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Lecture 3
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CS Amplifier
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CS Amplifier

Vin

𝐺𝑎𝑖𝑛= −𝑔𝑚 ∗ (𝑅𝐷| 𝑟0 |𝑅𝐿)

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 

3. Fix (W/L) for required gain 

gm= 2ID / Vov
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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 𝑖𝑠 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝐿𝑜𝑎𝑑 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒
𝐻𝑖𝑔ℎ 𝐼𝑛𝑝𝑢𝑡 𝐼𝑚𝑝𝑒𝑑𝑒𝑛𝑐𝑒
High Miller Capacitance 
Current , Voltage and Power Gain

𝐺𝑎𝑖𝑛= −𝑔𝑚 ∗ (𝑅𝐷| 𝑟0 |𝑅𝐿)
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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 = −
𝑔𝑚 𝑅𝐷

(1 + 𝑔𝑚 )𝑅𝑠

𝐺𝑎𝑖𝑛~ −
𝑅𝐷

𝑅𝑠
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CS Amplifier

CS stage with source degeneration.

𝑣𝑖𝑛 = 𝑣𝑔𝑠+ 𝑖𝑜𝑢𝑡 𝑅𝑠

𝑣𝑖𝑛 = 𝑣𝑔𝑠+ 𝑉𝑋 𝑣𝑜𝑢𝑡 = − 𝑖𝑜𝑢𝑡 𝑅𝐷

𝑖𝑜𝑢𝑡 = 𝑔𝑚 (𝑣𝑖𝑛 −𝑖𝑜𝑢𝑡 𝑅𝑆) − (𝑔𝑚𝑏 𝑖𝑜𝑢𝑡 𝑅𝑠) +
− 𝑖𝑜𝑢𝑡 𝑅𝐷− 𝑖𝑜𝑢𝑡 𝑅𝑠)

𝑟𝑜

𝑖𝑜𝑢𝑡(1 + (𝑔𝑚 + 𝑔𝑚𝑏 )𝑅𝑆 +
𝑅𝐷+𝑅𝑠

𝑟𝑜
)) = 𝑔𝑚 𝑣𝑖𝑛

𝐺𝑎𝑖𝑛 =
−𝑔𝑚𝑅𝐷

1+(𝑔𝑚 + 𝑔𝑚𝑏 )𝑅𝑆+
𝑅𝐷+𝑅𝑠

𝑟𝑜

𝐺𝑎𝑖𝑛~ −
𝑅𝐷

𝑅𝑠

𝐺𝑎𝑖𝑛 =
−𝑔𝑚𝑅𝐷𝑟𝑜

𝑅𝐷+𝑅𝑠+ 𝑟𝑜+(𝑔𝑚 + 𝑔𝑚𝑏 )𝑅𝑆𝑟𝑜
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CS Amplifier

CS Amplifier Output Resistance

𝑖𝑜𝑢𝑡 = −𝑔𝑚 𝑖𝑜𝑢𝑡𝑅𝑆 −𝑔𝑚𝑏 𝑖𝑜𝑢𝑡𝑅𝑆+
𝑣𝑜𝑢𝑡− 𝑖𝑜𝑢𝑡 𝑅𝑆)

𝑟𝑜

𝑖𝑜𝑢𝑡( 𝑔𝑚 + 𝑔𝑚𝑏 𝑟𝑜𝑅𝑆+ 𝑟𝑜+𝑅𝑆) =𝑣𝑜𝑢𝑡

𝑅𝑜𝑢𝑡 ≈ 𝑟𝑜 + 𝑔𝑚 𝑟𝑜𝑅𝑆
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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
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CS Amp with Current Source Supply

Gain = ?
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CS Amp with Current Source Supply



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

8/6/2022 12

P-Channel CS Amplifier



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

8/6/2022 13

CS Amplifier with Active Load
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CS Amplifier with Active Load

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 .  𝐺𝑎𝑖𝑛=𝑔𝑚(𝑟01||𝑟02 || 𝑅𝐿)
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Active Loads
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Active Loads

By applying KVL,. 

