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CLAIMS 

..1,-A-method-fer-eleaning a semicend-uetoc-substrate,-cemprising:- 

substantiallyeovef-a-peftien-efthe-surfaee-ef-the-sefnieenduetor..substrate-being 

eleaned;--and 

,applying-an-aeoustie-energy-to-thesetnieonductor-substrate-se-as-to-enahle-the 

sernieonductor-substrate-to-vibraterthe-semieonducter-substrate-having-a-plurality-ef 

p 	 nductef-substrate 

wave-veloc 	the-liquid-mediumi-the-aceustie-wave--veloeity--in--the-liquid-medium 

together-with-the-vibration of the semiconductof substrate-pfeviding--a-fefee-te 

dislodge-the-plurality-ofparticle-contaminantsfrom-the-surfaee-efthe-semiconduetor 

substrate. 

I-The-method-of-el 	--1.,wherein--applying  

• • further substrate. 	-comp 	: 

---selecting 	sducer-for-generating-aeeustie-enerfft-and 

- orating the-aeoustie energy far -applying-to--the-se 	Bond 	for substrat 	e 

as-to-provide-maximum-aeoustie-wave..displacement4wthe-liquid--modium, 

1-The-method-ofelaifn-I-ftwMereomprisMgMning-the-aeo 	ie-energy-so-that-the 

acoustic-wave-veloeity in-the.-liquid.-medium does-not produce eavitation-within-the 

liquid-medium, 

4.-- 	-.method-of-claim-2 further-sempr-i-sing eantrolling-the-acoustic-energy -applied 

medium-and--the-semieenductef-substfate: liquid 

.5, The-methoci-of claim-3.3-further includes-providing-a-second-transduceri-thesecond 

transducer-coupled-to-an-underside-efthe-semiconductor-substrete;-the-second 
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transducerenabling-application-ofeee 	e 	-the-semieonduetor-substrate 

6:-T-he-method-of-claira-53-further-includes;  

seleeting•••a••eouplant-havingintrinsic-pr 	• les-that-enable-transmission••ef 

acoustie•••energyi••••and 

---applying4he-eouplant-to-thesemieonduetor-substraterthe-amount-of aceustie 

energy-detivered-to-the-semiconduetar-substrate-frem-the-undersidehasedon-the 

t• rinsic-propctties-ofthe-eouplant 

7,T 6, 	 conductor -he-method-of claim 	whereintheacoustie-energy-applied-to-thesem•i 

substrate-and-the1iquid-medium-isbased-on••intrinsie-propeAies-asseeiated-with-the 

semiconduetor-substrate, 	theliquid-inedi 	••and•the-eou 	ti-the-acoustie-energy 

defining•••the••••acoustic••behavior-ofthe••••acoustie-waves•••within•••the••••liquid•••medium: 

•81-The-method-ofelaim-53.-wherein-theceuplant•-is-one•-of-a-liquid-or-a4iquict••eheinical 

used-in-pinsing the semiconductor-substrate: 

9:-The-methodnf 	7, claim 	wherein-theintrinsic-properties-associated-with-the 

eouplant-and-the-tiquid-tnedium4ncl udc•••any-oneor-more-of obemical-composition,-

densityTand-temperaturei-and-wherein-theintrinsie-properties-associated-with-the 

semiconductor•••substrate•••include••any-one•••or•••more•••01-composition,•••thicknessi••width, 

temperaturertype-ofeontaminants,-size-ofcontaminantsFcontaminant•••composition,  

-1-0,-The-methodof cla•i rn-1-3-furth c r••• i•n cludes-selecting-the-liquid-medium-sueh-that 

chemical-structure-of-the1iquid medium-enables-at•-least-partial-eonnee 

semiconductor-sub•strate-during-the-eleaningprocess-and-whcrci n-the-liquidmcdiurn-is 

partially-hydrolyzed•••polyacrylamide: 

