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Agenda

• Common-Source Amp Input Impedance
• Common-Drain Amp Frequency Response
• Differential Pairs
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Common-Source Amp Frequency Response
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Common-Source Amp Input Impedance

[Razavi]

N l ti O t t CNeglecting Output Cap:

Input impedance is purely capacitive (Cgs + Miller Cgd)

Considering Output Cap:
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Low frequency is capacitive, but then impedance 
experiences a zero followed by a second pole
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S ll i l l i C d i ( f ll ) lifi

Small signal equivalent circuit

Small signal analysis: Common-drain (source follower) amplifier
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Common-Drain Amplifier: 
High Frequency ResponseHigh Frequency Response

• Simplifying the schematic a bit for SSA
• Ideal current source load and neglecting 

transistor ro and gmb (i.e. ==0)  
Will l i i i i DC i i• Will result in an optimistic DC gain estimate

va

[Razavi]
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Common-Drain Amplifier: 
High Frequency ResponseHigh Frequency Response

va [Razavi]
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Common-Drain Amplifier: 
High Frequency ResponseHigh Frequency Response

• From this simplified transfer function:p
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Common-Drain Amp Input Impedance

[Razavi]

L FLow Frequency:
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design oscillator in utilized be can term resistance negative The
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Diff ti l P i Li i li it d t 2 VDifferential Pair: Linear range is limited to 2 VDSAT

id1 id2

If both transistors are saturated and IB is ideal (rIB=)
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Solving these equations => Valid for |v1-v2| < 21/2VDSAT1
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1DSATV222 
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VDSAT1
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Diff ti l P iDifferential Pair

id1 id2

The diff pair is a nonlinear circuit
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B i O ti l T d t A lifiBasic Operational Transconductance Amplifier

DESIGN CONSIDERATIONS:VDD

Vd=v1-v2 < VDSAT

V1,2 -VSS >VGS1+VDSATB
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For an ideal current source and ignoring the effects of gmb, and transistor mismatches, then 
iout=0 for v1=v2 ==> rejection to common-mode (noise) signals present at the input!
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F RF RFrequency ResponseFrequency Response
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L FL F RRLow Frequency Low Frequency ResponseResponse
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F RF RFrequency ResponseFrequency Response
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F RF RFrequency ResponseFrequency Response

V

gmRXPoles are associated with both 
resistors and capacitors
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IMPORTANT REMARKS !!!!
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DC-GAIN IS PROPORTIONAL TO RX
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GAIN-BANDWIDTH PRODUCT (=gm/CX) IS CONSTANT

TRADEOFF BETWEEN GAIN AND BANDWIDTH
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Next Time

• Single-Stage Amplifiers (cont.)
• Common-Gate
• Cascode Stage

• Noise

17


