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1. A temporary bonding method comprising:
providing a stack comprising:
a first substrate having a back surface and a device surface;
a first bonding layer adjacent said device surface and having a softening
iemperature;
econd bonding layer adjacent said first bonding layer and having a softening
temperature, wherein the softening temperature of said first bonding layer
is at least about 20°C greater than the softening temperature of said
s@gond bonding layer; and
a second sulgtrate having a carrier surface, said second bonding layer being
adjacenNgsaid carrier surface; and

separating said first and sdgond substrates.

2. The method of claim 1, Yherein said first bonding layer has a thickness T, of at

least about 24 pm.

3. The method of ¢laim 1, wherein s\jd second bonding layer has a thickness T, of

less than about 35 pm.

4. The method of claim 1, wherein said first dgnding layer has a softening point of

at least aboﬁt 100°C.

5. The method of claim 1, wherein said second bondiny Jayer has a softening point

of less than about 220°C.
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6. The method of claim 1, wherein said first bonding layer is formed from a
composition comprising a polymer or oligomer dissolved or dispersed in a solvent system, said
olymer or oligomer being selected from the group consisting of polymers and oligomers of
lic olefins, epoxies, acrylics, silicones, styrenics, vinyl halides, vinyl esters, polyamides,
polyNapides, polysulfones, polyethersulfones, cyclic olefins, polyolefin rubbers, and
polyureZeanes, ethylene-propylene rubbers, polyamide esters, polyimide esters, polyacetals, and

polyvinyl Bgterol.

7. e method of claim 1, wherein said second bonding layer is formed from a
composition compriing a polymer or oligomer dissolved or dispersed in a solvent system, said
polymer or oligomer ging selected from the group consisting of polymers and oligomers of
cyclic olefins, epoxies, a¥ylics, silicones, styrenics, vinyl halides, vinyl esters, polyamides,
polyimides, polysulfones, €\polyethersulfones, cyclic olefins, polyolefin rubbers, and
polyurethanes, ethylene-propyldge rubbers, polyamide esters, polyimide esters, polyacetals, and

polyvinyl buterol.

8. The method of claim 1, wBgrein said device surface comprises an array of devices
selected from the group consisting of 1Negrated circuits; MEMS; microsensors; power
semiconductors; light-emitting diodes; photonidgircuits; interposers; embedded passive devices;,
and microdevices fabricated on or from silicon\silicon-germanium, gallium arsenide, and

gallium nitride.

9. The method of claim 1, wherein said secqud subsirate comprises a material

selected from the group consisting of silicon, sapphire, quartZymetal, glass, and ceramics.

10.  The method of claim 1, said device surface compri\ng at least one structure
selected from the group consisting of: solder bumps; metal posts; metd pillars; and structures
formed from a material selected from the group consisting of silicon, polysiiXon, silicon dioxide,
silicon (oxy)nitride, metal, low k dielectrics, polymer dielectrics, metal ni%jdes, and metal

silicides.
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11, The method of claim 1, further comprising subjecting said stack to processing
selected from the group consisting of back-grinding, chemical-mechanical polishing, etching,
metal and dielectric deposition, patterning, passivation, annealing, and combinations thereof,

pNor to separating said first and second substrates.

The method of claim 1, wherein said separating comprises heating said stack to
a temperatixe sufficiently high so as to soften said second bonding layer sufficiently to allow said

first and secony substrates to be separated.

13.  The Xeethod of claim 12, further comprising removing said first bonding layer

from said first substratd\after said separating.

14.  The method ofglaim 12, wherein at least some of said first bonding layer remains

on said first substrate after said Sgparating and is present during subsequent processing steps.

15.  Anarticle comprising:
a first substrate having a Beck surface and a device surface;

a first bonding layer adjachpt said device surface and having a softening
temperature;

a second bonding layer adjacent sa¥{ first bonding layer and having a softening
temperature, wherein the softetNag temperature of said first bonding layer
is at least about 20°C greater tign the softening temperature of said
second bonding layer; and

a second substrate having a carrier surface, sdjd second bonding layer being

adjacent said carrier surface.

16.  The article of claim 15, wherein said first bonding layer Nas a thickness T, of at

least about 24 pm.

17.  The article of claim 15, wherein said second bonding layer has a tiNgkness T; of

less than about 35 pm.
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18.  The article of claim 15, wherein said first bonding layer has a softening point of

at least about 100°C.

