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Modern Electronics (ETIN70) – Formula 
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Base-charging capacitance (F)  mFb gC   

 

Is: saturation current (A) 

VCE: collector-emitter voltage (V) 

VA: Early voltage (V) 

VBE: base-emitter voltage (V) 

VT: thermal voltage = k*T/q = 26 mV at T=300 K  (k: Boltzmann constant = 8.61733 x 10-5 (eV K-1) or   

             1.38065×10−23 (J K-1)) 

β: small-signal current gain  

τF: base transit time (s) 
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MOSFETs 
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µn: electron mobility (m2/Vs) 
Cox: gate oxide capacitance per unit area (F/m2) 
W: channel (gate) width (m) 
L: channel (gate) length (m) 
VGS: gate-source voltage (V) 
VDS: drain-source voltage (V) 
Vt: threshold voltage (V) 
λ: channel length modulation parameter (V-1) 
Cgd: gate-drain capacitance per unit area (F/m2) 
Cgs: gate-source capacitance per unit area (F/m2) 
RS: source resistance (Ω) 
RD: drain resistance (Ω) 
gd: output conductance (A/V) 
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Amplifier characteristics 

Source theorem  𝑣𝑜𝑐 = 𝑅𝑠𝑖𝑠𝑐 

Load resistance power match 𝑅𝐿 = 𝑅𝑠 

 

Signal gain parameters  𝐴𝑣𝑜 =
𝑣𝑜

𝑣𝑖
|

𝑖𝑜=0
, 𝐴𝑖𝑠 =

𝑖𝑜

𝑖𝑖
|

𝑣𝑜=0
, 

   𝐺𝑚 =
𝑖𝑜

𝑣𝑖
|

𝑣𝑜=0
, 𝑅𝑚 =

𝑣𝑜

𝑖𝑖
|

𝑖𝑜=0
 

 

Port resistances  𝑅𝑖 =
𝑣𝑖

𝑖𝑖
|

𝑣𝑜=0
, 𝑅𝑜 =

𝑣𝑜

𝑖𝑖
|

𝑣𝑖=0
 

Signal gain relations  𝑅𝑖𝐴𝑣𝑜 = 𝐴𝑖𝑠𝑅𝑜 = 𝑅𝑖𝐺𝑚𝑅𝑜 = 𝑅𝑚 

 

Intrinsic gain   𝐴0 = 𝑔𝑚𝑟𝑜 ≫ 1 

 

Common source amplifier 

Input resistance  𝑅𝑖 = ∞ 

Output resistance  𝑅𝑜 = 𝑟𝑜 

Open circuit voltage gain  𝐴𝑣𝑜 = −𝑔𝑚𝑅𝑜 

Voltage gain   𝐴𝑣 = −𝑔𝑚(𝑅𝑜||𝑅𝐿) 

 

Common gate amplifier 

Input resistance  𝑅𝑖 =
𝑟𝑜+𝑅𝐿

1+𝑔𝑚𝑟𝑜
  (load transformation) 

Output resistance  𝑅𝑜 = 𝑟𝑜 + (1 + 𝑔𝑚𝑟𝑜)𝑅𝑠 (source transformation) 

Open circuit voltage gain  𝐴𝑣𝑜 = 𝑔𝑚𝑅𝑜 

 

Common drain amplifier 

Input resistance  𝑅𝑖 = ∞ 

Output resistance  𝑅𝑜 =
1

𝑔𝑚
||𝑟𝑜||

1

𝑔𝑚𝑏
  

Open circuit voltage gain  𝐴𝑣𝑜 =
𝑟𝑜

𝑟𝑜+
1

𝑔𝑚

 

 

Cascode MOS amplifier 

Input resistance  𝑅𝑖 = ∞ 

Output resistance  𝑅𝑜 = 𝐾𝑟𝑜1, where 𝐾 > 1 depends on the CG stage 

Open circuit voltage gain  𝐴𝑣𝑜 = −𝑔𝑚𝑅𝑜 

 

MOS current mirror 

Large signal current transfer  𝐼𝑂 =
(𝑊 𝐿⁄ )2

(𝑊 𝐿⁄ )1
𝐼𝑅𝐸𝐹(1 + 𝜆2[𝑉𝑂 − 𝑉𝐺𝑆]) 

