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SPUTTER TARGET/BACKING PI.ATE ASSEMBLX AND METHOD OF 

MAKING SAME 

Field of the Invention 

The present invention relates qenerally to 

sputtering, and more particular~y to sputter 

tarqet/backing plate asse~blies utilized in sputterinq 

5 operations. 

B,Scj;around of th~ Invention 

Sputtering is the deposition of a thin film 

of a desired materia1 on a substrate. Sputterinq is 

employed to manufacture semi-conductor devices such as 

10 integrated circuits. In a sputterinq operation, the 

material to be deposited on the substrate is removed 

from a sputter target by bombarding the target with 

- ions. in addition to removing materia1 from the target 

for deposit on the substrate, ion bombardment transf P.rs 

15 thermal energy to the tarqet. It is therefore 

genara1ly neces~ary to provide a means of cooling the 

target during the sputtering operation to prevent the. 

target from overheating. 
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The target is traditionally mounted to·a 

backinq plate. cooling liquid is circulated in heat 

transfer contact with the backing plate to remove heat 

transferred to the target by the bombarding ions. It 

5 is important that there be good thermal, as well as 

structural, bonding between the target and backinq 

plate to ensure adequate heat transfer from target to 

backing plate to coolant and to ensure the structural 

integrity of the target/backing plate connection during 

10 sputtering. 

One technique for bonding the target to ·the 

backing plate is known as diffusion bonding. In -

diffusion bonding the target/backing plate bond is· 

produced by pressing the material surfaces into 

15 intimate contact while applying heat to induce 

metallurgical joining and diffusion to varying extent 

across the bond interface. Bonding aids, metal 

combinations which are more readily joined, are 

sometimes applied to one or both of the surfaces to be 

20 bonded. Such coatinqs may be applied by 

electroplating, electroless plating, sputtering, vapor 

deposition or other usable technique for depositing· an 

adherent metallic film. It is also possible to 

incorporate a metallic foil between bonding members 

25 which foil has the ability to be more easily bonded·to 

either of the material to be joined. The surf aces to 

be joined are prepared by chemical or other means to 
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remove oxides or their chemical f iims which interfere 

with bonding. 

The tarqet/Dackinq plate assembly may be 

diffusion bonded using techniques such as hot isostatic 

5 pressinq ("HJ:Ping") or uniaxial hot pressinq 

cwoHPing") • l:n tn!Pinq, the unbonded asseml:)ly is placed 

between a pair of plunqers, platens or rams. These 

rams are contained within a control chamber which 

allows for the control of temperature, pressure and 

10 other atmospheric conditions. The controlled 

atmosphere is a vacuum, reducing gas or inert gas, or a 

combination thereof. The temperature in the uniaxial 

hot press control chamber is increased in order to heat 

the unbonded assembly. The assembly is heated to a 

15 temperature somewhat below the homologous meltinq point 

of the ~eta1 used for the backing plate. By elevating 

the temperature of the assembly to a temperature 

somewhat below the melting point of the backinq plate 

material, the backing plate softens, and upon pressing, 

20 forms a tight interface with the treated bonding 

surface of the sputter target. As the assembly is 

heated, a compressing force is app~ied on the assembly 

by the rams in a uniaxial direction. The assembly is 

maintained in the control chaln.ber under these 

25 temperature, pressure and atmospheric gas conditions 

for a period of time sufficient to form the bonded 

sputter target/backing plate assembly. 
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fn HIPing, the treated ~putter target and 

backing plate are oriented to form an assembly bavinq 

an interface defined by the bondin9 surfaces, and this 

assembly is placed within a HIPinq canister. Once the 

5 assembly is placed in the HIPinq canister a vacuum is 

pulled on the canister and the canister is then placed 

within a HIPin9 chamber. The ambient atmosphere in the 

HIPinq chamber is replaced with a true inert gas, such 

as argon or helium. In addition, the temperature 0 and 

10 pressure in the HrPinq chamber are increased as 

discussed above with respect to UHPinq, in order to 

form a bonded sputter target/backing plate assembly. 

Again the assembly is heated to a temperature somewhat 

below the homologous meltinq point of the metal used 

15 for the backinq plate, and the HIPinq canister and 

assembly contained therein are compressed from all 

sides at elevated pressure. The assembly is maintained 

at the desired temperature, pressure and atmospheric 

conditions for a sufficient period to form the bonded 

20 target/backing plate assembly. 