19.  Thearticle of claim 15, wherein said second bonding layer has a softening point

of lesshan about 220°C.

20. \ The article of claim 15, wherein said first bonding layer is formed from a
composition colgprising a polymer or oligomer dissolved or dispersed in a solvent system, said
polymer or oligon¥r being selected from the group consisting of polymers and oligomers of
cyclic olefins, epoxidy, acrylics, silicones, styrenics, vinyl halides, vinyl esters, polyamides,
polyimides, polysulfors, polyethersulfones, cyclic olefins, polyolefin rubbers, and
polyurethanes, ethylene-proRylene rubbers, polyamide esters, polyimide esters, polyacetals, and

polyviny! buterol.

21.  The article of claim 5, wherein said second bonding layer is formed from a
composition comprising a polymer or c\gomer dissolved or dispersed in a solvent system, said
polymer or oligomer being selected from\he group consisting of polymers and oligomers of
cyclic olefins, epoxies, acrylics, silicones, s\yrenics, vinyl halides, vinyl esters, polyamides,
polyimides, polysulfones, polyethersulfones\ cyclic olefins, polyolefin rubbers, and
polyurethanes, ethylene-propylene rubbers, polyant Je esters, polyimide esters, polyacetals, and

polyvinyl buterol.

22.  Thearticle of claim 15, wherein said device s face comprises an array of devices
selected from the group consisting of integrated circuits; NWIEMS; microsensors; power
semiconductors; light-emitting diodes; photonic circuits; interposelg; embedded passive devices;,
and microdevices fabricated on or from silicon, silicon-germaniuly, gailium arsenide, and

gallium nitride.

23, The article of claim 15, wherein said second substrate comlyises a material

selected from the group consisting of silicon, sapphire, quartz, metal, glass, and
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24, The article of claim 15, said device surface comprising at least one structure
selected from the group consisting of: solder bumps; metal posts; metal pillars; and structures
rmed from a material selected from the group consisting of silicon, polysilicon, silicon dioxide,

silon (oxy)nitride, metal, Tow k dielectrics, polymer dielectrics, metal nitrides, and metal

surface; \nd

separating said first and second substrate \

26,  The method ofclaim 25, said first rigid laxer and bonding layer having respective

softening temperatures, wherein the softening temperature 0 said first rigid layer is at least about

20°C greater than the softening temperature of said bonding

27.  The method of claim 25, wherein said first rigid layeNpas a thickness T, of from

about 1 wm to about 35 pm.

28.  The method of claim 25, wherein said bonding layer has a thidness T; of from

about 1 pm to about 35 um.
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29.  Themethod of claim 25, wherein said stack comprises said lift-off layer, and said

lift-off layer has a thickness T, of less than about 3 pym.

~30.  Themethod ofclaim 25, wherein said stack comprises said second rigid layer, and

said ¥cond rigid layer has a thickness T, of from about 1 pm to about 35 pm.

31.\ Themethod of claim 25, wherein said stack comprises said second rigid layer, and
said second riXd layer and said bonding layer have respective softening temperatures, and the
softening temperXure of said second rigid layer is at least about 20°C greater than the softening

temperature of said Bpnding layer.

32.  The method\of claim 25, wherein said first rigid layer has a softening point of at

least about 100°C.

33.  The method of clainN25, wherein satd bonding layer has a softening point of less

than about 220°C.

34.  Themethod of claim 25, wherén said bonding layer is formed from a composition
comprising a polymer or oligomer dissolved sor. ispersed in a solvent system, said polymer or
oligomer being selected from the group consistih’g__ polymers and oligomers of cyclic olefins,
epoxies, acrylics, silicones, styrenics, vinyl halid.'e',‘ _ vinyl esters, polyamides, polyimides,
polysulfones, polyethersulfones, cyclic olefins, polyolefilNubbers, and polyurethanes, ethylene-

propylene rubbers, polyamide esters, polyimide esters, polydgetals, and polyvinyl buterol.