41. An apparatus for cleaning a substrate, comprising: 
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a first outer tank having a cavity defined by a base and one or more sidewalls 

extending therefrom and an opening opposite the base, the first outer tank being 

configured to hold a volume of a first liquid medium within the cavity; 

a second inner tank disposed within the first outer tank so as to define the 

cavity surrounding the second inner tank in the first outer tank, the space formed by 

the disposition of the second inner tank within the first outer tank filled with the first 

liquid medium, the second inner tank having a cavity defined by a base and one or 

more sidewalls extending therefrom and an opening opposite the base, the second 

inner tank being configured to hold a volume of second liquid medium within the 

cavity; 

a carrier mechanism configured to support the substrate and to immerse the 

substrate completely into the second liquid medium within the cavity defined in the 

second inner tank; and 

a transducer to apply acoustic energy to the substrate and the second liquid 

medium within the second inner tank, the acoustic energy enabling the substrate and 

the second liquid medium to work together in dislodging particle contaminants from 

the surface of the substrate; 

wherein the opening of the first tank and the opening of the second tank being 

substantially parallel so as to allow the substrate to be introduced into the second tank 

through the openings of the first and second tanks, wherein the acoustic energy 

applied to the second liquid medium prevents cavitation within the second liquid 

medium and wherein the acoustic energy applied to the substrate enables maximum 

wave displacement of acoustic wave introduced into the second liquid medium; and  

wherein the combined acoustic energy applied to the substrate and the liquid 

medium has frequencies between about 10 KHz to about 10 MHz. 

42. The apparatus of claim 4-1, wherein the transducer is provided at the base of the 

first outer tank, the acoustic energy from the transducer is transmitted to the immersed 

substrate and the second liquid medium in the second inner tank through the first 

liquid medium in the first outer tank. 
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13. The apparatus of claim 12, wherein the transducer is made up of at least a first and 

a second transducer, the first and second transducers provided at the base of the first 

outer tank to generate acoustic energy to the second liquid medium and the substrate 

in the second inner tank through the first liquid medium in the first outer tank. 

14. The apparatus of claim 11, further includes selecting the first and second liquid 

media so as to control the amount of acoustic energy delivered to the second liquid 

medium and the substrate, the amount of acoustic energy delivered to the second 

liquid medium and the substrate based on intrinsic properties associated with the 

substrate and the first and second liquid media. 

15. The apparatus of claim 14, wherein the second liquid medium is selected such that 

chemical structure of the second liquid medium enables at least partial connection or 

interaction with the particle contaminants released from the surface of the substrate. 

16. The apparatus of claim 11, wherein the second inner tank further includes an inlet 

to replenish clean and fresh second liquid medium into the second inner tank and an 

outlet to remove the second liquid medium along with the contaminated particles from 

the second inner tank and wherein the first outer tank receives the second liquid 

medium with the contaminated particles from the second inner tank during a cleaning 

process. 

17. The apparatus of claim 11, wherein the carrier mechanism is configured to include 

locations to support and immerse a plurality of substrates in the second inner tank 

during the cleaning process and one of a single or a plurality of transducers are 

employed to apply acoustic energy to each of the plurality of substrates immersed in 

the second inner tank. 

18. The apparatus as recited in claim 1.1, wherein the combined acoustic energy 

applied to the substrate and the liquid medium has frequencies between about 10 -KHz 

to-about40 MHz. 



30 

84-9. The apparatus of claim 11, wherein a frequency of the combined acoustic energy 

applied to the substrate and the liquid medium is based on reciprocal time of 

relaxation of the liquid medium. 

209. An apparatus for cleaning a substrate having particle contaminants on a surface 

of the substrate, comprising: 

a processing chamber having a carrier mechanism configured to receive, 

support and transport the substrate within the processing chamber, the processing 

chamber further including; 

a dispense head assembly configured to supply a liquid medium as a meniscus 

to a surface of the substrate; and 

a rinse head assembly equipped with at least an inlet conduit to supply rinse 

chemical to a top surface of the substrate as a meniscus, at least an outlet conduit to 

remove the rinse chemical and liquid medium from the surface of the substrate and at 

least a transducer, the transducer configured to supply acoustic energy to the substrate 

supported by the carrier mechanism so as to enable the substrate to vibrate, the 

vibration of the semiconductor substrate transferring the acoustic energy to the 

meniscus of the liquid medium applied to the surface of the substrate so as to 

introduce an acoustic wave velocity in the liquid medium , the acoustic wave velocity 

in the meniscus of the liquid medium together with the vibration of the substrate 

assists to dislodge the particle contaminants from the surface of the substrate, 

wherein the transducer is positioned close to a surface of the rinse head 

assembly that is proximal to the surface of the substrate to transmit acoustic energy to 

the substrate. 