Representative times, temperatures and 

pressures for UHPing and HIPing are disclosed in 

application Serial No. 08/426,246 filed April 21, 1995, 

entitled Sputter Tarqet/Backing Plate Assembly And 

25 Method Of Making same, assiqned to the assignee of the 

present invention and hereby incorporated by reference 

herein as fully set forth. in its entirety. 
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Dua to coefficient of th~rmal expansion· 

induced shrinkage of the bonded tarqet/backinq plate 

during cooling subsequent to the diffusion bonding, any 

mismatch between the ther:ma1 expansion coefficients of 

5 the target and backinq plate creates stresses in the 

assembly which can distort the assembly and/or crack 

the target. 

one particular material from which targets 

are fabricated is tungsten-titanium. Target/backing 

10 plate assemblies wherein the target is fabricated· fro~ 

tungsten-titanium have typically employed titanium as 

the backing plate material to avoid a coefficient of 

thermal expansion mismatch between the tarqet and 

backing plate. ~itanium is expensive, however, and is 

15 thus not desirable as a material from which to 

fabricate backinq plates. Less expensive materiaJ.s, 

such as aluminUl!l, have significantly different thermal 

expansion coefficients from that of tungsten-titanium 

though, resulting in target/backing plate assembl~ 

20 distortion and/or target cracking. 
' 

It is therefore a main objective of the 

present invention to provide a target/backing plate 

assembly and method of making same which can 

accommodate mismatch between target and backing plate 

25 coefficients of thermal expansion so as to not 

jeopardize the therma1 and/or structural bond integrity 

between the target and backing plate. 
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Summary of the rnvention 

The present invention attains the stated 

objective by providing a method of forminq a sputter 

target/backing plate assembly. The method comprises 

5 the steps of: providing a target fabricated from a 

first material having a coefficient of thermal 

expansion; providing a backing plate fabricated from a 

second material having a coefficient of therma1 

expansion; providing a block fabricated from a third 

10 material havinq a coefficient of ther?Dal expansion; 

positioning the block on one side of the backing plate; 

positioning the target on the other side of the backing 

plate; and subjecting the target, backing plate and 

block to elevated temperature and pressure to bond the 

15 target, backing plate and block together. The third 

material is selected so as to have a coefficient-of 

thermal expansion which counteracts the effects of the 

coefficients of thermal expansion of the first and 

second materials. 

20 The third material may be selected so as to 

have a coefficient of thermal expansion which is 

approximately the same as the coefficient of thermal 

expansion of the first material. 

The target, backing plate and block may be 

25 diffusion bonded together via hot isostatic pressing or 

uniaxial hot pressing. 

The target is preferably fabricated from 

tungsten-titanium, the backing plate is prefarably 
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fabricatecl from aluminum and the block is pref eral::Jly 

fabricated from graphite. In that event, the target 

has a coefficient of thermal expansion of approximately 

6.4 x 10-6/·c, the backing plate has a coefficient of 

5 thermal expansion of approximate1y 19.8 x 10-61•c and 

the block has a coefficient of thermal expansion of 

approximately 5.8 x 10~1·c. 

The backing plate preferably has a recess 

machined therein and the block is disposed in the 

10 recess. 

The backinq plate may have a hub in the 

center of the recess. In that event, the block has a 

bore therethrough for receiving the backinq plate hub. 

The present invention also provides a 

15 target/backinq plate assembly formed by the method. 

The major advantage of the present invention 

is that a target/backinq plate assembly and method of 

making the same is provided which allows targets and 

backing plates fabricated from dissimilar materials 

20 having dissimilar thermal expansion coefficients to be 

diffusion bonded without suffering assembly distortion 

or target_ cracking during cooling. 

These and other objects and advantages of the 

present invention will become more readily apparent 

25 during the following detailed description taken in 

conjunction with the drawings herein, in which: 
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Brief Description of the Drawings 

Figs. lA and lB diagrammatically illustrate 

the series of steps performed in accordance with the 

method of forming a sputter tarqet/backinq plate 

5 asseml:>ly of the present invention; 

Fiq. 2 illustrates a sputter tarqet/backinq 

plate assembly made in accordance with the method of 

Figs. lA and lB; 

Fiq. JA and 3B diagrammatically illustrate 

10 the series of steps performed in accordance with the 

method of forminq an alternative f·orm. of sputter 

target/backing plate assembly of.the present invention; 

and 

Fig. 4 illustrates a sputter tarqet/baokinq 

15 plate assembly made in accordance with the method of 

Figs. 3A and 3B. 

