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attention in portable RF applications. WLFO and EWLB technologies are designed to 

provide high density input/output ports (I/O) as well as low profile package height 

without increasing the size of the component semiconductor chips. The I/O pad size on 

the chip remains small keeping die size to a minimum.  This capability allows for 

densely packaging the RF devices within a single wafer.  5 

[0006] To reduce deleterious harmonic distortion of the RF devices, and to utilize 

advantages of WLFO/EWLB packaging technologies, it is therefore an object of the 

present disclosure to provide an improved package design with enhanced performance. 

Further, there is also a need to enhance the performance of the RF devices without 

increasing the package size. 10 

 

Summary 

[0007] The present disclosure relates to a wafer-level package with enhanced electrical 

and rigidity performance, and a packaging process for making the same. The disclosed 

wafer-level package includes a first thinned die, a second intact die, a multilayer 15 

redistribution structure, a first mold compound, and a second mold compound. The first 

thinned die includes a first device layer, which is formed from glass materials and has a 

number of first die contacts at a bottom surface of the first device layer. The second 

intact die includes a second device layer and an intact silicon substrate over the second 

device layer, wherein the second device layer comprises a plurality of second die 20 

contacts at a bottom surface of the second device layer. The multilayer redistribution 

structure includes a number of package contacts on a bottom surface of the multilayer 

redistribution structure and redistribution interconnects that connect the package 

contacts to certain ones of the first die contacts and certain ones of the second die 

contacts. Connections between the redistribution interconnects and the first die 25 

contacts, and between the redistribution interconnects and the second die contacts are 

solder-free. In addition, the first mold compound resides over the multilayer 

redistribution structure and around the first thinned die, and extends beyond a top 

surface of the first thinned die to define an opening within the first mold compound and 

over the first thinned die. The top surface of the first thinned die is exposed at a bottom 30 

of the opening. Additionally, the top surface of the first thinned die is at the bottom of the 
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opening. The second mold compound fills the opening and is in contact with the top 

surface of the first thinned die. 

[0008] In one embodiment of the wafer-level package, the glass materials are at least 

one of a group consisting of Silicon Dioxide (SiO2), Aluminum Oxide (Al2O3), Lithium 

superoxide (LiO2), Barium oxide (BaO), Potassium oxide (K2O),  5 
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[0019] In one embodiment of the wafer-level package, the multilayer redistribution 

structure is glass-free. 

[0020] According to an exemplary process, a mold wafer having a first die and a first 

mold compound is provided. The first die includes a first device layer and a first silicon 5 

substrate over the first device layer. The first device layer is formed from glass materials 

and includes a number of first die contacts at a bottom surface of the first device layer. 

A top surface of the first die is a top surface of the first silicon substrate and a bottom 

surface of the first die is the bottom surface of the first device layer. The first mold 

compound encapsulates sides and top of the first die such that the bottom surface of 10 

the first device layer is exposed. Next, a multilayer redistribution structure is formed 

underneath the mold wafer. The multilayer redistribution structure includes a number of 

package contacts on a bottom surface of the multilayer redistribution structure and 

redistribution interconnects that connect the package contacts to certain ones of the first 

die contacts. Connections between the redistribution interconnects and the first die 15 

contacts are solder-free. The first mold compound is then thinned down to expose the 

top surface of the first silicon substrate. The first silicon substrate of the first die is 

removed substantially to provide a first thinned die and form an opening within the first 

mold compound and over the first thinned die. A top surface of the first thinned die is 

exposed at a bottom of the opening. The first thinned die has a top surface exposed at a 20 

bottom of the opening. Lastly, a second mold compound is applied to substantially fill 

the opening and directly contact the top surface of the first thinned die.  

[0021] Those skilled in the art will appreciate the scope of the present disclosure and 

realize additional aspects thereof after reading the following detailed description of the 

preferred embodiments in association with the accompanying drawing figures. 25 

 

Brief Description of the Drawing Figures 

[0022] The accompanying drawing figures incorporated in and forming a part of this 

specification illustrate several aspects of the disclosure, and together with the 

description serve to explain the principles of the disclosure. 30 
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Claims 

What is claimed is:  

 

1. An apparatus comprising:  

a first thinned die comprising a first device layer, which is formed from glass materials and 5 

comprises a plurality of first die contacts at a bottom surface of the first device layer;  

a second intact die comprising a second device layer and an intact silicon substrate over the 

second device layer, wherein the second device layer comprises a plurality of second die contacts at 

a bottom surface of the second device layer;  

a multilayer redistribution structure comprising a plurality of package contacts on a bottom 10 

surface of the multilayer redistribution structure and redistribution interconnects that connect the 

plurality of package contacts to certain ones of the plurality of first die contacts and certain ones of 

the plurality of second die contacts, wherein connections between the redistribution interconnects 

and the plurality of first die contacts, and between the redistribution interconnects and the plurality 

of second die contacts are solder-free;   15 

a first mold compound residing over the multilayer redistribution structure wherein:  

the first mold compound surrounds the first thinned die, and extends beyond a top 

surface of the first thinned die to define an opening within the first mold compound and 

over the first thinned die, wherein the top surface of the first thinned die is at a bottom of 

the opening; and  20 

the first mold compound encapsulates the second intact die; and   

a second mold compound filling the opening and in contact with the top surface of the first 

thinned die. 

