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Claims 

hat is claimed is: 

1. An integrated circuit (IC) package assembly comprising: 

	

5 	a r-st layer having a first side and a second side disposed opposite to the 

first side; 

a seco d layer coupled with the first side of the first layer; 

one or m e antenna elements coupled with the second layer; and 

a third layer oupled with the second side of the first layer, wherein the first 

	

10 	layer is a reinforceme t layer having a tensile modulus that is greater than a 

tensile modulus of the s and layer and the third layer. 

2. The IC package as 	bly of claim 1, wherein: 

c

\ 

 

the second layer and the third layer have a same material composition; and 

a surface roughness of th second layer and the third layer is less than a 

	

15 	surface roughness of the first layer. 

3. The IC package assembly of cla1m 1, wherein: 

the first layer comprises liquid crystal polymer (LCP) or prepreg material; 

and 

the second layer and the third layer co 	rise liquid crystal polymer (LCP) 

	

20 	or an epoxy-based material. 

4. The IC package assembly of claim 3, wherei 

the first layer comprises LCP with glass; and 

the second layer and the third layer comprise LCP ithout glass. 

5. The IC package assembly of claim 1, wherein: 

	

25 	the one or more antenna elements comprise one or mor- plated metal 

features formed on the second layer. 

6. The IC package assembly of claim 1, wherein a first side of the third layer 

is coupled with the second side of the first layer, the IC package assem ly further 

comprising: 

	

30 	an electrical routing feature disposed on a second side of the third lay 

the second side of the third layer being disposed opposite to the first side of the 

third layer; and 
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a via structure or plated-through hole structure coupled with the electrical 

outing feature and the one or more antenna elements, the via structure or plated- 

through hole structure extending through the first layer, the second layer and the 

third\la
\
yer. 

	

5 	7. 	he IC package assembly of any of claims 1-6, wherein: 

they first layer defines a plane extending in a horizontal direction; and 

no pla ed metal features for routing electrical signals in the horizontal 

direction are directly disposed on the first layer. 

8. 	The IC pakage assembly of any of claims 1-6, wherein the one or more 

	

10 	antenna elements ins ude a first capacitive element, the IC package assembly 

further comprising: 

a second capacitive element directly coupled with the third layer, wherein 

the first capacitive element a d the second capacitive element are components of 

a multi-layer capacitively couples antenna. 

	

15 	9. 	The IC package assembly o any of claims 1-6, further comprising: 

a fourth layer having a first sid and a second side disposed opposite to the 

first side; 

a fifth layer coupled with the first si 	of the fourth layer; and 

a sixth layer coupled with the second \i e of the fourth layer, wherein the 

	

20 	fourth layer is a reinforcement layer having a ten file modulus that is greater than a 

tensile modulus of the fifth layer and the sixth layer, wherein the fifth layer is 

coupled with the third layer. 

10. The IC package assembly of any of claims 1-6, fu her comprising: 

an antenna ground layer coupled with the third layer, and 

	

25 	a radio frequency (RF) die coupled with the antenna gr and layer. 

11. A method of fabricating a multi-layer package assembly, t e method 

comprising: 

providing a first layer having a first side and a second side disposed 

opposite to the first side; 

	

30 	coupling a second layer with the first side of the first layer; 

coupling a third layer with the second side of the first layer; and 
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forming one or more antenna elements on the second layer, wherein the 

irst layer is a reinforcement layer having a tensile modulus that is greater than a 

to sile modulus of the second layer and the third layer. 

12. The method of claim 11, wherein coupling the second layer with the first 

	

5 	side of e first layer and coupling the third layer with the second side of the first 

layer is pe ormed by lamination. 

13. The 	thod of any of claims 11-12, wherein forming the one or more 

antenna elemehcomprises plating the second layer with a metal. 

14. The methodf claim 13, further comprising: 

	

10 	forming an ofteping for a via or plated-through hole (PTH) through the first 

layer, the second layer d the third layer. 

15. The method of clai 14, further comprising: 

depositing a metal to fil,  the opening during a same metal deposition 

process that is used to form the \ ne or more antenna elements. 

	

15 	16. 	The method of claim 14, furter comprising: 

forming a solder mask layer on the second layer. 

17. A computing device comprising: 

a circuit board; and 

an integrated circuit (IC) package asse bly coupled with the circuit board, 

	

20 	the IC package assembly including: 

a first layer having a first side and a second side disposed opposite 

to the first side; 

a second layer coupled with the first side of the first layer; 

one or more antenna elements coupled with t e second layer; and 

	

25 	 a third layer coupled with the second side of the rst layer, wherein 

the first layer is a reinforcement layer having a tensile mo lus that is 

greater than a tensile modulus of the second layer and the t ir
\
d layer. 

18. The computing device of claim 17, wherein a first side of the thing layer is 

coupled with the second side of the first layer, the IC package assembly 'f rther 

	

30 	comprising: 

an electrical routing feature disposed on a second side of the third laye 

the second side of the third layer being disposed opposite to the first side of the 

third layer; and 

28 



29 

WO 2015/171118 	 PCT/US2014/036949 

a via structure or plated-through hole structure coupled with the electrical 

routing feature and the one or more antenna elements, the via structure or plated- 

thir%

th ough hole structure extending through the first layer, the second layer and the 

,,, ayer. 

	

5 	19. 	he computing device of any of claims 17-18, wherein: 

the first layer defines a plane extending in a horizontal direction; and 

no pl ed metal features for routing electrical signals in the horizontal 

direction are di ctly disposed on the first layer. 

