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[0005] Further, high speed and high performance transistors are more 

densely integrated in RF devices, even as they are required to carry more power. 

Consequently, the amount of heat generated by the RF devices will increase 

significantly due to the large amount of power passing through the transistors, 

the large number of transistors integrated in the RF devices, and the high 5 

operation speed of the transistors. Accordingly, it is desirable to package the RF 

devices in a configuration for better heat dissipation.  

[0006] Wafer-level fan-out (WLFO) packaging technology and embedded 

wafer-level ball grid array (EWLB) technology currently attract substantial 

attention in portable RF applications. WLFO and EWLB technologies are 10 

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.  

[0007] To accommodate the increased heat generation of the RF devices, 15 

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 a packaging process for a wafer-level package 

with enhanced thermal and electrical performance.    

 20 

Summary 

[0008]   The present disclosure relates to a packaging process to provide a 

wafer-level package with enhanced thermal and electrical performance.  

An exemplary process can include: 

providing a mold wafer having a first die and a first mold compound, 25 

wherein:  

the first die comprises a first device layer, a first dielectric layer over 

the first device layer, and a first silicon substrate over the first dielectric 

layer, wherein the first device layer comprises a plurality of first die 

contacts at a bottom surface of the first device layer;  30 
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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  

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

the first die, wherein the bottom surface of the first device layer is 5 

exposed;  

forming a multilayer redistribution structure underneath the mold wafer, 

wherein: 

the multilayer redistribution structure comprises a first dielectric 

pattern, redistribution interconnects, a second dielectric pattern, and a 10 

plurality of package contacts;  

the first dielectric pattern is formed underneath the first die and the 

plurality of first die contacts are exposed through the first dielectric 

pattern;  

the redistribution interconnects are electrically coupled to the plurality 15 

of first die contacts through the first dielectric pattern and extend 

underneath the first dielectric pattern;  

the second dielectric pattern is formed underneath the first dielectric 

pattern to partially encapsulate each redistribution interconnect;  

the plurality of package contacts are on a bottom surface of the 20 

multilayer redistribution structure, wherein the redistribution 

interconnects connect the plurality of package contacts to certain ones 

of the plurality of first die contacts;  

each of the plurality of package contacts is separate and surrounded 

by a continuous air gap, wherein the continuous air gap extends 25 

underneath the first die; and  

connections between the redistribution interconnects and the plurality 

of first die contacts are solder-free;  

forming a support dielectric layer to fill the continuous air gap and 

encapsulate each of the plurality of package contacts, wherein the support 30 

dielectric layer has a planarized bottom surface;  
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thinning down the first mold compound to expose the top surface of the 

first silicon substrate;  

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

first thinned die and form a cavity within the first mold compound and over 

the first thinned die, wherein the first thinned die has a top surface 5 

exposed at a bottom of the cavity; and  

applying a second mold compound to substantially fill the cavity and 

directly contact the top surface of the first thinned die. 

 

[0009]   In one embodiment of the exemplary process, the first die provides a 10 

microelectromechanical systems (MEMS) component.  

 

[0010]   In one embodiment of the exemplary process, the first die is formed from 

a silicon-on-insulator (SOI) structure. The first device layer of the first die is 

formed from a silicon epitaxy layer of the SOI structure, the first dielectric layer of 15 

the first die is a buried oxide layer of the SOI structure, and the first silicon 

substrate of the first die is a silicon substrate of the SOI structure. 

 

[0011]   In one embodiment of the exemplary process, the mold wafer further 

includes a second intact die, which includes a second device layer and a second 20 

silicon substrate over the second device layer. Herein, a top surface of the 

second die is a top surface of the second silicon substrate and a bottom surface 

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

taller than the second die. The first mold compound encapsulates the sides and 

the top surface of the second die, such that the bottom surface of the second 25 

device layer is exposed.  
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Claims  

What is claimed is:  

 

1. A method comprising:  

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

the first die comprises a first device layer, a first dielectric layer over the 

first device layer, and a first silicon substrate over the first dielectric layer, 

wherein the first device layer 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  

the first mold compound encapsulates the 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 first dielectric pattern, 

redistribution interconnects, a second dielectric pattern, and a plurality of 

package contacts;  

the first dielectric pattern is formed underneath the first die and the 

plurality of first die contacts are exposed through the first dielectric pattern;  

the redistribution interconnects are electrically coupled to the plurality of 

first die contacts through the first dielectric pattern and extend underneath the 

first dielectric pattern;  

the second dielectric pattern is formed underneath the first dielectric 

pattern to partially encapsulate each redistribution interconnect;  

the plurality of package contacts are on a bottom surface of the multilayer 

redistribution structure, wherein the redistribution interconnects connect the 

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

each of the plurality of package contacts is separate and surrounded by a 

continuous air gap, wherein the continuous air gap extends underneath the first 

die; and  
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connections between the redistribution interconnects and the 

plurality of first die contacts are solder-free;  

forming a support dielectric layer to fill the continuous air gap and 

encapsulate each of the plurality of package contacts, wherein the support 

dielectric layer has a planarized bottom surface;  

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

first silicon substrate;  

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

first thinned die and form a cavity 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 cavity; and  

applying a second mold compound to substantially fill the cavity and 

directly contact the top surface of the first thinned die.  