 

2. The apparatus of claim 1 wherein the glass materials are at least one of a group consisting of 25 

Silicon Dioxide (SiO2), Aluminum Oxide (Al2O3), Lithium superoxide (LiO2), Barium oxide (BaO), 

Potassium oxide (K2O), Sodium Oxide (Na2O), Boron Oxide (B2O3), Magnesium Oxide (MgO), 

Strontium Oxide (SrO), and Calcium Oxide (CaO). 

 

3. The apparatus of claim 1 wherein the first device layer has a thickness between 5 μm and 1000 30 

μm. 

 

4. The apparatus of claim 1 wherein the first device layer has a thickness between 70 μm and 200 

μm. 
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5. The apparatus of claim 1 wherein the first thinned die provides a microelectromechanical systems 

(MEMS) component. 

 

6. The apparatus of claim 1 wherein the first thinned die provides a MEMS component and the 5 

second intact die provides a complementary metal-oxide-semiconductor (CMOS) controller that 

controls the MEMS component. 

 

7. The apparatus of claim 1 wherein the second device layer is formed from a combination of 

dielectric and metal layers. 10 

 

8. The apparatus of claim 1 wherein the second mold compound has an electrical resistivity greater 

than 1E6 Ohm-cm. 

 

9. The apparatus of claim 1 wherein the first mold compound is formed from a same material as the 15 

second mold compound. 

 

10. The apparatus of claim 1 wherein the first mold compound and the second mold compound are 

formed from different materials. 

 20 

11. The apparatus of claim 1 wherein the top surface of the first thinned die exposed at the bottom 

of the opening is a top surface of the first device layer. 

 

12. The apparatus of claim 1 wherein the second mold compound is formed from thermoplastics or 

thermoset materials with a thermal conductivity greater than 2 W/m·K. 25 

 

13. The apparatus of claim 12 wherein the first device layer has a thickness between 70 μm and 

1000 μm. 

 

14. The apparatus of claim 1 wherein the second mold compound is formed from organic epoxy 30 

resin. 

 

15. The apparatus of claim 14 wherein the first device layer has a thickness between 5 μm and 1000 

μm. 
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16. The apparatus of claim 1, wherein the multilayer redistribution structure is glass-free. 

 

17. A method comprising:  

providing a mold wafer having a first die and a first mold compound, wherein:  5 

the first die comprises a first device layer and a first silicon substrate over the first 

device layer, wherein the first device layer is formed from glass materials and comprises a 

plurality of first die contacts at a bottom surface of the first device layer;  

a top surface of the first die is a top surface of the first silicon substrate and a 

bottom surface of the first die is the bottom surface of the first device layer; and  10 

the first mold compound encapsulates sides and the top surface of the first die, 

wherein the bottom surface of the first device layer is exposed;  

forming a multilayer redistribution structure underneath the mold wafer, wherein:  

the multilayer redistribution structure comprises a plurality of package contacts on a 

bottom surface of the multilayer redistribution structure and redistribution interconnects 15 

that connect the plurality of package contacts to certain ones of the plurality of first die 

contacts; and  

connections between the redistribution interconnects and the plurality of first die 

contacts are solder-free;  

thinning down the first mold compound to expose the top surface of the first silicon 20 

substrate;  

removing substantially the first silicon substrate of the first die to provide a first thinned die 

and form an opening within the first mold compound and over the first thinned die, wherein the first 

thinned die has a top surface exposed at a bottom of the opening; and  

applying a second mold compound to substantially fill the opening and directly contact the 25 

top surface of the first thinned die. 

 

18. The method of claim 17 wherein the first die provides a MEMS component. 

 

19. The method of claim 17 wherein:  30 

the second mold compound is formed from thermoplastics or thermoset materials with a 

thermal conductivity greater than 2 W/m·K;  

the second mold compound is applied between 250 psi and 1000 psi; and  

the first device layer has a thickness between 70 μm and 1000 μm. 



23 

 

 

20. The method of claim 17, wherein:  

the second mold compound is formed from organic epoxy resin;  

the second mold compound is applied between 100 psi and 1000 psi; and  

the first device layer has a thickness between 5 μm and 1000 μm. 5 

 

21. The method of claim 17, wherein the mold wafer further comprises a second intact die, wherein:  

the second intact die has a second device layer and a second silicon substrate over the 

second device layer, wherein the second device layer comprises a plurality of second die contacts at 

a bottom surface of the second device layer; and  10 

the first mold compound encapsulates sides and a top surface of the second intact die, 

wherein the bottom surface of the second device layer is exposed. 

 

22. The method of claim 21, wherein forming the multilayer redistribution structure underneath the 

mold wafer further comprises connecting the plurality of package contacts to certain ones of the 15 

plurality of second die contacts by the redistribution interconnects. 

 

23. The method of claim 22, wherein the second intact die is shorter than the first die, such that 

after thinning down the first mold compound to expose the top surface of the first silicon substrate, 

the second silicon substrate is not exposed and is still encapsulated by the first mold compound.  20 