Input resistance  𝑅𝑖 = 𝑟𝑜1||
1

𝑔𝑚1
 

Output resistance  𝑅𝑜 = 𝑟𝑜2 

Small signal current gain  𝐴𝑖𝑠 = 𝑔𝑚2 (𝑟𝑜1||
1

𝑔𝑚1
)  

 

  



4 
 

MOS differential pair 

Bias current to overdrive relation 𝑉𝑂𝑉 = √
𝐼

𝑘𝑛
′ (𝑊 𝐿⁄ )

 

Input operating range  −√2𝑉𝑂𝑉 < 𝑣𝑖𝑑 < √2𝑉𝑂𝑉 

Drain/ gate quiescent levels  𝑉𝐷 = 𝑉𝐷𝐷 −
𝑅𝐷𝐼

2
, 𝑉𝐺 = 𝑉𝐶𝑀 

 

Two-input amplification  𝑣𝑜 = 𝐴𝑑(𝑣2 − 𝑣1) + 𝐴𝑐𝑚 (
𝑣2+𝑣1

2
) 

Differential gain  𝐴𝑑 = 𝑔𝑚(𝑟𝑜||𝑟𝐷) where 𝑟𝐷 = 𝑅𝐷𝐷||𝑅𝐿 

 

Common mode rejection ratio 𝐶𝑀𝑀𝑅 =
−2𝑔𝑚𝑅𝑆𝑆

(Δ𝑅𝐷 𝑅𝐷⁄ )+(Δ𝑔𝑚 𝑔𝑚⁄ )
 

Input referred DC offset voltage 𝑉𝑂𝑆 = √(
𝑉𝑂𝑉

2

Δ𝑅𝐷

𝑅𝐷
 )

2
+ (

𝑉𝑂𝑉

2

Δ(𝑊 𝐿⁄ )

(𝑊 𝐿⁄ )
 )

2
+ (Δ𝑉𝑡𝑛)2 

 

CMOS differential amplifier 

Differential gain  𝐴𝑑 ≈ 𝑔𝑚(𝑟𝑜2||𝑟𝑜4 ) 

Common mode gain  𝐴𝑐𝑚 ≈ −1 (2𝑔𝑚𝑅𝑆𝑆)⁄  

 

Frequency response 

Miller approximation  𝐶𝑀 = [1 + 𝑔𝑚(𝑟𝑜||𝑅𝐿)]𝐶𝑔𝑑 

 

Transfer function  𝑇𝑛
𝑚(𝑠) =

∑ (𝑎𝑘𝑠𝑘)𝑚
𝑘=0

∑ (𝑎𝑙𝑠𝑙)𝑛
𝑙=0

= 𝑎𝑚
∏ (𝑠+𝑍𝑖)𝑚

𝑖=1

∏ (𝑠+𝑃𝑗)𝑛
𝑗=1

= 𝐴
∏ (1+

𝑠

𝜔𝑍𝑖
)𝑚

𝑖=1

∏ (1+
𝑠

𝜔𝑃𝑗
)𝑛

𝑗=1

 

 

Single time constant high pass 𝐹𝐿(𝑠) = 𝑇𝑛=1
𝑚=1(𝑠) = 𝐾

1

1−𝑗𝜔𝜏𝐿
 

Low corner dominant pole  𝜏𝑃𝑚𝑖𝑛 =
1

𝜔𝑃𝑚𝑎𝑥
≈ 1 √∑ 𝜔𝑃𝑗

𝑛
𝑗=1 − 2 ∑ 𝜔𝑍𝑖

𝑚
𝑖=1⁄  

Method of SCTCs approximation 𝜏𝐿 =
1

𝜔𝐿
≈ 1 ∑

1

𝐶𝑘𝑅𝑘0
𝑘⁄  

 

Single time constant low pass 𝐹𝐻(𝑠) = 𝑇𝑛=1
𝑚=0(𝑠) = 𝐾

1

1+𝑗𝜔𝜏𝐻
 

High corner dominant pole  𝜏𝑃𝑚𝑎𝑥 =
1

𝜔𝑃𝑚𝑖𝑛
≈ √∑

1

𝜔𝑃𝑗

𝑛
𝑗=1 − 2 ∑

1

𝜔𝑍𝑖

𝑚
𝑖=1  

Method of OCTCs approximation 𝜏𝐻 =
1

𝜔𝐻
≈ ∑ 𝐶𝑘𝑅𝑘0𝑘  

 