35.  The method of claim 25, wherein said first riNd layer is formed from a
composition comprising a polymer or oligomer dissolved or disperseNin a solvent system, said

polymer or oligomer being selected from the group consisting of polyNers and oligomers of
polyimides, polysulfones, polyethersuifones, cyclic olefins, polyolefit\ rubbers, and

polyurethanes, ethylene-propylene rubbers, polyamide esters, polyimide esters, poyacetals, and

polyvinyl buterol.
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36. The method of claim 25, wherein said stack comprises said lift-off layer, and said
lift-off layer is formed from a composition comprising a polymer dissolved or dispersed in a

lvent system, said polymer being selected from the group consisting of poly(vinyl pyridine) and

3 The method of claim 25, wherein said stack comprises said second rigid layer, and
said second rigid layer is formed from a composition comprising a polymer or oligomer dissolved
or dispersed inNa solvent systern, said polymer or oligomer being selected from the group
consisting of polyNers and oligomers of cyclic olefins, epoxies, acrylics, silicones, styrenics,
vinyl halides, vinyl &sters, polyamides, polyimides, polysulfones, polyethersulfones, cyclic
olefins, polyolefin rubbel, and polyurethanes, ethylene-propylene rubbers, polyamide esters,

polyimide esters, polyacetal¥ and polyvinyl buterol.

38,  The method of clakn 25, wherein said device surface comprises an array of
devices selected from the group consising of integrated circuits; MEMS; microsensors; power
semiconductors; light-emitiing diodes; ph%gonic circuits; interposers; embedded passive devices;
and microdevices fabricated on or from S\icon, silicon-germanium, gallium arsenide, and

gallium nitride.

39,  The method of claim 23, wherein saN second substrate comprises a material

selected from the group consisting of silicon, sapphire, qartz, metal, glass, and ceramics,

40.  The method of claim 25, said device surface cymprising at least one structure
selected from the group consisting of: solder bumps; metal posts\metal piliars; and structures
formed from a material selected from the group consisting of silicon, pXysilicon, silicon dioxide,

silicon (oxy)nitride, metal, low k dielectrics, polymer dielectrics, meWl nitrides, and metal

silicides.

41.  The method of claim 235, further comprising subjecting said stack ¥ processing

selected from the group consisting of back-grinding, chemical-mechanical polishin}y etching,
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metal and dielectric deposition, pafterning, passivation, annealing, and combinations thereof,

prior to separating said first and second substrates.

42, The method of claim 25, wherein said separating comprises one or both of:
R heating said stack to a temperature sufficiently high so as to soften said bonding layer
sufficiently to allow said first and second substrates to be separated; or

ing said stack to a remover solution so as to dissolve said lift-off layer, if present.

icle comprising:

ubstrate having a back surface and a device surface;

surface.

44,  The article of claim 43, said first rigid Myer and bonding layer having respective

softening temperatures, wherein the softening temperaturdf said first rigid layer is at least about

20°C greater than the softening temperature of said bondin@\aycr.

45.  The article of claim 43, wherein said first rigid layN has a thickness T, of from

about 1 um to about 35 pm.,

46.  The article of claim 43, wherein said bonding layer has a tiNgkness T, of from

about 1 um to about 35 pm.
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47.  Thearticle of claim 43, wherein said article comprises said lift-off layer, and said

\ lift-off layer has a thickness T, of less than about 3 pum.

48,  Thearticle of claim 43, wherein said article comprises said second rigid layer, and

said sd¢ond rigid layer has a thickness T, of from about | pm to about 35 pm.

49. \, Thearticle of claim 43, wherein said article comprises said second rigid layer, and
said second rigid layer and said bonding layer have respective softening temperatures, and the
softening temperaNre of said second rigid layer is at least about 20°C greater than the softening

temperature of said bynding layer.

50.  The article Of claim 43, wherein said first rigid layer has a softening point of at

least about 100°C.

51.  The article of claim 4%, wherein said bonding layer has a softening point of less
than about 220°C.
52.  Thearticle of claim 43, whereihsaid bonding layer is formed from a composition

comprising a polymer or oligomer dissolved or 8{spersed in a solvent sysiem, said polymer or
oligomer being selected from the group consisting o polymers and oligomers of cyclic olefins,
epoxies, acrylics, silicones, styrenics, vinyl halides,\vinyl esters, polyamides, polyimides,
polysulfones, polyethersulfones, cyclic olefins, polyolefinYubbers, and polyurethanes, ethylene-

propylene rubbers, polyamide esters, polyimide esters, polyaxetals, and polyvinyl buterol.

