

least a part of transition metal oxide molecules in the transition metal oxide layer through 20 

chemical bonds; 

optionally, the chemical bonds are formed by the at least part of transition metal oxide 

molecules and phosphate groups of aminophosphonic acid-based compounds. 

8. The chip matrix according to claim 7, wherein the polyethylene glycol is provided by at 

least one selected from polyethyleneimine-polyethylene glycol and a silane coupling agent 25 

containing polyethylene glycol;  

when the polyethylene glycol is provided by the polyethyleneimine-polyethylene glycol, 

and the polyethyleneimine-polyethylene glycol is electrostatically adsorbed on a surface of the 

first silicon oxide layer or a surface of the second silicon oxide layer; and 

when the polyethylene glycol is provided by the silane coupling agent containing 30 

polyethylene glycol, and the silane coupling agent containing polyethylene glycol is connected 
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to the first silicon oxide layer or the second silicon oxide layer through a -Si-O-Si- chain. 

9. The chip matrix according to any one of claims 1-8, wherein the transition metal oxide 

comprises at least one of titanium dioxide, zirconium dioxide, tantalum pentoxide, niobium 

hexaoxide, or hafnium dioxide.  

10. A sequencing chip, comprising a chip body, wherein the chip body comprises a number 5 

of chip units, wherein each chip unit is a unit of the chip matrix according to any one of claims 

6 to 8 along the cutting lines of the wafer. 

11. A method for manufacturing the chip matrix according to any one of claims 6-8, the 

method comprising: performing surface modification on the wafer,  

wherein the surface modification comprises: treating a surface of the wafer with a 10 

transition metal oxide to form the transition metal oxide layer, wherein the transition metal 

oxide layer is formed on an upper surface of the first silicon oxide layer, the first silicon oxide 

layer is provided on the upper surface of the wafer, and the silicon oxide layer is made of silicon 

oxide, and the wafer has cutting lines evenly distributed on the wafer. 

12. The method according to claim 11, wherein the first silicon oxide layer is formed in 15 

advance on the upper surface of the wafer by low-temperature plasma chemical vapor 

deposition, plasma enhanced chemical vapor deposition, sputtering, or atomic layer deposition. 

13. The method according to claim 11, wherein the surface modification of the wafer is 

performed by thin film deposition, photolithography, or etching to form the transition metal 

oxide layer in form of a continuous layer or in form of arrayed spots. 20 

14. The method according to claim 13, wherein, for the transition metal oxide layer in form 

of a continuous layer, the method further comprises forming, with silicon oxide, a second silicon 

oxide layer in form of continuous wells on an upper surface of the transition metal oxide layer; 

optionally, for the transition metal oxide layer in form of arrayed spots, the method further 

comprises depositing silicon oxide between the spots of the transition metal oxide layer to form 25 

a second silicon oxide layer. 

15. The method according to any one of claims 11-14, further comprising performing 

amination treatment on the transition metal oxide,  

wherein the amination treatment is performed by reacting transition metal oxide with an 

aminophosphonic acid-based compound. 30 

16. The method according to any one of claims 11-15, further comprising performing a 
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surface modification on the first silicon oxide layer or the second silicon oxide layer to 

introduce polyethylene glycol on the first silicon oxide layer or the second silicon oxide layer; 

wherein the polyethylene glycol is provided by at least one of polyethyleneimine-

polyethylene glycol or a silane coupling agent containing polyethylene glycol; 

optionally, when the polyethylene glycol is provided by polyethyleneimine-polyethylene 5 

glycol, the surface modification is performed by electrostatic adsorption of polyethyleneimine-

polyethylene glycol on a surface of the first silicon oxide layer or a surface of the second silicon 

oxide layer; 

optionally, when the polyethylene glycol is provided by the silane coupling agent 

containing polyethylene glycol, the surface modification is performed by condensation reaction 10 

of the silane coupling agent containing polyethylene glycol with hydroxyl groups of the first 

silicon oxide layer or the second silicon oxide layer, wherein the hydroxyl groups are provided 

by Si-OH generated after the first silicon oxide layer or the second silicon oxide layer is ionized 

and adsorbs hydroxide ions in water. 

17. A method for manufacturing a sequencing chip, comprising:  15 

assembling a chip unit, wherein the chip unit is obtained by cutting a chip matrix along 

cutting lines of a wafer layer of the chip matrix, the chip matrix is as defined in any one of 

claims 6 to 8. 

18. The method according to claim 17, wherein said assembling comprises placing the 

chip unit in a supporting frame including a liquid inlet and outlet, and bonding the chip unit to 20 

the supporting frame with a glue or adhesive, a fluid channel being formed between the frame 

and the chip unit. 

19. The method according to claim 18, wherein, when the wafer is a silicon wafer, said 

assembling comprises: bonding the chip unit to the support frame with an upper surface of the 

chip unit facing upward, and placing a cover glass on the upper surface of the chip unit to obtain 25 

the sequencing chip. 

20. The method according to claim 18, wherein, when the wafer is a quartz wafer or a glass 

wafer, said assembling comprises: bonding the chip unit to the support frame with a lower 

surface of the chip unit facing upward to obtain the sequencing chip. 

21. A sequencing method, comprising performing sequencing using the sequencing chip 30 

as defined in claim 9 or manufactured by the method of any one of claims 17-20. 


