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Semiconductors and Diodes 
 

 

PN junctions  
(diodes) 
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I vs. V equation for diode in forward and reverse region:  
𝐼 = 𝐼#$𝑒& &'⁄ − 1+ 

V is the voltage across the diode from anode to cathode 
I is the current through the diode from anode to cathode 

𝑉- =
𝑘𝑇
𝑞

 

VT = 25.9 mV at room temperature (= 300 degree Kelvin) 
 
 

 

 
 
 
 
 
 
 
 
 
 

+     V     - 

I 

 

I 

 
V 

slope	=	gd	=	1/rd	



 

Page 4 of 14 

 

Approximations of the diode three regions of operation 

 
 

The slope of the diode curve at a given operating current ID in the forward-bias region is: 

𝑔2 =
𝐼3
𝑉-

 

In forward region to cause a decade change in ID we need to change VD by 60 mV. 

Temperature affects the forward region as follows: 

 
and the reverse region as follows: 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

Page 5 of 14 

 

MOSFET in saturation mode (VGS > VTH and VDS > VGS  - VTH ) 
 

𝐼3 =
1
2𝜇𝐶78

𝑊
𝐿
(𝑉<# − 𝑉-=)? 

 
Key Small Signal Parameters for the MOSFET in saturation mode: 
 

𝑔@ = 𝜇𝐶78
𝑊
𝐿
(𝑉<# − 𝑉-=) =

2𝐼3
𝑉<# − 𝑉-=

 

𝑟B ≈
1
𝜆𝐼3

 

 
BIPOLAR in active mode (VBE » 0.7 V and VCE > VCE,sat » 1V) 
 
𝐼E ≈ 𝐼#𝑒&FG &'⁄  
 

𝑉- =
𝑘𝑇
𝑞  

VT  = 25.9 mV at room temperature (= 300 degree Kelvin) 
 
𝐼H = 𝐼I + 𝐼E = (𝛽 + 1)𝐼I 
 
𝛽 = 𝐼E/𝐼I 
 
Key Small Signal Parameters for the BIPOLAR in active mode 
 

𝑔@ =
𝐼E
𝑉-

 

 

𝑟M =
𝛽
𝑔@

 

 

𝑟B =
𝑉N
𝐼E
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Small signal model for MOSFET in saturation mode 
 
 

 
 
 
 
 
Small signal model for BIPOLAR in active mode 
 
 
 
 

 
 
 
 

    
ac ac ac ac 

Small-signal BJT model. This model applies to both npn and pnp BJTs. 

Small-signal MOSFET model. This model applies to both nMOSFETs and pMOSFETs 
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Small signal resistances looking into the BJT’s terminals 
 

 
 
 

Exact Approximate 
 

𝑅P = 𝑟M + (𝛽 + 1)𝑅H Q
𝑟7 +

𝑅E
𝛽 + 1

𝑟7 + 𝑅E + 𝑅H
R [𝐺𝐻𝐿𝑀] 

 

 
 

𝑅P ≈ 𝑟M + (𝛽 + 1)𝑅H			(𝑟7 ≫ 𝑅H, 𝑟7 ≫ 𝑅E) 

 

𝑅[ = \
(𝑟7 + 𝑅E)(𝑟M + 𝑅I)
𝑟M + 𝑅I + 𝛽𝑟7

] ||(𝑟M + 𝑅I) 

 

 

𝑅[ ≈ \
(𝑟M + 𝑅I)
𝛽 + 1 ]					(𝑟7 ≫ 𝑅E;	𝑔@𝑟7 ≫ 1; 𝑟7 ≫

𝑅I
𝛽 ) 

 

 

𝑅` = 𝑟7 a1 +
𝑔@𝑟M𝑅H

𝑟M + 𝑅I + 𝑅H
b + (𝑟M + 𝑅I)||𝑅H  

 

 
𝑅` ≈ 𝑟7[1 + 𝑔@(𝑟M||𝑅H)]				(𝑟M ≫ 𝑅I; 𝑔@𝑟7 ≫ 1) 
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Small signal terminal resistances for the MOSFET 
 

 
 

 
 

 
 

𝑁𝑂𝑇𝐸:					𝑅g = h
1
𝑔@

||𝑟7i +
𝑅3

(1 + 𝑔@𝑟7)
=

𝑅3 + 𝑟7
(1 + 𝑔@𝑟7)
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Summary of small signal gains for BJT based topologies 
 
(A) 

 
 

Exact Approximate 
with RE ¹ 0 [GHLM]: 
𝑣`
𝑣P
= −

𝑅E(𝛽𝑟7 − 𝑅H)
𝑅H[𝑅E + 𝑟7(𝛽 + 1)] + 𝑟M(𝑅E + 𝑅H + 𝑟7)

 

 

with RE ¹ 0: 
𝑣`
𝑣P
= −

𝑔@𝑅E
1 + 𝑔@𝑅H

																	𝑟7 ≫ 𝑅E + 𝑅H; 𝛽 ≫ 1 

 
with RE = 0: 

𝑣`
𝑣P
= −𝑔@(𝑅E||𝑟7) 

 

with RE = 0: 
𝑣`
𝑣P
= −𝑔@𝑅E																							𝑟7 ≫ 𝑅E  

with RC ¹ 0 [GHLM]: 
𝑣[
𝑣P
=

1

1 + 𝑟M(𝑅E + 𝑅H + 𝑟7)
𝑅H[𝑅E +	𝑟7(𝛽 + 1)]

 

with RC ¹ 0: 
𝑣[
𝑣P
=

𝑔@𝑅H
𝑔@𝑅H + 1

										𝑟7 ≫ 𝑅E + 𝑅H; 𝛽 ≫ 1 

 
 

with RC = 0 [GHLM]: 
𝑣[
𝑣P
=

(𝛽 + 1)/𝑟M
1
𝑅H

+ 1
𝑟7
+ 𝛽 + 1𝑟M

 

 

with RC = 0 [GHLM]: 
𝑣[
𝑣P
=

𝑔@𝑅H
𝑔@𝑅H + 1

					𝑔@𝑟7 ≫ 1; 	𝛽 ≫ 1 

 (B)  

 

 

 

 

vb 

vc 

ve 
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𝑖7 = 𝛼	𝑖m =
𝛽

𝛽 + 1 𝑖m  

 

 
 

𝑣P[ = −𝑣[
𝑟M

𝑟M + 𝑅I
 

Exact: 

𝑣`
𝑣[
=
𝑔@𝑅n

𝑟M
𝑟M + 𝑅I

+ 𝑅n𝑟7
1 + 𝑅n𝑟7

 

 
Approximate: 
 
𝑣`
𝑣[
= 𝑔@(𝑅n||𝑟7)																					𝑟M ≫ 𝑅I 
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Summary of small signal gains for MOSFET based topologies 
 

(A) 
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(B) 

 
 

 

 

 

 

 

 
 
 
 

1
𝑔@

||𝑟M ≈
1
𝑔@

	(𝛽 ≫ 1) 

 
  

io = ii 
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Very Common Cases: 

* 

* 
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Very Common Cases: 

ac 

ac 

ac RE can be “moved” in 
base as RB (b+1) and 
E becomes ground 

RB can be “moved” in emitter as RE / (b+1) and B becomes ground 

 