	

20. 	The compu 'rig device of any of claims 17-18, wherein: 

	

10 	the computing device is a mobile computing device including one or more 

of a display, a touchscr xn display, a touchscreen controller, a battery, an audio 

codec, a video codec, a per amplifier, a global positioning system (GPS) 

device, a compass, a Geiger\counter, an accelerometer, a gyroscope, a speaker, 

or a camera coupled with the ci uit board. 



Claims 

What is claimed is: 

1. An integrated circuit (IC) package assembly comprising: 

a first layer having a first side and a second side disposed opposite to the first 

side; 

a second layer coupled with the first side of the first layer; 

one or more antenna elements coupled with the second layer; and 

a third layer coupled with the second side of the first layer, wherein the first layer 

is a reinforcement layer having a tensile modulus that is greater than a tensile modulus 

of the second layer and the third layer. 

2. The IC package assembly of claim 1, wherein: 

the second layer and the third layer have a same material composition; and 

a surface roughness of the second layer and the third layer is less than a surface 

roughness of the first layer. 

3. The IC package assembly of claim 1, wherein: 

the first layer comprises liquid crystal polymer (LCP) or prepreg material; and 

the second layer and the third layer comprise liquid crystal polymer (LCP) or an 

epoxy-based material. 

4. The IC package assembly of claim 3, wherein: 

the first layer comprises LCP with glass; and 

the second layer and the third layer comprise LCP without glass. 

5. The IC package assembly of claim 1, wherein: 

the one or more antenna elements comprise one or more plated metal features 

formed on the second layer. 
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6. The IC package assembly of claim 1, wherein a first side of the third layer is 

coupled with the second side of the first layer, the IC package assembly further 

comprising: 

an electrical routing feature disposed on a second side of the third layer, the 

second side of the third layer being disposed opposite to the first side of the third layer; 

and 

a via structure or plated-through hole structure coupled with the electrical routing 

feature and the one or more antenna elements, the via structure or plated-through hole 

structure extending through the first layer, the second layer and the third layer. 

7. The IC package assembly of claim 1, wherein: 

the first layer defines a plane extending in a horizontal direction; and 

no plated metal features for routing electrical signals in the horizontal direction 

are directly disposed on the first layer. 

8. The IC package assembly of claim 1, wherein the one or more antenna elements 

include a first capacitive element, the IC package assembly further comprising: 

a second capacitive element directly coupled with the third layer, wherein the first 

capacitive element and the second capacitive element are components of a multi-layer 

capacitively coupled antenna. 

9. The IC package assembly of claim 1, further comprising: 

a fourth layer having a first side and a second side disposed opposite to the first 

side; 

a fifth layer coupled with the first side of the fourth layer; and 

a sixth layer coupled with the second side of the fourth layer, wherein the fourth 

layer is a reinforcement layer having a tensile modulus that is greater than a tensile 

modulus of the fifth layer and the sixth layer, wherein the fifth layer is coupled with the 

third layer. 

10. The IC package assembly of claim 1, further comprising: 
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an antenna ground layer coupled with the third layer; and 

a radio frequency (RF) die coupled with the antenna ground layer. 

11. A method of fabricating a multi-layer package assembly, the method comprising: 

providing a first layer having a first side and a second side disposed opposite to 

the first side; 

coupling a second layer with the first side of the first layer; 

coupling a third layer with the second side of the first layer; and 

forming one or more antenna elements on the second layer, wherein the first 

layer is a reinforcement layer having a tensile modulus that is greater than a tensile 

modulus of the second layer and the third layer. 

12. The method of claim 11, wherein coupling the second layer with the first side of 

the first layer and coupling the third layer with the second side of the first layer is 

performed by lamination. 

13. The method of claim 11, wherein forming the one or more antenna elements 

comprises plating the second layer with a metal. 

14. The method of claim 13, further comprising: 

forming an opening for a via or plated-through hole (PTH) through the first layer, 

the second layer and the third layer. 

15. The method of claim 14, further comprising: 

depositing a metal to fill the opening during a same metal deposition process that 

is used to form the one or more antenna elements. 

16. The method of claim 14, further comprising: 

forming a solder mask layer on the second layer. 

17. A computing device comprising: 
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a circuit board; and 

an integrated circuit (IC) package assembly coupled with the circuit board, the IC 

package assembly including: 

a first layer having a first side and a second side disposed opposite to the 

first side; 

a second layer coupled with the first side of the first layer; 

one or more antenna elements coupled with the second layer; and 

a third layer coupled with the second side of the first layer, wherein the 

first layer is a reinforcement layer having a tensile modulus that is greater than a 

tensile modulus of the second layer and the third layer. 

18. The computing device of claim 17, wherein a first side of the third layer is 

coupled with the second side of the first layer, the IC package assembly further 

comprising: 

an electrical routing feature disposed on a second side of the third layer, the 

second side of the third layer being disposed opposite to the first side of the third layer; 

and 

a via structure or plated-through hole structure coupled with the electrical routing 

feature and the one or more antenna elements, the via structure or plated-through hole 

structure extending through the first layer, the second layer and the third layer. 

19. The computing device of claim 17, wherein: 

the first layer defines a plane extending in a horizontal direction; and 

no plated metal features for routing electrical signals in the horizontal direction 

are directly disposed on the first layer. 

20. The computing device of claim 17, wherein: 

the computing device is a mobile computing device including one or more of a 

display, a touchscreen display, a touchscreen controller, a battery, an audio codec, a 

video codec, a power amplifier, a global positioning system (GPS) device, a compass, a 
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Geiger counter, an accelerometer, a gyroscope, a speaker, or a camera coupled with 

the circuit board. 
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