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DIRECT BOND METHOD PROVIDING THERMAL EXPANSION MATCHED 

DEVICES 

 

BACKGROUND 

[0001] The present disclosure relates to a direct bond method and to a direct bond 

method that provides for thermal expansion matched devices for true heterogeneous three-

dimensional integration. 

[0002] Many currently used infrared sensor chip assemblies include silicon readout 

integrated circuits (ROIC) that are hybridized to mercury cadmium tellurium (HgCdTe) 

detector arrays using indium (In) bumps. Problems with such assemblies exist, however, in 

that these indium bumps tend to fail as a result of their inability to survive the large number 

of thermal cycles required for the assembly processes due to the coefficient of thermal 

expansion (CTE) mismatch between silicon (Si) and the HgCdTe. 

[0003] While previous attempts to address these problems have been attempted, none 

are completely useful or satisfactory. For example, for indium bump (IB) focal plane arrays 

(FPAs), the approach has been to attempt to CTE match the ROIC to a detector by adhesively 

bonding titanium (Ti) and silicon (Si) shims to the back of a sensor chip assembly (SCA) 

after dicing and hybridization. While this approach can be effective, it is an expensive die-

level process and is performed manually by skilled labor. 

[0004] As another example, for heterogeneous three-dimensional (3D) integration, 

approaches include epitaxial growth of III-V semiconductor materials, such as gallium nitride 

(GaN), on a silicon (Si) substrate using buffer layers to provide the lattice match, or 

ultrasonically bonding a bonded completed III-V die to a silicon (Si) circuit. In both of these 

cases, III-V layers can tend to cause degraded performance due to stress associated with CTE 

mismatches between the III-V devices and silicon (Si) substrates.    

 

SUMMARY 

[0005] According to one aspect, there is provided a method of transferring an 

integrated circuit (IC) onto an alternative substrate  at a wafer level to enable coefficient of 

thermal expansion (CTE) matching for a circuit layer to a different material. The method is 

executable relative to a wafer with a circuit layer having a first major surface and a second 

major surface opposite the first major surface, and a substrate affixed to the first major 

surface. The method includes temporarily bonding a handle to the second major surface, 

removing a substantial portion of the substrate to expose the first major surface and bonding a 

second substrate to the first major surface with deposited bonding material to hybridize the 

circuit layer; removing the handle from the second major surface; and connecting the second 
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major surface to an additional substrate, which is thermally matched to the circuit layer 

hybridized with the second substrate. 

[0006] According to another aspect, there is provided a method of transferring an 

integrated circuit (IC) onto an alternative substrate at a wafer level  to enable coefficient of 

thermal expansion (CTE) matching. The method is executable relative to a complementary-

metal-oxide-semiconductor (CMOS) wafer with a circuit layer, a first major surface, a second 

major surface opposite the first major surface, and a substrate affixed to the first major 

surface. The method includes temporarily bonding a handle to the second major surface, 

removing a substantial portion of the substrate to expose the first major surface through a thin 

layer of substrate remainder and bonding a Sapphire substrate to the first major surface and 

the thin layer of substrate remainder with a deposited and polished bonding oxide to 

hybridize the circuit layer; removing the handle from the second major surface; and 

connecting the second major surface to an additional substrate, which is thermally matched to 

the circuit layer hybridized with the second substrate. 

[0007] Disclosed herein is a wafer level integrated circuit (IC) transfer enabling 

structure. The structure includes a circuit layer having a first major surface and a second 

major surface opposite the first major surface, a substrate remainder, which is substantially 

thinner than the circuit layer, affixed to the first major surface, a handle temporarily bonded 

to the second major surface, and a Sapphire substrate bonded to the first major surface and 

the substrate remainder with a deposited and polished bonding oxide. 

[0008] Additional features and advantages are realized through embodiments of the 

present invention. Other embodiments and aspects of the invention are described in detail 

herein and are considered a part of the claimed invention. 

