
 
 
TR SNA F RE  E CEL T NOR  DE CIV ES  
 

 
ORTNI D TCU I :NO   

ehT  a ilpp cati no  of owt - et r lanim  se udnocim tc ro  cived es ta  im c wor a ev  f seicneuqer   

sah  neeb  ni c aer des  su ga e gnirud  t eh  tsap  de sedac . ehT  CW, va e ar eg , dna   kaep  

rewop  o tuptu s of ht se e ecived s ta  h gi her im c evawor  f icneuqer es are cum h gral er  

naht  esoht  bo t nia a lb e wi ht  eht  tseb  p wo er rt a rotsisn . ehT  oc nomm  c rah a citsiretc  of  

lla  vitca e owt -ter anim l dilos - tats e cived es is th rie  tagen i ev  ser i nats ce. ehT  aer l trap   

of rieht  depmi an ec  is ne evitag  revo  a egnar  fo  f icneuqer es. nI  a evitisop  r cnatsise e  

eht  ruc r ne t ht or u hg  the natsiser ce na d eht  v egatlo  rca o ss  it are in esahp . hT e  

egatlov  pord  ssorca  a tisop ive cnatsiser e is evitisop  dna  a ewop r fo  1( 2 R) si   

detapissid  ni  eht  re sis tance.  

nI  a agen evit  ser i nats c ,e  revewoh , ht e c nerru t dna  egatlov  a er  out of  esahp  

yb  081 °. hT e ov l at eg  d por  ssorca  a vitagen e re ecnatsis  si  evitagen , and a rewop  of  

(-I!R) si  eg n re deta  by t eh  rewop  s ppu ly as cos i deta  htiw  t eh  ne tag i ev  r ecnatsise . nI   

op evitis  r natsise c se  ab bros . p wo re  (p vissa e d ,)secive  w aereh s tagen ive siser ta cn es  

neg tare e wop er ( tca ive cived es). In this hc a tp er eht  snart ef err d ele c nort   

ed v seci (TED )s  era  analy ez d.  

ehT  d fi f nere ces neewteb  rcim o evaw  isnart ts sro  dna  snart f derre  ele c  nort  

cived es (T DE )s  are f dnu ame latn . isnarT s rot s o etarep  iw th e hti er cnuj t noi s ro  ga et ,s   

tub  DET s a er  b klu  ed civ es vah i gn  on  ju noitcn s ro  setag . The ma iroj ty of  

rotsisnart s era  f cirba a det  f mor  ele tnem al mes i cudnoc t ro ,s  hcus  sa  nocilis  or  

eg r inam um, rehw eas 1 Dt s a er  f cirba ated f mor  co opm u dn  se dnocim u ,srotc  us ch as  
 



 
 

  
 

illag um ars dine e ( A.r s) i, dn ium hp so p edih  (l Pn ), or ac d im um et ll ediru  (Cd eT )  .  

rT ansistors etarepo   

sA  " aw rm" ele rtc o sn  w esoh  rene gy si  ton  um ch retaerg  ht an eht  ht re mal rene gy  

0. Ve620 ta  room te pm era erut ) of nortcele s in t eh  semi oc n rotcud s.  
 
 

NNUG  EF TCEF  ID O SED  – Ga sA  oid de  
 
 

nnuG  eff tce  era  man ed after .J  B. nnuG  ohw  si  3691  revocsid ed a  cidoirep  

f noitautcul  of tnerruc  gnissap  ht r hguo  the n- type illag um sra en di e . w neh   eht  

deilppa  ov l egat  ecxe ed de  a niatrec  cr laciti  v la eu .  
 
 

lkcohS ey in 591 4 us g detseg  aht t ht e two t lanimre  en g evita  re is sta ecn  cived e  s  

gnisu  semic cudno t sro  h da  gatnavda es revo  tra srotsisn  ta  hgih  f euqer nc sei .  
 
 
nI  1691  , R ldi ey and Wa snikt  de debircs  a wen  htem od f ro  atbo i gnin  tagen i  ev  

fid f laitnere  om b ili ty in cimes o otcudn rs. ehT  elpicnirp  ovni l dev  si  ot  taeh  reirrac s  

ni  a thgil  ssam  , low mo ilib ty , ih g reh  ene rgy s bu  dnab  wh ne  ht ey ah ve a gih h  

rutarepmet e.  
 
 

laniF ly orK e rem  tats ed taht  eht  nigiro  of eht  evitagen  id ff laitnere  mo ilib ty is  

ldiR ey taW k sni  liH sum’s nahcem si m of nortcele  snart f re  otni  the llav e sy  aht t  

rucco  ni  oc n ud c oit n ba sdn .  
 
 

nnuG  ffe ect:  
 
 

ehT  leb ow f erugi  s oh ws eht  gaid ram of a u in form n-type G sAa  oid de tiw h oh im c  

stcatnoc  at eht  dne  us rf .seca  G nnu  ats ted th ta  “ bA ove so em  irc ti lac  gatlov e  ,  

dnopserroc i gn  to na  el cirtce  f dlei  of 0002  to 0004  /stloV c ,m  ht e cu tnerr  ni  eve r  y  

ceps i nem  beca em  a flu gnitautc  f noitcnu  of ti .em  



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nnuG  Di sedo   

elgniS  eip ce of sAaG  or pnI  a dn  co sniatn  no j snoitcnu   
 
 

stibihxE  n evitage  diff laitnere  siser t ecna   
 
 

itacilppA o :sn   

wol - esion  l laco  so c alli t sro  for im x sre  (2 to 140 )zHG .  

woL - op ew r nart smi ett rs a dn  ediw  dnab  tu ban le secruos   
 
 

ounitnoC us- evaw  (CW) wop er slevel  of pu  ot  reves al derdnuh  im ll sttaw  nac  be  

deniatbo  in eht  X-, uK -, dna  Ka-ba .sdn  A wop er o tuptu  of 30 Wm  nac  be  

deveihca  from co mm er laic ly liava a elb  ived ces ta  49  zHG  .  
 
 

rehgiH  po rew  nac  be veihca ed by combi gnin  reves al cived es ni  a rewop   



 
 

nnuG  icso l srotal  e bihx it ev ry wol  cd - ot -RF ef icif ency of 1 ot  %4 .  
 
 

nnuG  osla  evocsid r de  t tah  ht e ht res dloh  le e tc ric f dlei  iliE  deirav  wi ht  eht  htgnel   

dna  t epy  fo  lairetam . He depoleved  na  bale ora et  apac c viti e eborp  f ro  gnittolp  the  

cirtcele  f dlei  birtsid u it on nihtiw  a ps ecimen of n-t epy  aG As of htgnel  L = 012  JL llI   

dna  ssorc - ces t lanoi  ar ae  5.3  x 01 -3 c 2m  w ti h a wol -f dlei  tsiser a ecn  of 61  .n   

tnerruC  i ilibatsn t sei  oc derruc  ta  ceps imen ov l segat  oba ve 95  ,V  whi hc  me na s aht t  

eht  ohserht ld f dlei  si   
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