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 

        

                                   

    





                       

                

                              

                                   

        

  

            

           

           

                              

                       

                     

                                   

         

 

                  

          

          

              

            

                              

                                   

  

                                  

                                   





 

        

     





  

                            

            



                                 

                    

                       

                            

                      



                                



                                  

                

 

 

                  



                              



                              













                                   

 





                                  

                  

        



                          



                          



                                



                            



                            

            



                                   

     



                                     

      









                                     



                                 



                                    



                            



                          



                          



                                



                                    



                      



                             

 

        

                               



                                   



                              







                           



                                 

           



                                  



                                     

 





                                     



                      

                  



               

                       

                 

 



                                    

           









                                   



                                   



                                   





                              



          



            

          

         





  

                       



               



                                



                        



                     



                                





 



 

         

           

  


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     







            





           

            

             

              

            

             

          

           

               





             

           

           

   

             

            

         





FM TV GSM WiFi

88 – 108 MHz 470 - 806 MHz 850/1900 MHz 2.4 GHz

Ambient RF sources

Frequency

         

 

             

           

     

           

             





  

     
     
     

       

            

           



           

              

 

           

   








                 


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



               

              

 

   

 




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Antenna Load

        

 

               



          

       



           





                

            

  

     

              

           

         

          





          

             

           

          

            

       

           

         

   





           

           

           

  





 

   






D1Vin

1

2

Vout

D2 D3 D4 D5 Dn-2 Dn-1 Dn Dn+1

C1

C2

C3

C4

C5 Cn

Cn-1

    

D1 D2 D3 D4

1
2

Dn+1

Cn+1

Vout

CnC4C1 C2 C3

    

            

   





  

    

  


  
 


 

 

 







      

 




  
 


 

  

 

   

 
  


  


 


 
 



 

    

            





   

       

       

       

        

       

       

       

       

      

 

             

     


              

      





DrainSource

Control

M1

CM
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 



               

    

              

   

      

             

              

 

  

      

    

            

  



            

  

            

          

             

   

                


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 
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

     
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               

       
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             

         

          





M1 M2 M3

Vin

Mn-1
C1 C3 Cn-1 Cn Cn+1

Mn Mn+1

Vout

C2

        

M1 M2 M3

Vin

Mn-1
C1 C3 Cn-1 Cn Cn+1

Mn Mn+1

Vout

C2

   

          

         

            

         

         

           





M1 M2 M3

Vin

Mn-1
C1 C3 Cn-1 Cn Cn+1

Mn Mn+1

Vout

C2

   

             

          

    


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Level of Compensation



           





26.5
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Number of Stages

 

       

         

           


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Number of Stages

 

              

          

       





  

              

         





60 80 100 120 140 160 180 200 220
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Input Voltage (mV)

This work-voltage (1 MLoad) - Measured
This work-voltage (5 MLoad) - Measured
This work-efficiency (1 MLoad) - Measured
This work-efficiency (5 MLoad) - Measured

         

           







               

        

                 

             

    

               

           


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Received Power (dBm)

Received Power

This work-efficiency (1 M Load) - Simulated
This work-efficiency (5 M Load) - Simulated
This work-efficiency (1 M Load) - Measured
This work-efficiency (5 M Load) - Measured
Papotto-2011 (1 M Load)


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Received Power (dBm)

This work-efficiency (1 M Load) - Simulated
This work-efficiency (5 M Load) - Simulated
This work-efficiency (1 M Load) - Measured
This work-efficiency (5 M Load) - Measured
Papotto-2011 (1 M Load)

      


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Received Power (dBm)

Received Power
This work-voltage (1 M Load) - Simulated
This work-voltage (5 M Load) - Simulated
This work-voltage (1 M Load) - Measured
This work-voltage (5 M Load) - Measured
Papotto-2011 (1 M Load)

        

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Received Power (dBm)

This work-voltage (1 M Load) - Simulated
This work-voltage (5 M Load) - Simulated
This work-voltage (1 M Load) - Measured
This work-voltage (5 M Load) - Measured
Papotto-2011 (1 M Load)

       


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Received Power (dBm)

Received Power
This work-efficiency (1 M Load) - Simulated
This work-voltage (1 M Load) - Simulated
This work-efficiency (1 M Load) - Measured
This work-voltage (1 M Load) - Measured
Papotto-2011 (1 M Load)

          
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Received Power (dBm)

This work-efficiency (1 M Load) - Simulated
This work-voltage (1 M Load) - Simulated
This work-efficiency (1 M Load) - Measured
This work-voltage (1 M Load) - Measured
Papotto-2011 (1 M Load)

        



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Received Power (dBm)

This work-efficiency (1 M Load) - Simulated
This work-efficiency (5 M Load) - Simulated
This work-efficiency (1 M Load) - Measured
This work-efficiency (5 M Load) - Measured
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               

  



          

   

            

         





M1 M2 M3

Vin

Mn-1
C1 C3 Cn-1 Cn Cn+1

Mn Mn+1

Vout

C2

         
   

