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MOSFET  Large Signal Equivalent

Based on content from

Sedra/Smith “Microelectronic Circuits” -

Fifth Edition
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MOSFET  Large Signal Equivalent

Cut-off Region 𝐹𝑜𝑟 𝑉𝐺𝑆 < 𝑉𝑇 𝐼𝐷= 0

Linear Region- Small VDS

𝐼𝐷 =
µ𝑛𝐶𝑜𝑥𝑊(𝑉𝐺𝑆 − 𝑉𝑇)𝑉𝐷𝑆

𝐿

𝑇𝑟𝑎𝑛𝑠𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝐶ℎ𝑎𝑛𝑛𝑒𝑙 𝑔𝐷𝑆 =
µ𝑛𝐶𝑜𝑥𝑊𝑉𝑜𝑣

𝐿

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝑡𝑟𝑎𝑛𝑠𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑘𝑛
′ = µ𝑛𝐶𝑜𝑥 𝐼𝐷 =

𝑘𝑛
′𝑊𝑉𝑜𝑣𝑉𝐷𝑆

𝐿
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MOSFET  Large Signal Equivalent

Linear Region as VDS is Increased 

𝐼𝐷 =
𝑘𝑛
′𝑊(𝑉𝑜𝑣−

𝑉𝐷𝑆
2
)𝑉𝐷𝑆

𝐿
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MOSFET  Large Signal Equivalent

𝑉𝐷𝑆 = 𝑉𝑜𝑣 = 𝑉𝐺𝑆 - 𝑉𝑇

𝐼𝐷 =
𝑘𝑛
′𝑊(𝑉𝑜𝑣−

𝑉𝐷𝑆
2 )𝑉𝐷𝑆

𝐿

𝐼𝐷 =
𝑘𝑛
′𝑊(𝑉𝐺𝑆 − 𝑉𝑇)

2

2𝐿

Saturation Region
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MOSFET  Large Signal Equivalent
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MOSFET  Large Signal Equivalent

Channel Length Modulation

𝜆 =
1

𝑉𝐴

𝑉𝐴 𝐸𝑎𝑟𝑙𝑦 𝑉𝑜𝑙𝑡𝑎𝑔𝑒

λ ∝ 1/L
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MOSFET  Large Signal Equivalent
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MOSFET  Large Signal Equivalent
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Circuit Symbols
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Circuit Symbols
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MOSFET  Small Signal Equivalent
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MOSFET  Small Signal Equivalent

Small Signal Modelling

Find an equivalent circuit which relates the incremental changes in iD, vGS, vDS, etc.

Since the changes are small, the small-signal equivalent circuit has linear elements 

only (e.g., capacitors, resistors, controlled sources)

VGS − VTn 2 + 2 VGS − VTn vgs+ vgs
2  

Neglecting CLM
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MOSFET  Small Signal Equivalent

Transconductance

The small-signal drain current due to vgs is given by



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

8/9/2022 15

MOSFET  Small Signal Equivalent

Output Conductance
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MOSFET  Small Signal Equivalent

Backgate Transconductance
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MOSFET  Small Signal Equivalent

High Frequency Model
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CS Amplifier

Vin
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CS Amplifier

𝑉𝐷𝑟𝑎𝑖𝑛= 𝑉𝐷𝐷 − 𝐼𝐷 ∗ 𝑅𝐷

𝑉𝐷𝑟𝑎𝑖𝑛= 𝑉𝐷𝐷 − (𝐼𝐷𝐶 +𝑖𝑑) ∗ 𝑅𝐷

𝑉𝐷𝑟𝑎𝑖𝑛= 𝑉𝐷𝑄 − 𝑖𝑑 ∗ 𝑅𝐷

𝑉𝑜𝑢𝑡= −𝑖𝑑 ∗ 𝑅𝐷

𝑉𝑜𝑢𝑡= −𝑔𝑚𝑉𝑖𝑛 ∗ 𝑅𝐷

𝐺𝑎𝑖𝑛= −𝑔𝑚 ∗ 𝑅𝐷

𝐾𝑛= 200𝜇𝐴/𝑉2 𝑊/𝐿= 50

𝐼𝐷= 100𝜇𝐴, λ = 0.12 𝑉−1 𝑟𝑜 in few Mega Ohms    

Example

𝑔𝑚= 1.4 𝑚 G𝑎𝑖𝑛= 14𝐼𝐷= 100𝜇𝐴

Vin
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CS Amplifier
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CS Amplifier