 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0009]  For a more complete understanding of this disclosure, reference is now made 

to the following brief description, taken in connection with the accompanying drawings and 

detailed description, wherein like reference numerals represent like parts: 

[0010] FIG. 1 is a schematic illustration of a wafer manufacturing foundry and a 

processing plant in accordance with embodiments;  

[0011] FIG. 2 is a side view of a wafer produced in the foundry of FIG. 1 in 

accordance with embodiments; 

[0012] FIG. 3 is a side view of a handle that is temporarily bonded to the wafer of 

FIG. 2; 

[0013] FIG. 4A is a side view of the handle and the wafer of FIG. 3 following 

removal of substrate material from the wafer;  
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CLAIMS 

  

1. A method of transferring an integrated circuit (IC) onto an alternative substrate at a 

wafer level to enable coefficient of thermal expansion (CTE) matching for a circuit layer to a 

different material, 

the method being executable relative to a wafer with a circuit layer having a first 

major surface and  a second major surface opposite the first major surface, and a substrate 

affixed to the first major surface,  

the method comprising: 

temporarily bonding a handle to the second major surface; 

removing a  substantial portion of the substrate to expose the first major surface;  

bonding a second substrate to the first major surface with deposited bonding material 

to hybridize the circuit layer; 

removing the handle from the second major surface; and 

connecting the second major surface to an additional substrate, which is thermally 

matched to the circuit layer hybridized with the second substrate. 

 

2. The method according to claim 1, wherein the wafer comprises a complementary-

metal-oxide-semiconductor (CMOS) wafer. 

 

3. The method according to claim 1, wherein temporarily bonding a handle to the second 

major surface comprises applying thermoplastic adhesive. 

 

4. The method according to claim 1, wherein the removing of the substantial portion of 

the substrate comprises at least one or more of grinding and polishing. 

 

5. The method according to claim 1, wherein the removing of the substantial portion of 

the substrate leaves a remainder of the substrate that is thinner than the circuit layer. 

 

6. The method according to claim 1, wherein the circuit layer is approximately 10 �m 

thick and the removing of the substantial portion of the substrate leaves a remainder of the  

substrate  that is thinner than the circuit layer. 
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7. The method according to claim 1, wherein the deposited bonding material comprises 

bonding oxide. 

 

8. The method according to claim 1, wherein bonding a second substrate to the first 

major surface comprises: 

depositing the bonding material to the first major surface with a thickness of 

approximately 2-15 nm; and 

polishing the bonding material down to a thickness of approximately 0.3-0.5 nm.   

 

9. The method according to claim 1, wherein the second substrate comprises a plasma 

activated surface or aluminum oxide. 

 

10. The method according to claim 1, wherein the circuit layer is approximately 10 �m 

thick and the second substrate is approximately 1500 �m thick. 

 

11. A method of transferring an integrated circuit (IC) onto an alternative substrate at a 

wafer level to enable coefficient of thermal expansion (CTE) matching, 

the method being executable relative to a complementary-metal-oxide-semiconductor 

(CMOS) wafer with a circuit layer having a first major surface and a second major surface 

opposite the first major surface, and a substrate affixed to the first major surface; 

temporarily bonding a handle to the second major surface; 

removing a substantial portion of the substrate to expose the first major surface 

through a thin layer of substrate remainder;  

bonding a Sapphire substrate to the first major surface and the thin layer of substrate 

remainder with a deposited and polished bonding oxide to hybridize the circuit layer; 

removing the handle from the second major surface; and 

connecting the second major surface to an additional substrate, which is thermally 

matched to the circuit layer hybridized with the second substrate. 

 

12. The method according to claim 11, wherein: 

temporarily bonding a handle to the second major surface comprises applying 

thermoplastic adhesive. 
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13. The method according to claim 11, wherein the removing of the substantial portion of 

the substrate comprises at least one or more of grinding and polishing the substrate down to 

the substrate remainder. 

 

14. The method according to claim 11, wherein the circuit layer is approximately 10 �m 

thick and the substrate remainder is thinner than the circuit layer. 

 

15. The method according to claim 11, wherein the circuit layer is approximately 10 �m 

thick and the Sapphire substrate is approximately 1500 �m thick. 

 

16. The method according to claim 1, wherein the additional substrate comprises a 

detector array. 

 

17. The method according to claim 16, wherein: 

the detector array comprises photo-electric elements and an additional surface which 

is complementary to the second major surface, and 

the connecting comprises depositing interconnects on the second major surface and on 

the additional surface. 

 

18. The method according to claim 11, wherein the additional substrate comprises a 

detector array. 

 

19. The method according to claim 18, wherein: 

the detector array comprises photo-electric elements and an additional surface which 

is complementary to the second major surface, and 

the connecting comprises depositing interconnects on the second major surface and on 

the additional surface. 

 