53.  Thearticle of claim 43, wherein said first rigid layer i\formed from a composition
comprising a polymer or oligomer dissolved or dispersed in a solveni\system, said polymer or
oligomer being selected from the group consisting of polymers and oligoigers of cyclic olefins,
epoxies, acrylics, silicones, styrenics, vinyl halides, vinyl esters, polyarhides, polyimides,
polysulfones, polyethersulfones, cyclic olefins, polyolefin rubbers, and polyurethanes, ethylene-

propylene rubbers, polyamide esters, polyimide esters, polyacetals, and polyvinylRQuterol,

41




10

15

20

25

54.  Thearticle of claim 43, wherein said article comprises said lift-off layer, and said
lift-off layer is formed from a compaosition comprising a polymer dissolved or dispersed in a
olvent system, said polymer being selected from the group consisting of poly(vinyl pyridine) and

pdlyamic acids.

The article of claim 43, wherein said article comprises said second rigid layer, and
said second\igid layer is formed from a composition comprising a polymer or oligomer dissolved
or dispersed Iy a solvent system, said polymer or oligomer being selected from the group
consisting of poiWners and oligomers of cyclic olefins, epoxies, acrylics, silicones, styrenics,
vinyl halides, viny[\gsters, polyamides, polyimides, polysulfones, polyethersulfones, cyclic
olefins, polyolefin rubdgrs, and polyurethanes, ethylene-propylene rubbers, polyamide esters,

polyimide esters, polyacetNs, and polyvinyl buterol.

56.  Thearticle of claiN 43, wherein said device surface comprises an array of devices
selected from the group consistiNg of integrated circuits; MEMS; microsensors; power
semiconductors; light-emitting diodes; Naotonic circuits; interposers; embedded passive devices;
and microdevices fabricated on or fromNgilicon, silicon-germanium, gallium arsenide, and

gallium nitride.

57.  The article of claim 43, wherein §jd second substrate comprises a material

selected from the group consisting of silicon, sapphiréyquartz, metal, glass, and ceramics.

58.  The article of claim 43, said device surface\comprising at least one structure
selected from the group consisting of: solder bumps; metal poXg; metal pillars; and structures
formed from a material selected from the group consisting of silicon¥Xpolysilicon, silicon dioxide,
silicon (oxy)nitride, met;i;.%}ow k dielectrics, polymer dielectrics, mégtal nitrides, and metal

silicides.
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59. A temporary bonding method comprising:
providing a stack comprising:
a first substrate having a back surface and a device surface, said device surface
having a peripheral region and a ceniral region;
a second substrate having a carrier surface;
an edge bond adjacent said peripheral region and said carrier surface; and
at least one layer selected from the group consisting of:
a lift-off layer between said edge bond and said device surface;
a lift-off layer between said edge bond and said carrier surface;
an adhesion promoter layer between said edge bond and said device
surface;
an ddhesion promoter layer between said edge bond and said carrier
urface;
a bondind\ayer between said edge bond and said device surface; and
a bonding la¥¢r between said edge bond and said carrier surface; and

separating said first and secon\substrates.

60.  The method of claim 59, saiddge bond being absent from at least some of said

central region so as to form a fill zone.
61. The method of claim 60, said stack furt\er comprising a fill layer in said fill zone.

62.  The method of claim 61, wherein said stack dgmprises at least one layer selected

from the group consisting of:
a bonding layer between said eédge bond and said device s\face; and

a bonding layer between said edge bond and said carrier sur
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and microdevices fabricated on or from silicon, silicon-germanium, gallium arsenide, and

gallium nitride.

64.  The method of claim 59, wherein said second substraie comprises a material

selecyed from the group consisting of silicon, sapphire, quartz, metal, glass, and ceramics.

65.\, The method of claim 59, said device surface comprising at least one structure
selected from Yoe group consisting of: solder bumps; metal posts; metal pillars; and structures
formed from a ma¥grial selected from the group consisting of silicon, polysilicon, silicon dioxide,
silicon (oxy)nitride Nmetal, low k dielectrics, polymer dielectrics, metal nitrides, and metal

stlicides.

66. The methoci ofNglaim 59, wherein said edge bond has a width "D" of from about

2 mm to about 15 mm.