Feedback analysis 

Open loop gain  𝐴 

Feedback factor  𝛽 

Loop gain    𝐴𝛽 

Amount of feedback  (1 + 𝐴𝛽) 

Closed loop gain  𝐴𝑓 = 𝐴/(1 + 𝐴𝛽) 
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Output stages 

Energy conservation  𝑃𝐿 + 𝑃𝐷 = 𝑃𝐼 + 𝑃𝑆 

 

Power efficiency  𝜂 =
𝑃𝐿

𝑃𝑆+𝑃𝐼
 

Class A power efficiency  𝜂𝐴 ≤
1

4
(

𝑉𝑜̂

𝐼𝑅𝐿
) (

𝑉𝑜̂

𝑉𝐷𝐷
)  

Class B power efficiency  𝜂𝐵 =
𝜋

4
(

𝑉𝑜̂

𝑉𝐷𝐷
)  

 

Digital logic 

De Morgan’s law  𝐴 + 𝐵̅̅ ̅̅ ̅̅ ̅̅ = 𝐴̅𝐵̅ ⇔ 𝐴𝐵̅̅ ̅̅ = 𝐴̅ + 𝐵̅ 

 

Operation mid point  𝑉𝑀 

Low state noise margin  𝑁𝑀𝐿 = 𝑉𝑂𝐿 − 𝑉𝐼𝐿 

High state noise margin  𝑁𝑀𝐻 = 𝑉𝑂𝐻 − 𝑉𝐼𝐻 

 

Charging transient  𝑦(𝑡) = 𝑌∞ − (𝑌∞ − 𝑌0+) exp (−
𝑡

𝜏
) 

Active charging equation  Δ𝑄 = 𝐼Δ𝑡 = 𝐶Δ𝑉 

Inverter propagation delay  𝑡𝑃 =
1

2
(𝑡𝑃𝐻𝐿 + 𝑡𝑃𝐿𝐻) 

Inverter (Q1-Q2) output capacitance 𝐶 = 2(𝐶𝑔𝑑1 + 𝐶𝑔𝑑2) + 𝐶𝑑𝑏1 + 𝐶𝑑𝑏2 + 𝐶𝑔3 + 𝐶𝑔4 + 𝐶𝑤 

 

Inverter dynamic power dissipation 𝑃𝑑𝑦𝑛𝑎𝑚𝑖𝑐 = 𝑓𝐶𝑉𝐷𝐷
2  

Inverter power delay product 𝑃𝐷𝑃 = 𝑃𝐷 × 𝑡𝑃 

Inverter energy delay product 𝐸𝐷𝑃 = 𝑃𝐷𝑃 × 𝑡𝑃 

 

Memory circuits 

Clocked SR flip flop access criterion (
𝑊

𝐿
)

5,6
> 2

𝑘𝑝
′

𝑘𝑛
′ (

𝑊

𝐿
)

2
 

Clocked SP flip flop propagation criterion 𝑇 > 𝑇𝑚𝑖𝑛  = (𝑡𝑃𝐻𝐿)𝑄𝑒𝑞−𝑄2 + (𝑡𝑃𝐿𝐻)𝑄3−𝑄4 

 

6T SRAM read criterion  
(𝑊 𝐿⁄ )𝑎

(𝑊 𝐿⁄ )𝑛
< 1 (

𝑉𝑡𝑛

𝑉𝐷𝐷−𝑉𝑡𝑛
)

2
⁄ − 1 

6T SRAM write criterion  
(𝑊 𝐿⁄ )𝑝

(𝑊 𝐿⁄ )𝑎
<

𝑘𝑛
′

𝑘𝑝
′ [1 − (1 −

𝑉𝑡𝑥

𝑉𝐷𝐷−𝑉𝑡𝑥
)

2
] 

 

1T DRAM boost level  𝑉𝑤 = 𝑉𝐷𝐷 + 𝑉𝑡𝑛 

 


