
𝑃𝑔𝑎𝑖𝑛 =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
,  𝑑𝐵 = 10 log10  

𝑃2

𝑃1
  

Diodes 

𝐼𝑑 = 𝐼𝑠 𝑒
 𝑉𝑑 𝑛𝑉𝑇  − 1  

𝑉𝑇 =
𝑘𝑇

𝑞
 
𝑘 = 1.38 × 10−23 𝐽

𝐾 

𝑇 = 𝐾𝑜

𝑞 = 1.602 × 10−19𝐽

  

𝑟𝑑 =
𝑉𝑇
𝐼𝑑
 
𝑉𝑇 = .026 𝑉

@ 300𝑜𝐾
  

Power Supply Filter 

 
 

 𝐶 ≅
24

𝐹𝑅(%𝑟𝑖𝑝𝑝𝑙𝑒)

𝑕𝑎𝑙𝑓 − 𝑤𝑎𝑣𝑒 3% = 3 

𝐹 = 𝑙𝑖𝑛𝑒 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

  

 
 
 

 
 𝐶 ≅

8.6

𝐹𝑅(%𝑟𝑖𝑝𝑝𝑙𝑒)
𝑓𝑢𝑙𝑙𝑤𝑎𝑣𝑒

𝑅 =
𝐸𝑙𝑜𝑎𝑑

𝐼𝑙𝑜𝑎𝑑
 

  

BJT Basics 

𝐼𝐶 = 𝛽𝐼𝐵 =  
𝛽

𝛽 + 1
 𝐼𝐸 

𝐼𝐵 =
𝐼𝐶
𝛽

=
𝐼𝐸

𝛽 + 1
 

𝐼𝐸 =  𝛽 + 1 𝐼𝐵 =  
𝛽 + 1

𝛽
 𝐼𝐶 

𝐼𝐸 =
𝑉𝐵𝐵 − 𝑉𝐵𝐸 − 𝑉𝐸𝐸

𝑅𝐸  1 +
𝑅𝐵 𝑅𝐸 

 𝛽 + 1   

 

𝑉𝐵𝐵 =  𝑉𝐸𝑄 + 𝑉𝐵𝐸 +
𝑉𝐸𝑄 𝑅𝐵 𝑅𝐸  

 𝛽 + 1 
 

BJT Bias Analysis 

𝐼𝐸 =
𝑉𝐵𝐵 − 𝑉𝐵𝐸 − 𝑉𝐸𝐸
𝑅𝐸 + 𝑅𝐵  𝛽 + 1  

 

𝑉𝐶 = 𝑉𝐶𝐶 − 𝐼𝐶𝑅𝐶 

𝑉𝐵 = 𝑉𝐵𝐵 − 𝐼𝐵𝑅𝐵  

𝑉𝐸 = 𝑉𝐸𝐸 + 𝐼𝐸𝑅𝐸 

𝑉𝐶 > 𝑉𝐵 > 𝑉𝐸  

BJT AC Analysis 

𝑟𝑒 =
𝑉𝑇
𝐼𝐸

 

𝑟𝑐𝑡 = ∞ 

𝑟𝑏𝑡 =  𝛽 + 1  𝑟𝑒 + 𝑅𝐸 ′  

𝑟𝑒𝑡 = 𝑟𝑒 +
𝑅𝐵′

 𝛽 + 1   
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Common Emitter Analysis 

𝑅𝑖𝑛 = 𝑅𝐸||𝑟𝑏𝑡  

𝑅𝑂 = 𝑅𝐶  

𝐴𝑉 =
− 𝛽  𝛽 + 1   𝑅𝐶

𝑟𝑒 + 𝑅𝐸 ′
 

Common Collector Analysis 

𝑅𝑖𝑛 = 𝑅𝐵||𝑟𝑏𝑡  

𝑅𝑜 = 𝑅𝐸||𝑟𝑒𝑡  

𝐴𝑉𝑙 =
𝑅𝐸||𝑅𝐿

𝑟𝑒 +  𝑅𝐸||𝑅𝐿 
 

Common Base Analysis 

𝑅𝑖𝑛 = 𝑅𝐸||𝑟𝑒𝑡  

𝑅𝑂 = 𝑅𝐶  

𝐴𝑣 =
𝛽

 𝛽 + 1 

𝑅𝐶
𝑟𝑒

 

BJT Bias Design 
VBEMax                                                 ≈-2mv/c 

VBEMin 

  TMin Tmax 

𝐾𝑇 =
𝐼𝐶𝑀𝑎𝑥
𝐼𝐶𝑀𝑖𝑛

 

𝑉𝐵𝐵𝑚𝑖𝑛 =
𝐾𝑇𝑉𝐵𝐸 𝑀𝑎𝑥 − 𝑉𝐵𝐸 𝑀𝑖𝑛

𝐾𝑇 − 1
 

𝑉𝐵𝐸 𝑛𝑜𝑚 =
𝑉𝐵𝐸 𝑀𝑎𝑥 + 𝑉𝐵𝐸 𝑀𝑖𝑛

2
 

𝐾𝐵 =
𝐼𝐶 𝑀𝑎𝑥

𝐼𝐶 𝑀𝑖𝑛
 

 
𝑅𝐵
𝑅𝐸
 
𝑀𝑎𝑥

=
𝐾𝐵  

𝛽𝑀𝑎𝑥 + 1
𝛽𝑀𝑎𝑥

 −  
𝛽𝑀𝑖𝑛 + 1
𝛽𝑀𝑖𝑛

 