67. The method of claim ), wherein said edge bond is formed is formed from a

composition comprising a polymer or olidgmer dissolved or dispersed in a solvent system, said

polymer or oligomer being selected from thg group consisting of polymers and oligomers of
cyclic olefins, epoxies, acrylics, silicones, stytjnics, vinyl halides, vinyl esters, polyamides,
polyimides, polysulfones, polyethersulfones, &yclic olefins, polyolefin rubbers, and
polyurethanes, ethylene-propylene rubbers, polyamideégsters, polyimide esters, polyacetals, and

polyvinyl buterol.

68.  The method of claim 59, further comprising sutygcting said stack to processing
selected from the group consisting of back-grinding, chemical-mbghanical polishing, etching,
metal and dielectric deposition, patterning, passivation, annealing, axd combinations thereof,

prior to separating said first and second substrates.
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69,  An article comprising:

a first substrate having a back surface and a device surface, said device surface having
a peripheral region and a central region;

a second substrate having a carrier surface;

n edge bond adjacent said peripheral region and said carrier surface; and

atNgast one layer selected from the group consisting of?

a lift-off layer between said edge bond and said device surface;

ift-off layer between said edge bond and said carrier surface;

esion promoter layer between said edge bond and said device surface;

10 ion promoter layer between said edge bond and said carrier surface;

15  central region so as to form a fill zon:
71. The article of ¢laim 70, said Nticle further comprising a fill material in said fill

Zone.,

20 72.  The article of claim 71, wherein said S¥ck comprises at least one layer selected

from the group consisting of:
a bonding layer between said edge bond and said deXice surface; and

a bonding layer between said edge bond and said carridg surface.

25 73.  The article of claim 69, wherein said first substrate\¢omprises a device wafer
having a device surface comprising an array of devices selecied from¥ge group consisting of

integrated circuits; MEMS; microsensors; power semiconductors; light-emitpg diodes; photonic

circuits; interposers; embedded passive devices; and microdevices fabricated dgor from silicon,

silicon-germanium, gallium arsenide, and gallium nitride.

30
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74.  The article of claim 69, wherein said second substrate comprises a material

selected from the group consisting of silicon, sapphire, quartz, metal, glass, and ceramics.

75.  The article of claim 69, said device surface comprising at least one structure
selecRd from the group consisting of: solder bumps; metal posts; metal pillars; and structures
formed hom a material selected from the group consisting of silicon, polysilicon, silicon dioxide,
silicon (ox¥Wnitride, metal, low k dielectrics, polymer dielectrics, metal nitrides, and metal

silicides,

76. The aYicle of claim 69, wherein said edge bond has a width "D" of from about

2 mm to about 15 mm.

77.  The article of Naim 69, wherein said edge bond is formed from a composition
comprising a polymer or oligom¥ dissolved or dispersed in a solvent system, said polymer or
oligomer being selected from the grdyp consisting of polymers and oligomers of cyclic olefins,
cyclic olefins, epoxies, acrylics, silicoRes, styrenics, viny! halides, vinyl esters, polyamides,
polyimides, polysulfones, polyethersullgnes, cyclic olefins, polyolefin rubbers, and
polyurethanes, ethylene-propylene rubbers, pdyamide esters, polyimide esters, polyacetals, and

polyvinyl buterol.

78. A temporary bonding method compris]
providing a stack comprising:
a first substrate having a back surface and a dgyvice surface;
a cleaning layer adjacent said device surface;
a first layer adjacent said cleaning layer, said first Iayer being selected from the
group consisting of bonding layers and rigid laygrs; and
a second substrate having a carrier surface, said first laye\being adjacent said
carrier surféce;
separating said first and second substrates; and
contacting said cleaning layer with a remover solution so as to substantially move said

cleaning layer and any first layer residue remaining after said separatink,
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79. The method of claim 78, further comprising a second bonding layer between said

first layer and said carrier surface.

80.  The method of claim 79, wherein said contacting substantially removes said

secon\ponding layer.

81. \ The method of claim 78, wherein said separating comprises heating said stack to




Claims

1. An article comprising:
a first substrate having a back surface and a device surface;
a first rigid layer adjacent said device surface;
a bonding layer adjacent said first rigid layer; and
a second substrate having a carrier surface, said bonding layer being adjacent said
carrier surface, wherein said article further comprises one or both of the
following:
a lift-off layer between said device surface and said first rigid
layer; or
a second rigid layer between said bonding layer and said carrier
surface;

wherein said bonding layer has a softening point of less than about 220°C.
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