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EExxaammpplleess ooff DDooppiinngg  
((eelleeccttrriiccaall)) 

Increase&to& 

7KLV�LPDJH�LV�LQ�WKH�SXEOLF�GRPDLQ�  

0.001&%& 
impuri=es&& 

Resis=vity& 
decreases& 

five&orders&of& 
magnitude& 

1$P$atom$per$1$Million$Si$atoms$ 
Changes$resisAvity$by$factor$of$10,000$ 

(5x1022$Si$atoms/cm3)$ 
Insulator*to*Conductor*

 

Silicon$la1ce$with$$Silicon$ Phosphorous/Boron$dopants$ 

Adding&dopants&,>&free&electrons&,>&electron&current&with&thermal&energy&&&&&  

© Ioffe Physical-Technical Institute. All rights reserved. This content
is excluded from our Creative Commons license. For more
information, see http://ocw.mit.edu/fairuse
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IIoonn IImmppllaannttaattiioonn  
•	 A&high&voltage&accelerator&is&used&to& 

shoot&ions&at&the&wafer& 

•	 The&beam&must&be&raster&and&the&wafer& 
must&be&rotated&to&achieve&uniform&dose& 

•	 Usually&a&thin&protecAve$layer&is&used&to& 
prevent&spuDering&of&the&surface&and&to& 
reduce&channeling& 

•	 The&depth&of&the&implant&dose&depends& 
on&energy& 

•	 Ac=va=on&anneal&aEer&implanta=on& 
allows&dopants&to&reach&proper&posi=ons& 
in&crystal& 

Illustration of ion implantation removed due to copyright restrictions.
Refer to: Ion implantation on Rusnano.

4

http://eng.thesaurus.rusnano.com/wiki/article887


  

       

                  
         

  

         
     

   
         

         

MMaasskkiinngg  

Control&of&which&regions&of&a&wafer&receive&the&implant&is&achieved&with& 
masking&layers& 

Ions 

Photoresist 

Silicon 

Oxide 

Location of implanted ions
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EEffffeeccttiivvee RRaannggee  

The&effec=ve&range&measured&the&loca=on&of&the&peak&concentra=on&of&an&  
implanted&species.&  
&  
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AAnnnneeaalliinngg  
•	 AEer&implanta=on,&ions&are&driven&deeper&into&the&substrate&by&diffusion,&a& 

high,temperature&process.& 
•	 The&junc=on&depth&is&the&point&at&which&the&implanted&ion&concentra=on&is& 

equal&to&the&substrate&doping.& 
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Image by MIT OpenCourseWare. 
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CL:  6.777J/2.372J Spring 2007, Lecture 2 - 32

Cite as: Carol Livermore, course materials for 6.777J / 2.372J Design and Fabrication of Microelectromechanical Devices, Spring 2007. MIT 
OpenCourseWare (http://ocw.mit.edu/), Massachusetts Institute of Technology. Downloaded on [DD Month YYYY].

Diffusion
> After implantation, ions are driven deeper into the substrate by

diffusion, a high-temperature process
> The junction depth is the point at which the implanted ion 
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This image should not be used for design calculations. Adapted from Example 2.2 in:
Senturia, Stephen D. Microsystem Design. Boston, MA: Kluwer Academic Publishers,
2001, p. 43. ISBN: 9780792372462.



      
  

EExxaammpplleess ooff DDooppiinngg  
((ooppttiiccaall))  

3KRWR�FRXUWHV\�RI�$UJRQQH�1DWLRQDO�/DE 
RQ�)OLFNU�
Organic$solar$concentrators$ 

Adding&dopants&,>&absorbing&certain&wavelength&,>&change&in&color&  

Photo of laser glass amplifier slabs removed
due to copyright restrictions.
Refer to: NIF Photo Gallery.
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Photo of ER-doped fiber amplifier removed
due to copyright restrictions.

https://lasers.llnl.gov/multimedia/photo_gallery/overview/?id=5&category=overview
http://www.flickr.com/photos/argonne/6237918635/


      LLiigghhtt EEmmiittttiinngg DDiiooddee  

The&color&of&light&emiDed&by&an&LED&depends&on&the&size&of&the&band&gap&in&the& 
doped&semiconductors.&For&instance,&LEDs&that&emit&red&light&have&a&smaller&band& 
gap&than&LEDs&that&emit&yellow&light.& 
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EExxaammpplleess ooff DDooppiinngg  
((mmeecchhaanniiccaall))  

3KRWR�FRXUWHV\�RI�1DYaO�+LVWRU\�DQG�+HULWDJH 
&RPPDQG�RQ�:LNLPHGLD�&RPPRQV� 

steel$is$an$alloy$that$consists$iron$ 
and$carbon$(0.2N2.1%)$ 

Adding&dopants&,>&distor=ng&crystal&laQce&,>&harder&and&stronger&&  

Photos of bike and tennis racquet removed due to copyright restrictions.
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http://commons.wikimedia.org/wiki/File:81-209-M_Cable,_Battle_of_Manila_Bay.jpg
http://commons.wikimedia.org/wiki/File:81-209-M_Cable,_Battle_of_Manila_Bay.jpg