 

2. The method of claim 1 wherein the first die provides a microelectromechanical 

systems (MEMS) component.  

 

3. The method of claim 1 wherein the first die is formed from a silicon-on-

insulator (SOI) structure, wherein the first device layer of the first die is formed 

from a silicon epitaxy layer of the SOI structure, the first dielectric layer of the first 

die is a buried oxide layer of the SOI structure, and the first silicon substrate of 

the first die is a silicon substrate of the SOI structure.  

 

4. The method of claim 1 wherein the mold wafer further comprises a second die, 

which includes a second device layer, and a second silicon substrate over the 

second device layer, wherein:  

a top surface of the second die is a top surface of the second silicon 

substrate and a bottom surface of the second die is a bottom surface of the 

second device layer;  

the first die is taller than the second die; and  
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the first mold compound encapsulates the sides and the top surface of the 

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

 

5. The method of claim 4 wherein the first die provides a MEMS component and 

the second die provides a complementary metal-oxide-semiconductor (CMOS) 

controller that controls the MEMS component.  

 

6. The method of claim 1 wherein the second mold compound has a thermal 

conductivity greater than 2 W/m.K.  

 

7. The method of claim 1 wherein the second mold compound has an electrical 

resistivity greater that 1E6 Ohm-cm.  

 

8. The method of claim 1 wherein the first mold compound is formed from a same 

material as the second mold compound.  

 

9. The method of claim 1 wherein the first mold compound and the second mold 

compound are formed from different materials.  

 

10. The method of claim 1 wherein the top surface of the first thinned die 

exposed at the bottom of the cavity is a top surface of the first dielectric layer.  

 

11. The method of claim 1 wherein the multilayer redistribution structure is free of 

glass fiber.  

 

12. The method of claim 1 further comprising attaching the planarized bottom 

surface of the support dielectric layer to a rigid carrier via an adhesive material 

before applying the second mold compound.  

 

13. The method of claim 12 further comprising detaching the rigid carrier from the 

support dielectric layer after applying the second mold compound.  
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14. The method of claim 1 further comprising removing the support dielectric 

layer to expose the plurality of package contacts after applying the second mold 

compound.  

 

15. A method comprising:  

providing a mold wafer having a first die and a first mold compound, 

wherein:  

the first die comprises a first device layer, a first dielectric layer over 

the first device layer, and a first silicon substrate over the first dielectric 

layer, wherein the first device layer 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  

the first mold compound encapsulates the 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 first dielectric 

pattern, redistribution interconnects, a second dielectric pattern, and a 

plurality of package contacts;  

the first dielectric pattern is formed underneath the first die and the 

plurality of first die contacts are exposed through the first dielectric pattern;  

the redistribution interconnects are electrically coupled to the 

plurality of first die contacts through the first dielectric pattern and extend 

underneath the first dielectric pattern;  

the second dielectric pattern is formed underneath the first 

dielectric pattern to partially encapsulate each redistribution interconnect;  
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the plurality of package contacts are on a bottom surface of the 

multilayer redistribution structure, wherein the redistribution interconnects 

connect the plurality of package contacts to certain ones of the plurality of 

first die contacts;  

each of the plurality of package contacts is separate and 

surrounded by a continuous air gap, wherein the continuous air gap 

extends underneath the first die; and  

connections between the redistribution interconnects and the 

plurality of first die contacts are solder-free;  

forming a support dielectric layer to fill the continuous air gap, wherein:  

the support dielectric layer has a planarized bottom surface;  

the support dielectric layer encapsulates the sides of each of the 

plurality of package contacts; and  

the planarized bottom surface of the support dielectric layer and a 

bottom surface of each of the plurality of package contacts are in a same 

flat plane;  

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

first silicon substrate;  

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

first thinned die and form a cavity 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 cavity;  

applying a second mold compound to substantially fill the cavity and 

directly contact the top surface of the first thinned die; and  

removing at least one portion of the support dielectric layer after applying 

the second mold compound, such that at least portions of the sides of each of the 

plurality of package contacts are exposed.  

 

16. The method of claim 1 further comprising forming a passivation layer that 

covers at least exposed bottom surface portions of the second dielectric pattern 

within the continuous air gap before forming the support dielectric layer, wherein 
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the passivation layer is not vertically beyond the plurality of package contacts.  

 

17. A method comprising:  

providing a mold wafer having a first die and a first mold compound, 

wherein:  

the first die comprises a first device layer, a first dielectric layer over 

the first device layer, and a first silicon substrate over the first dielectric 

layer, wherein the first device layer 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  

the first mold compound encapsulates the 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 that connect the plurality of 

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

each of the plurality of package contacts is separate and 

surrounded by a continuous air gap, wherein the continuous air gap 

extends underneath the first die; and  

connections between the redistribution interconnects and the 

plurality of first die contacts are solder-free;  

forming a support dielectric layer to fill the continuous air gap, wherein the 

support dielectric layer has a planarized bottom surface;  

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

first silicon substrate;  
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removing completely the first silicon substrate of the first die to provide a 

first thinned die and form a cavity within the first mold compound and over the 

first thinned die, wherein a top surface of the device layer is exposed at a bottom 

of the cavity; and  

applying a second mold compound to substantially fill the cavity and 

directly contact the top surface of the first thinned die. 