M1 M2 M3

Vin

Mn-1
C1 C3 Cn-1 Cn Cn+1

Mn Mn+1

Vout

C2

         
   

      

            







25.55

22.30

19.05

15.80
12.55

9.300

6.050
2.800
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30

Level of Compensation



 

           

               

            





Cc

Cc

VRF+

VRF-

Vout

Mn1

Mn2

Mp1

Mp21

2

             





SMA

Balun Impedance
Matching

RF-DC
Conversion DC Out

Differential rectifier



Impedance
Matching

RF-DC
Conversion

Differential
Antenna

DC Out

Differential rectifier



     



 

            

            







      

              

            

          

          

     

 





M1 Mn-1
C2 Cn-1 Cn

Mn
C1

Vin

M1a M(n-1)a MnaM1b M(n-1)b Mnb

Cn+1

Mn+1

Vout
V1 V2 V3 V4

 

         

          



    

            



              





 







      

     

    



      

 

         



  





        

     

 





           

 



           

  

      

    

          



 


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Number of Stages



          
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

 





 

 

 





   


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Output Current
Input Voltage

Time (s)
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-600
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

      

        


               

    

   





              

  



         

   



      


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Input DC bias (mV)

Pin1 = -22.3 dBm (Vrect = 240 mV)
Pin2 = -17.9 dBm (Vrect = 260 mV)
Pin3 = -15 dBm (Vrect = 280 mV)



220 230 240 250 260 270 280 290 300

0.42

0.44

0.46

0.48
Pin1 = -22.3 dBm (Vrect = 240 mV)
Pin2 = -17.9 dBm (Vrect = 260 mV)
Pin3 = -15 dBm (Vrect = 280 mV)

Input DC bias (mV)









Matching
Network Rectifier

Rs

Vs

Ps Pav Pin

Out

PL

Antenna

ZL

           

  

       

  

           



             

          

 





Rout Vout

+-RinLm

Vin

50

Cm

Matching
Network Rectifier

Cin

Rs Vin

50

Cm Lm.(Q2/1+Q2) Rin.(1/1+Q2) Cin.(1+Q2/Q2)Rs

Ps

Vrect

  


 
 

    

 





 

   

 




 

 


 












 














 

     

 


 
 

             






 



 









  

     

 


 








 





      

   

   

            

            

            

            

            

   

   

            

            

            

            

            

   

   

            

            

            

            

            



           





220 230 240 250 260 270 280 290 300
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14 Ps1 = -11.9 dBm (Vrect = 240 mV)
Ps2 = -11.0 dBm (Vrect = 260 mV)
Ps3 = -7.5 dBm (Vrect = 280 mV)

Input DC bias (mV)

             

           

   

     

           

                







 

 

      

            



              

         

      

  


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



34 nH

Vin

50

0.48 pF

Matching
Circuit

Input
Impedance

2.56 k 0.415 pF 19.1 nH

Vin

50

1.32 pF

Matching
Circuit

Input
Impedance

401 0.425 pF

15.6 nH

Vin

50

1.97 pF

Matching
Circuit

Input
Impedance

206 0.45 pF 13.5 nH

Vin

50

3.03 pF

Matching
Circuit

Input
Impedance

115 0.52 pF

200 mV matching circuit 240 mV matching circuit

280 mV matching circuit 300 mV matching circuit

     

  


 



          

 


 

  



 

             





-18 -16 -14 -12 -10 -8 -6 -4 -2
0

5

10

15

20

25

Source Power (dBm)

200 mV
240 mV
280 mV
300 mV





                  

              

      





            

            

               

   

 

 
  

 
    



             

              

           

   

            



 

  

             


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

          





   

 


 
   

         


               

                


       

 

 
  

 
 



 
 





      


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



       



          

 

 

    

             

              

            



 

            

              





             

    





 



 

            

              

           

          





           

           

          

                





          

           

 

             

            

              





  

          

           

             

          

            

   








          




          
      


  





          



        



     



    



            
         



         
 


         
         







  



           


         
      



  



    

                

    


         



   


       



        
    

               
     


        
        


           




    






          
      


 



          
    



    

     





    



          
    


         
       



             
  


       

    


            



       



    










    



      


   


           
      



          



          

             

      



    




          



      



        
    


 





          


          
            





            

          



          

                  
      



    



       






         



 

               

        


 



      

              

    



       



       






        
       


           


         

 


           
      



             


    

         



  



          


          
          

             

 



 



 







      







       

              

         
    



        

             
 





         

                
   

       



    



          



         


           
  


   


           
           





 

  
  

M1 Mn-1
C2 Cn-1 Cn

Mn
C1

Vin

M1a M(n-1)a MnaM1b M(n-1)b Mnb

         
     

M1 Mn-1
C2 Cn-1 Cn

Mn
C1

M1a M(n-1)a Mna

Vin

         
     





 



             

          

          

 

   

             
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