      
  

EExxaammpplleess ooff DDooppiinngg 
((mmaaggnneettiicc)) 

A&neodymium,&the&most&widely,used&type&of&rare,earth&magnet,&is&a&permanent& 
magnet&made&from&an&alloy&of&neodymium,&iron,&and&boron&to&form&the&Nd2Fe14B& 
tetragonal&crystalline&structure.& 

7KLV�LPDJH�LV�LQ�WKH�SXEOLF�GRPDLQ� 

Neodymium&Crystal&Structure&Nd2Fe14B&  
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EExxaammpplleess ooff DDooppiinngg  
((mmaaggnneettiicc))  

Microfluidic$Filters$  

Photograph of microactuator removed due to copyright restrictions.
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Image by MIT OpenCourseWare.



      
  

EExxaammpplleess ooff DDooppiinngg  
((tthheerrmmaall--ooppttiiccaall))  

Change&in&acidity&,>&change&in&molecular&form&,>&change&in&color&  

Photograph of liquid crystal sheet removed Photographs showcasing thermochromic pigment
due to copyright restrictions. removed due to copyright restrictions.
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      LLiiqquuiidd CCrryyssttaall SShheeeett  

Incoming&light&rays&hit&the&layers&of&liquid&crystals&and&reflect&back&out&again,&with& 
outgoing&rays&interfering&to&produce&light&of&a&par=cular&color&(Bragg&diffrac=on).&The& 
color&of&the&reflected&light&depends&on&how&closely&the&crystal&layers&are&together.& 

Courtesy of Chris Woodford. Published under a Creative Commons BY-NC-SA license.
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http://www.explainthatstuff.com/


  
    

DDooppiinngg  
MMaatteerriiaall PPrrooppeerrttyy  
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      PPrrooppeerrttiieess ooff PPDDMMSS  

Electrical? Optical? Mechanical? Thermal? Magnetic?  

SEM$picture$of$  
Nickel$powder$  

Today’s&topic&“doping”:&changing&proper=es&of&materials&by&adding&impuri=es&  
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    EElleeccttrriiccaall CCoonndduuccttiivviittyy  

$  
Quantum$Tunneling$  

PDMS& 

Ni&:&PDMS&=&1&:&1& 

Ni:&PDMS&=&4&:&1& 

Ni:&PDMS&=&4&:&1& 
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TThheerrmmaall CCoonndduuccttiivviittyy  
Ma1essen’s$Rule$–$Phonons$ 

$ 

1 
κ = C⇥ 

3 
	 :&thermal&conduc=vity&  

:&specific&heat& C 
:&speed&of&sound& 

PDMS$(spaghe1)$⇤	 :&mean&free&path& 

Photograph of modeled FCC structure removed due to copyright restrictions.

18

3
C⇥�



  SSeellff--AAsssseemmbbllyy  
Molecular&self,assembly&is&the&spontaneous&associa=on&of&molecules&under&equilibrium& 
condi=ons&into&stable,&structurally&well&defined&aggregates&joined&by&non,covalent&bonds.& 

& & & &&&&&&&&&&&&&&&&&&&&&&&&&&&&Whitesides(et(al.(Science(254(1312((1991)( 

Magnet& 

PDMS& 

1:1&Ni:PDMS& 

Ni,doped&PDMS&Ping&Pong&Ball& 
3KRWR�FRXUWHV\�RI�NHQWHHJDUGLQ�RQ�)OLFNU� 
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http://www.flickr.com/photos/teegardin/5864197488/


    

 
 
 
 

 
 
 
 

MMaatteerriiaall PPrrooppeerrttiieess  

1. PDMS& 
2. 1:1&Ni&powder&+&PDMS& 
3. 4:1&Ni&powder&+&PDMS& 
4. Thermochromic&silicone&beads&+&PDMS&  
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Cold&&&&&&&&&&&&&&&&&&&&&&Hot& 

thermochromic&silicone&beads&& 

• Compare&s=ffness& 
• Compare&reflec=vity& 
• Compare&electrical&resis=vity&using&mul=meter& 
• Compare&thermal&conduc=vity&using&thermochromic&silicone&beads&  
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CCoonncclluussiioonnss  

7KLV�LPDJH�LV�LQ�WKH�SXEOLF�GRPDLQ� 
eelleeccttrriiccaall 

mmeecchhaanniiccaall 

Photo of ER-doped fiber amplifier removed
due to copyright restrictions.

Photograph of liquid crystal sheet removed
due to copyright restrictions.
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