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CLAIMS 

1. A motor assembly comprising: 

a planar substrate; 

a spiral-shaped conductive trace overlying the planar substrate and wound about an 

aperture; and 

a magnetic armature that oscillates within the aperture when an oscillating current is 

applied to the spiral-shaped conductive trace. 

2. The motor assembly of claim 1 wherein the planar substrate has a front side and a back side 

and wherein the spiral-shaped conductive trace overlies the front side, the motor assembly 

further comprising: 

a second spiral-shaped conductive trace having a direction of rotation opposite the spiral-

shaped conductive trace and overlying the back side; and 

a first conductive via connecting the spiral-shaped conductive trace and the second spiral-

shaped conductive trace. 

3. The motor assembly of claim 2 further comprising: 

a first insulating layer overlying the spiral-shaped conductive trace; 

a third spiral-shaped conductive trace wound opposite from the spiral-shaped conductive 

trace and overlying the first insulating layer; 

a second insulating layer overlying the second spiral-shaped conductive trace; 

a fourth spiral-shaped conductive trace wound opposite from the second spiral-shaped 

conductive trace and overlying the second insulating layer; 

a second conductive via connecting the spiral-shaped conductive trace and the third 

spiral-shaped conductive trace; and 

a third conductive via connecting the second spiral-shaped conductive trace and the fourth 

spiral-shaped conductive trace. 
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4. The motor assembly of claim 3 wherein, when a current is applied to the third spiral-shaped 

conductive trace, the current flows in a common winding direction through the four spiral-shaped 

conductive traces. 

5. The motor assembly of claim 3 wherein, when a current is applied to the third spiral-shaped 

conductive trace, the current flows in a first winding direction through the spiral-shaped 

conductive trace and the third spiral-shaped conductive trace and in a second winding direction 

through the second spiral-shaped conductive trace and the fourth spiral-shaped conductive trace. 

6. The motor assembly of claim 1 further comprising: 

a retaining spring that returns the magnetic armature to a centered position. 

7. The motor assembly of claim 6 wherein the retaining spring is made from flexible polymer 

moulded over the magnetic armature and over the planar substrate while retaining air gaps 

between the planar substrate and magnetic armature.

8. The motor assembly of claim 6 wherein the retaining spring includes: 

an upper retaining spring having a first-upper end a second-upper end and a center-upper 

portion;  

a lower retaining spring having a first-lower end a second-lower end and a center-lower 

portion;  

a first tie that penetrates the substrate and connects the first-lower end to the first-upper 

end; and 

a second tie that penetrates the substrate and connects the second-lower end to the 

second-upper end. 

9. The motor assembly of claim 1 further comprising: 

a magnetic retainer positioned aside the magnetic armature and having a magnetic 

orientation that is the opposite of the magnetic orientation of the magnetic armature. 
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10. The motor assembly of claim 9 wherein the magnetic retainer encircles the spiral-shaped 

conductive trace. 

11. The motor assembly of claim 1 further comprising a core enclosing the motor. 

12. A motor assembly comprising: 

a planar substrate; 

a spiral-shaped conductive trace overlying the planar substrate; and 

a magnetic armature that oscillates above the planar substrate when an oscillating current 

is applied to the spiral-shaped conductive trace. 

13. The motor assembly of claim 12 further comprising: 

a retaining spring attached to the magnetic armature. 

14. The motor assembly of claim 13 further comprising: 

a second magnetic armature positioned below the planar substrate; 

an opening in the planar substrate; and 

a tie positioned in the opening that connects the magnetic armature to the second 

magnetic armature. 

15. The motor assembly of claim 14 further comprising: 

a ferrous sleeve that lines the opening in the planar substrate. 

16. The motor assembly of claim 15 further comprising: 

a first end cap laminated to the magnetic armature and connected to a first end of the tie; 

and  

a second end cap laminated to the second magnetic armature and connected to a second 

end of the tie. 

17. A motor assembly comprising: 

a planar substrate;  
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a spiral-shaped conductive trace overlying the planar substrate; 

an E-shaped core having outer legs formed around the spiral-shaped conductive trace and 

a central leg positioned in an opening in the planar substrate; 

an armature assembly positioned between the two outer legs of the E-shaped core and 

having a first magnet and a second magnet connected with a tie; and 

a retaining spring connected to the armature assembly. 

18. A motor array comprising: 

a planar substrate; and 

a plurality of vibratory motors attached to the substrate, the vibratory motors producing 

vibratory motion approximately perpendicular to the planar substrate and the vibratory motors 

independently operable. 

19. The motor array of claim 18 wherein the planar substrate is a cell phone case. 

20. The motor array of claim 19 wherein a notification from the cell phone causes the sequential 

activation of adjacent vibratory motors to produce a vibration wave. 


