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Figure!6.1:!A"simplified"structure"of"the"npn#transistor."
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Modes of operation

EBJ CBJ

Cutoff Reverse Reverse

Active Forward Reverse

Saturation Forward Forward
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heavily doped

lightly doped
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▪ emitter	  current	  (iE)	  –	  is	  current	  which	  flows	  across	  EBJ	  	  
▪Flows	  “out”	  of	  emitter	  lead	  

▪minority	  carriers	  –	  in	  p-‐type	  region.	  
▪These	  electrons	  will	  be	  injected	  from	  emitter	  into	  
base.	  
▪Opposite	  direction	  (in	  relation	  to	  conventional	  
current).	  

▪ Because	  base	  is	  thin,	  concentration	  of	  excess	  minority	  
carriers	  within	  it	  will	  exhibit	  constant	  gradient.

Current	  flow
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Straight	  line	  represents	  
constant	  gradient.



Current	  Flow

▪ Tapered	  minority-‐carrier	  
concentration	  profile	  exists.	  

▪ It	  causes	  electrons	  injected	  
into	  base	  to	  diffuse	  through	  
base	  toward	  collector.	  

▪ As	  such,	  electron	  diffusion	  
current	  (In)	  exists.



Current	  Flow

▪ Some	  “diffusing”	  electrons	  will	  combine	  with	  holes	  (majority	  
carriers	  in	  base).	  

▪ Base	  is	  thin,	  however,	  and	  recombination	  is	  minimal.	  
▪ Recombination	  does,	  however,	  cause	  gradient	  to	  take	  
slightly	  curved	  shape.	  
▪ The	  straight	  line	  is	  assumed.
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Figure	  6.7:	  Cross-‐section	  of	  an	  npn	  BJT.
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The	  pnp	  Transistor

Figure	  6.10:	  Current	  flow	  in	  a	  pnp	  transistor	  biased	  to	  operate	  in	  the	  active	  mode.
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6.2.	  Current-‐Voltage	  
Characteristics

Figure	  6.12:	  Circuit	  symbols	  for	  BJTs.
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VBE = 0.7V	

β = 50	


Edge of saturation: VCE = 0.3V	

Deep in saturation: VCE = 0.2V
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