 
1

𝛽𝑀𝑖𝑛
 −  

𝐾𝐵
𝛽𝑀𝑎𝑥

 
 

𝛽𝑁𝑜𝑚 =  𝛽𝑀𝑖𝑛 ∙ 𝛽𝑀𝑎𝑥  

𝑅𝐵1 = 𝑅𝐵 𝑉𝐶𝐶 𝑉𝐵𝐵   

𝑅𝐵2 = 𝑅𝐵1   𝑉𝐶𝐶 𝑉𝐵𝐵  − 1   

Common Emitter Design 

(High Gain Case) 

𝑉𝐶𝑄𝑜𝑝𝑡 
2 

𝑅𝐶
𝑅𝐿
   𝑉𝐵𝐵 + 𝑉𝐶𝐵 𝑀𝑖𝑛   + 𝐾 𝑉𝐶𝐶 

2  
𝑅𝐶

𝑅𝐿
  𝐾

 

Where: 𝐾~0.2 → 0.5 

(AC Gain) 

𝑅𝐸
′ =  

𝛽

𝛽 + 1
  
𝑅𝐶
𝐴𝑉
 − 𝑟𝑒  

𝑅𝐸1 =
𝑅𝐸 ∙ 𝑅𝐸 ′

𝑅𝐸 − 𝑅𝐸 ′
 

             Common Collector Design 

𝑉𝐸𝑄 𝑜𝑝𝑡 =
 𝑉𝐶𝐶 − 𝑉𝐶𝐸 𝑆𝑎𝑡   1 +

𝑅𝐸
𝑅𝐿
 

2 +  𝑅𝐸 𝑅𝐿  
 

 

JFET Basics 

𝐼𝐷 = 𝐼𝐷𝑆𝑆  1 − 𝑉𝐺𝑆 𝑉𝑃  2 

𝑉𝐺𝑆 = 𝑉𝑃  1 −  𝐼𝐷 𝐼𝐷𝑆𝑆   

𝑔𝑚 = 2  𝐼𝐷  𝐼𝐷𝑆𝑆 𝑉𝑃  

Bias Analysis  𝑅𝑆 ≠ 0  

𝑉𝐾 = 𝑉𝐺𝐺 − 𝑉𝑆𝑆 − 𝑉𝑃 

𝑉𝑅 = 𝑉𝑃
2 𝐼𝐷𝑆𝑆  

𝑋 =  2𝑉𝐾𝑅𝑆 𝑉𝑅   

𝐼𝐷 =  
𝑉𝑅

2𝑅𝑆
2  𝑋 + 1 −  2𝑋 + 1  

𝑉𝐷 >  𝑉𝐺 − 𝑉𝑃 , 𝑉𝐷𝑆 >  𝑉𝐺𝑆 − 𝑉𝑃  

𝑟𝑑𝑡 = ∞, 𝑟𝑔𝑡 = ∞, 𝑟𝑠𝑡 =
1

𝑔𝑚
 

Common Source Analysis 

𝑅𝑖𝑛 = 𝑅𝐺 ,        𝑅𝑂 = 𝑅𝐷 

𝐴𝑉 =
−𝑔𝑚𝑅𝐷

1 + 𝑔𝑚𝑅𝑆′
 

Common Drain Analysis 

𝑅𝑖𝑛 = 𝑅𝐺 ,       𝑅𝑂 = 𝑅𝑆||
1

𝑔𝑚
 

𝐴𝑉 =
𝑔𝑚𝑅𝑆

1 + 𝑔𝑚𝑅𝑆
 

JFET Bias Design 

𝑉𝐺𝑆 = 𝑉𝑃  1 −  𝐼𝐷 𝐼𝐷𝑆𝑆   

𝑉𝐺𝐺 = 𝑉𝑆𝑆 + 𝐼𝐷𝑅𝑆 + 𝑉𝐺𝑆  

𝑅𝑆 =
𝑉𝐺𝐺 − 𝑉𝐺𝑆 − 𝑉𝑆𝑆

𝐼𝐷
 

Frequency Response Analysis 

(Low Cutoff) 

𝐹𝐶 =
1

2𝜋𝑅𝑠𝑒𝑟𝑖𝑒𝑠 𝐶𝑠𝑒𝑟𝑖𝑒𝑠
 

𝐹𝐶 𝑛𝑒𝑡 =  𝐹𝑐1
2 + 𝐹𝑐2

2 + 𝐹𝑐3
2 + 

(High Frequency Cutoff) 

𝐹𝐶 =
1

2𝜋𝑅𝑠𝑕𝑢𝑛𝑡 𝐶𝑠𝑕𝑢𝑛𝑡
 

𝐹𝐶 𝑛𝑒𝑡 =
1

 
1
𝐹𝑐1

2 +
1
𝐹𝑐2

2 +
1
𝐹𝑐3

2 +

 

(Cascade Factor) 

            1      1 

            2     0.644 

     3 0.510 

     4 0.435 

     5 0.386 

     6 0.350 

𝐶𝑀𝑖𝑙𝑙𝑒𝑟 = 𝐶𝑓  𝐴𝑉 + 1  