1021. The apparatus of claim 920, wherein the dispense head assembly and the rinse 

head assembly are linear proximity heads. 

1122. The apparatus of claim 920, wherein the geometry of the transducer in the rinse 

head assembly is selected so as to fit the geometry of the rinse head assembly. 
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1223. The apparatus of claim 92O, further including a second rinse head assembly, the 

second rinse head assembly equipped with at least an inlet conduit to supply a rinse 

chemical to the surface of the substrate, at least an outlet conduit to remove the rinse 

chemical and liquid medium from the surface of the substrate and at least a 

transducer, the geometry of the transducer within the second rinse head assembly 

fitting the geometry of the second rinse head assembly, the transducer within the 

second rinse head assembly is positioned close to the surface of the second rinse head 

assembly facing the surface of the substrate, 

wherein the transducer in the second rinse head assembly is configured to 

supply acoustic energy through the rinse chemical to the substrate and to the meniscus 

of the liquid medium applied on the surface of the substrate, the amount of acoustic 

energy applied to the rinse chemical selected so as to provide maximum acoustic 

wave displacement difference to an acoustic wave introduced into the liquid medium 

and to prevent cavitation within the liquid medium. 

1324. The apparatus of claim 1223, wherein the second rinse head assembly is 

positioned proximate to a back side of the substrate so as to provide the acoustic 

energy to the substrate and the liquid medium through the back side of the substrate, 

the transducer within the second rinse head assembly located close to a surface of the 

rinse head assembly proximal to the underside of the surface of the substrate. 

1425. The apparatus as recited in claim 920, wherein the liquid medium is selected 

such that chemical structure of the liquid medium enables at least partial connection 

or interaction with the released particle contaminants, the liquid medium is partially 

hydrolyzed polyacrylamide. 

1526. The apparatus as recited in claim 920, wherein the combined acoustic energy 

applied to the surface of the substrate and the liquid medium has a frequency between 

about 10 KHz to about 10 MHz. 

1627. An apparatus for cleaning a substrate having particle contaminants on a surface 

of the substrate, comprising: 
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a receptacle equipped with a carrier mechanism, the receptacle configured to 

receive and hold liquid medium, the carrier mechanism within the receptacle 

configured to receive, support and move the substrate along an axis; 

a transducer configured to supply acoustic energy to the substrate supported 

by the carrier mechanism so as to enable the substrate to vibrate, the vibration of the 

substrate transferring the acoustic energy to the meniscus of the liquid medium 

applied at the surface of the substrate so as to introduce an acoustic wave velocity in 

the liquid medium, the acoustic wave velocity in the meniscus of the liquid medium 

together with the vibration of the substrate assists to dislodge the particle 

contaminants from the surface of the substrate, and 

a rinse mechanism equipped with at least an inlet conduit to supply rinse 

chemical to a top surface of the substrate as a meniscus, 

wherein the acoustic wave velocity applied to the liquid medium prevents 

cavitation within the liquid medium. 

1728. The apparatus of claim 1627, wherein the transducer is provided within the 

carrier mechanism, the transducer connected to a power supply and configured to 

generate acoustic energy from power supplied through the power supply. 

1829. The apparatus of claim 1627, wherein the transducer is mounted on a moveable 

arm mechanism that is configured to move the transducer up, down and sideways so 

as to enable positioning the transducer proximate to the substrate surface. 

1930. The apparatus of claim 1627, wherein the rinse mechanism is mounted on a 

moveable arm mechanism that is configured to move the rinse mechanism up, down 

and sideways so as to enable positioning the rinse mechanism proximate to the 

substrate surface, the movement of the rinse mechanism controlled using a rinse 

control mechanism. 

203.1-. The apparatus of claim 1627, further including a motor mechanism, the motor 

mechanism connected to the carrier mechanism so as to enable the carrier mechanism 

to move up, down and along an axis of rotation. 
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2132. The apparatus of claim 1027, further including distinct receptacles to supply the 

rinse chemical and to collect the liquid medium and the rinse chemical removed from 

the surface of the substrate after cleaning and rinsing operations, wherein the 

receptacle 

receptacle 

includes distinct outlet conduits to 

during cleaning process. 

remove the liquid medium from the 