We have, VGS = VG - VS = - Vx

VBS = VB - VS = - Vx [ Body is connected to ground] 

By applying KCL at Node A, We get, 

Ix + gm VGS + gmb V BS - Vx/ro = 0 

i.e. Ix = gm Vx + gmb V x + Vx/ro
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Common Gate Amplifier 
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Common Gate Amplifier 

Vout= IXRD

Gain= RD (1/ro + gm + gmb)

Advantages ??

Low I/P Impedance

High Frequency Applications

𝐺𝑎𝑖𝑛 𝑖𝑠 𝑎 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝐿𝑜𝑎𝑑 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒
𝐿𝑜𝑤 𝐼𝑛𝑝𝑢𝑡 𝐼𝑚𝑝𝑒𝑑𝑒𝑛𝑐𝑒
Low Miller Capacitance 
Current , Voltage and Power Gain

Gain ≃ RD (gm + gmb)

Simulation
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Common Drain Amplifier 

Assuming R1||R2 >> rin

Vin = Vgs + Vout
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Common Drain Amplifier 

Vin = Vgs + Vout

𝑣𝑜𝑢𝑡

𝑅𝐿
′ ||𝑟𝑜

= 𝑔𝑚𝑣𝑔𝑠 − 𝑔𝑚𝑏𝑣𝑜𝑢𝑡

𝑣𝑜𝑢𝑡

𝑅𝐿
′ ||𝑟𝑜

= 𝑔𝑚 𝑣𝑖𝑛 − 𝑣𝑜𝑢𝑡 − 𝑔𝑚𝑏𝑣𝑜𝑢𝑡

𝑣𝑜𝑢𝑡

𝑣𝑖𝑛
=

𝑔𝑚

1
𝑅′

𝐿||𝑟𝑜
+ 𝑔𝑚𝑏 + 𝑔𝑚

1out m

in mb m

v g

v g g
 

+

Advantages ??

Low O/P Impedance

𝐺𝑎𝑖𝑛 𝑖𝑠 𝑎 𝑵𝑶𝑻 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝐿𝑜𝑎𝑑 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒
Current , Voltage and Power Gain

1
out

m mb

R
g g


+

Simulation
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Summary of CS, CG & CD Amplifiers with Current Source Bias 
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Telescopic Cascode Amplifier 

𝐺𝑎𝑖𝑛~ −𝑔𝑚 𝑅𝐷

Advantages ??
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Telescopic Cascode Amplifier 

𝐺𝑎𝑖𝑛~ −𝑔𝑚 𝑅𝐷

Advantages ??

Simulation
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Telescopic Cascode Amplifier 

Cascode Amplifier Output Resistance

𝑖𝑜𝑢𝑡 = −𝑔𝑚2 𝑖𝑜𝑢𝑡𝑟𝑜1- −𝑔𝑚𝑏2 𝑖𝑜𝑢𝑡𝑟𝑜1 +
𝑣𝑜𝑢𝑡− 𝑖𝑜𝑢𝑡 𝑟𝑜1)

𝑟𝑜2

𝑖𝑜𝑢𝑡( 𝑔𝑚2 + 𝑔𝑚𝑏2 𝑟𝑜1 𝑟𝑜2 + 𝑟𝑜1+ 𝑟𝑜2) =𝑣𝑜𝑢𝑡
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Telescopic Cascode Amplifier 

Cascode Amplifier with Simple Active Load 
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Telescopic Cascode Amplifier 

Cascode Amplifier with Cascode Current-Source Load

Disadvantages ??
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Folded Cascode Amplifier 
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Folded Cascode Amplifier 

Source: Design of Analog CMOS Integrated Circuits by Behzad Razavi
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Folded Cascode Amplifier 

Source: Design of Analog CMOS Integrated Circuits by Behzad Razavi

Folded cascode with cascode load. 
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Useful Transistor Pairings
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Thank you


