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Transistor small-signal high-frequency models: Hybrid-pi model (simplified) 

 

 )(2 gdgsm CCgf    

Expressions for mg , gsC etc depend on 

whether velocity-limited or mobility-

limited.  

DDSDS IVR /)/1(    

 

fmjebe gCC   

jeC base-emitter depletion capacitance 

f forward (base+collector) transit time 

kTqIg Em /      mbe gR /)1(   

)1/(        CCEACE IVVR /)(   

 )(2 cbbem CCgf    

Common-gate/base T-models (easier common base/gate analysis if RCE/RDS→   

  
Simplification of source and emitter degeneration 

 
)1(/''/'/ SSmDSDSmmgsgs RgRRggCC   

)1(/'/''/'/ EEmbebececemmbebe RgRRRRggCC   
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Exact iff mgsSSSS gCCR / or mbeEEEE gCCR / ; approximate if SSC , 0EEC  
 

 

Common-source and common-emitter  
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mcbgd gCb //1   

 LeqLeqmicbgdibegs RRgRCRCa  )1(//1 LeqL RC  

LbegscbgdbegsLeqi CCCCRRa ///2 (  )/ Lcbgd CC  

Source-follower  
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given that )/1/(, mLeqLeqmbV gRRA  : 

mgs gCb /1   

  )||(||)1( 11

,1

  mLeqLmLeqmbVigsigd gRCgRARCRCa  

))(||( 1

2 LgsLgdgsgdmLeqi CCCCCCgRRa    

Emitter-follower  
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given that )/1/(, mLeqLeqmbV gRRA  : 

mbe gCb /1   

   )||(||||)1()||( ,

1

,,1 toutLeqLbemLeqmbVibetinicb RRCRgRARCRRCa    

))(||)(||( 1

,2 LcbLbecbbemLeqtini CCCCCCgRRRa  
 

where )( 1

,

 mLeqtin gRR  and /1

, imtout RgR  
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General Solutions of Problems: Nodal analysis (Know how to do this!) 
1)Write the nodal equations (sum of the currents=0) 

at each circuit node, and put the resulting equations 

in matrix form (the Y's being various combinations 

of gm's, 1/R's, 1/sL's, and sC's): 
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2) Use Cramer's rule to solve 
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3) This comes out as: 
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,which is divided through to get: 

(if present, m is the number of zeros 

minus the number of poles, in the transfer 

function) 
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...and the poles and zeroes are found by 

factoring the numerator and denominator. 

The separated-pole approximation, if 

applicable, makes this factoring easy 
5) To find the impulse response, do a 

partial-fraction expansion and then take the 

inverse LaPlace transform 

6) To find the sinusiodal frequency 

response, set js   

General Solutions of Problems: Method of Time Constants 
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toutLeqvmbixx RRARR ,

0 ||)1(   

where 

)/( 1 mLeqLeqvmb gRRA  

1

,

 mTout gR  

 

  bemLeqvmbixx RgRARR ||||)1( 10   

where 

)/( 1 mLeqLeqvmb gRRA  

 

Leqvmbixx RARR  )1(0  

where 

Leqmvmb RgA   

 

Leqvmbtinixx RARRR  )1)(||( ,
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where 

Leqmvmb RgA   

mtin gR /,   

 