Vin

Design Steps

1. Fix IDQ  Meeting following conditions

(a) IDQ * VDD < Max Power Constraint 

(b) SR= dVo / dt maximum V/µs

SR= ID / CLoad

2. Fix  RD  for Max Symmetrical Output swing 

RD = (VDD – Vov)/2IDQ 

gm= 2ID / Vov

3. Fix (W/L) for required gain 

𝐺𝑎𝑖𝑛= −𝑔𝑚 ∗ 𝑅𝐷
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CS Amplifier

Vin

Design Steps

4. Design issues with R1 and R2

Set for V-overdrive (VGS)

5. Values of C1 and C2

𝐺𝑎𝑖𝑛= −𝑔𝑚 ∗ 𝑅𝐷



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

8/9/2022
23

Load-Line Analysis to find Q

Q

𝐼𝑅𝐷 =
𝑉𝐷𝐷 − 𝑉𝑜𝑢𝑡

𝑅𝐷

𝐼𝐷 =
𝑉𝐷𝐷
𝑅𝐷
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CS Amplifier

𝐺𝑎𝑖𝑛 𝑖𝑠 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝐿𝑜𝑎𝑑 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒
𝐻𝑖𝑔ℎ 𝐼𝑛𝑝𝑢𝑡 𝐼𝑚𝑝𝑒𝑑𝑒𝑛𝑐𝑒
High Miller Capacitance 
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CS Amplifier

High Miller Capacitance 

Vin
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CS Amplifier

No Q-point Stability



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

8/9/2022
27

CS Amplifier

CS stage with source degeneration.

𝑉𝐼𝑁 = 𝑉𝐺𝑆 + 𝐼𝐷 𝑅𝑆

∆𝐼𝐷 = ∆(𝑉𝐼𝑁 − 𝑉𝐺𝑆)/𝑅𝑆

𝑣𝑖𝑛 = 𝑣𝑔𝑠+ 𝑖𝑑 𝑅𝑠

𝑣𝑖𝑛 = 𝑣𝑔𝑠+ 𝑔𝑚 𝑣𝑔𝑠 𝑅𝑠

𝑣𝑖𝑛 = 𝑣𝑔𝑠 (1 + 𝑔𝑚 𝑅𝑠)

𝑣𝑜𝑢𝑡 = 𝑖𝑑 𝑅𝐷

𝑣𝑜𝑢𝑡 = −𝑣𝑔𝑠 𝑔𝑚 𝑅𝐷

𝐺𝑎𝑖𝑛~ −
𝑅𝐷
𝑅𝑠
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CS Amplifier

CS stage with source degeneration and bypass capacitor.

𝐺𝑎𝑖𝑛~ −𝑔𝑚 𝑅𝐷

Design Steps

1. Fix IDQ  Meeting following conditions

(a) IDQ * VDD < Max Power Constraint 

(b) SR= dVo / dt maximum V/µs

SR= IDQ / CLoad

2. Fix  RD  for Max Symmetrical Output swing 

RD = (0.9 VDD –Vov)/ 2IDQ 

3. RS= 0.1 VDD/ IDQ



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

8/9/2022 29

CS Amp with Current Source Supply

Gain = ?
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CS Amp with Current Source Supply
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CS Amp with Current Source Supply
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P-Channel CS Amplifier
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P-Channel CS Amplifier
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CS Amplifier with Active Load
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CS Amplifier with Active Load
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Thank you