Detailed Descrintion of the Invention 

Referring first to Fiq. 1A, there is 

illustrated an assembly 10 for loading into a HrP.ing 

20 canister for subsequent subjection to HIPinq. 

The assembly 10 includes an aluminum backing 

plate 12 which includes a recess 14 machined into one 

side thereof and a tungsten-titanium tarqet 16 for 

bonding to the backinq plate 12 at a bond interface lS. 

25 A qraphite block 20 is provided for insertion into 

recess 14. A dwnmy aluminum backinq plate 22 is. 

positioned above the target 16- Upper and lower-steel 

plates 24 and 26 respectively are positioned above the 
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dummy backing plate 22 and below the backing plate 12 

with block 20 therein. 

As illustrated in Fiq. lB, the assembly 10, 

which would be contained in a HIPinq canister (not 

S shown) on which is pulled a vacuum of about 104 torr or 

qreater, is diaqrammatica11y illustrated as beinq 

subjected to elevated temperature and pressure as would 

be the case when contained in a HIPinq vessel. 

Alternatively, Fiq. lB illustrates the assembly 10 

10 subjected to elevated temperature and pressure as would 

be the case when subjected to UHPinq, also at about 10~ 

torr. 

The assembly 10 is heated to a temperature of 

from about Joo·c to about 575·c, and preferably from 

15 about 45o•c to about sso·c, and is pressed to a 

pressure of from about 30 MPa to about 140 MPa, and is 

maintained there for from about 30 minutes to about 60 

minutes. rf UHPinq is used, the pressure is developed 

between a pair of plunqers, platens or ra~s. If HIPinq 

20 is used, the HIPing canister and assembly 10 therein is 

subjected to compres~ive cressure from all sides in the 

HIPinq vessel. By elevating the temperature of the 

assembly to a temperature somewhat below the mel~ing 

point of the backing plate material the backing plate 

25 12 softens, and upon pressing, forms a tight interface 

with the bonding surface of the sputter tarqet 16. 

Similarly, the block 20 bonds with the underside of the 

backing plate 12. 
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Dtirinq cooling of the assembly 10, the 

graphite block 20 restrains the shrinkaqe of the 

aluminum ba~kinq plate 12 so that the therJ11al 

contraction of the composite backinq plate 12 and block 

5 20 is approximately the same as that of the tunqsten­

titanium tarqet 16. Typically the tungsten-titanium 

tarqet has a coefficient of therinal expansion of 

approximately 6.4 x 10~/·c, the aluminum backing plate 

has a coefficient of thermal expansion of approximately 

10 19.s x lO""/•c and the graphite block has a coefficient 

of thermal expansion of approximately s.s x io""/•c. 

Thus the qraphite block 20 has about the same thermal 

expansion coefficient as that of the tunqsten-titanium 

target 16. Distortion of the target 16 and backing 

15 plate 12 and/or cracking of the tarqet 16 is thEUieby 

avoided. 

Lastly, as shown in Fig. 2, the cooled 

assembly· 10 has had the steel plates 24 and 26 and 

dummy backing plate 22 machined away. rn addition, the 

20 block 20 has been machined from the recess 14 to 

provide access to the backing plate 12 by the coolant 

when installed onto a cathode assembly. 

Referring now to Fig. JA, an alternative 

assembly 50 is illustrated. The assembly so includes 

25 an aluminum backing plate 52 which includes a recess 54 

machined into one 5ide thereof and a central hub!56 for 

attaching the backing plate 52 to a cathode assembly. 

A tungsten-titanium target 58 is located within an 

\ 
" I 
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aluminum spacer ring 60 for bondiriq to the backing 

plate 52. A graphite block 62 is provided for 

insertion into recess 54 and includes a bore 64 

therethrough for accepting the hUb 56. A dummy 

5 aluminum backing plate 66 is positioned above the 

target 58. Upper and lower steel plates 68 and 70 

respectiveiy are positioned above the dummy backing 

plate 66 and below the backing plate 52 with block 62 

therein. 

10 As in ~he prior embodiment, the assembly 50 

is subjected to the same pressures and temperatures for 

the same duration by way of either HIPinq or UHPinq 

(Fig. JB). During cooling of the assembly 50, the 

graphite block 62 restrains the shrinkage of the 

·is aluminum backing plate 52 so that the thermal 

contraction of the composite backing plate 52 and block 

62 is approximately the same as that of the tungsten­

titanium target SS. Distortion of the target 58 and 

backing plate 52 and/or crackinq of the target 58 is 

20 thereby avoided. 

Lastly, and also as in the prior embodiment, 

as shown in Fig. 4, the cooled assembly 50 has had the 

steel plates 68 and 70 and the duwny backing plate 66 

machined away. In addition, the block 62 has been 

25 machined from the recess 54 to provide access to the 

backing plate 52 by the coolant when installed onto a 

cathode asse~bly. 
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Those skilled in the art will readily 

.recognize numerous adaptations and modifications which 

can be made to the present invention which will result 

in an improved sputter tarqet/backinq plate assembly 

5 and method, yet all of which will fall within the 

spirit and scope of the present invention as defined in 

the following claims - . For example, many other 

materials other than tungsten-titanium, aluminum and 

graphite can be used to fabricate the tarqet, backinq 

10 plate and block respectively. And, other bonding 

techniques other than diffusion bondinq can be 

employed. Accordinqly, the invention is to be limited 

only by the scope of the following clai~s and their 

equivalents. 

15 What is clai~ed is: 
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ThOse skilled in the art wiil readily 

recognize ·numerous adaptations and modifications which 

can be made to the present invention which will result 

in an improved sputter tarqet/backinq plate assembly 

5 and method, yet all of which will fall within the 

spirit and scope of the present invention as detined in 

the followinq claims. For example, many other 

materials other than tungsten-titaniUJD., aluminum and 

graphite can be used to rabricate the tarqet, backinq 

10 p1ate and block respectively. And, other bondinq 

techniques other than diffusion bondinq can be 

employed. Accordinqly, the invention is to be limited 

only by the scope of the f ollowinq claims and their 

equivalents. 

15 What is claimed is: 
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1. A method of farming a sputter 

target/backin9 plate assembly comprising the steps of: 

providing a tarqet fabricated from a first 

material havinq a coefficient of thermal expansion; 

providing a backinq plate fabricated from a 

second material havinq a coefficient of thermal 

expansion; 

providing a block fabricated from a third 

materia1 having a coefficient of thermal expansion; 

positioning the block on one side of the 

backing plate; 

positioning the target on the other side of 

the backing plate; and 

subjecting the tarqet, backing plate and 

15 block to elevated temperature and pressure to bond the 

target, backing plate and block together; · 

the third material being selected so as to 

have a coefficient of thermal expansion which 

counteracts the effects of the coefficients of thermal 

20 expansion of the first and second materials. 
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2. The method of claim 1 wherein the third 

material is selected so as to have a coefficient of 

ther111al expansion which is approximately the same as 

the coefficient of thermal ~xpansion of the first 

5 material. 

3. The method of claim 2 wherein the 

tarqet, baekinq plate and block are diffusion bonded 

toqether via hot isostatic pressinq. 

4. The method of claim 2 wherein the 

10 tarqet, backing plate and block are diffusion bonded 

toqeth~r via uniaxial hot pressinq. 

5. The method of claim 2 wherein the target 

is fabricated from tunqsten-titanium, the backinq:plate 

is fabricated from aluminum and the block is fabricated 

15 from graphite. 

6. The method of claim 5 wherein the tarqet 

has a coefficient of thennal expansion of approximately 

6.4 x 10~/·c, the backing plate has a coefficient of 

thermal expansion of approximately 19.B x 104 /·c and 

20 the block has a coefficient of thermal expansion of 

approximately 5.8 x 10~1·c. 
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1. The method of claim i wherein the 

backing plate has a recess machined therein and wherein 

the block is disposed in tbe recess. 

a. The method of claim 7 wherein the 

5 backinq plate has a hub in the center of the recess, 

and wherein the block has a bore therethrouqh for 

receiving the bac.~inq plate hub. 
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9. A sputter target/~ackinq plate assembly 

formed according to the method of claim 1. 



111111111111111111111111111111 
* C L M S * 

-17-

10. A sputter target/backing plate assembly 

formed according to the method of claim 3. 
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ll- A sputter target/backing plate assembly 

formed according to the method of claim 4. 


