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Opera(onal amplifier

2	

Current
biasing

Differen(al amplifier
(1st stage)

(2nd stage)

•  2 gain stages (80…120dB)
•  Differen(al input stage
•  Miller compensa(on
•  Current biasing

Symbol:

Compensa(on
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Source-coupled pair
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Assume M1 and M2 are equal and in satura(on

Current and voltage equa(ons:

Solve I1 and I2
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with small input voltage i.e.
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Input satura(on voltage
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Gain of source-coupled pair
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Assume Vin=Vin1-Vin2 is small and assign

No signal current flows into tail current source

⇒ ”virtual ground”
Small signal gain with load resistor RL

Solve for gain
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AC analysis

No current flow into tail current source ISS   ⇒   ”virtual ground”

Assign                     and

M1 drives current       into virtual ground 

M2 draws current       from virtual ground
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It is adequate to study only leY or right half circuit
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Small signal analysis
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Common-mode and signal ranges

Assume source-coupled pair not saturated
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Output signal range:
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Differen(al to single-ended conversion
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Current equa(on at output

Assume equal transistors M3 and M4

Differen(al to single-ended conversion can be 
performed with a current mirror load M3 and M4 
Assume a small input signal
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Current equa(ons at nodes A and B
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Common-mode and signal ranges
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Output signal range:
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current equa(ons at nodes A, B and C
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Common-mode rejec(on

-  Ideal tail current source with infinite 
source impedance blocks the common 
mode signal

-  common mode signal is transferred to the 
output when curren source impedance is 
finite.
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Differen(al mode signal gain:

Common-mode signal gain:

Common-mode signal rejec(on:
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CMRR frequency response
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Common-mode rejec(on

Add capacitors in parallel of g0 and gL

Assume single pole approxima(on
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Common-mode rejec(on with current mirror loading
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Opera(onal amplifier

21	

Current
biasing

Differen(al amplifier
(1st stage)

(2nd stage)

•  2 gain stages (80…120dB)
•  Differen(al input stage
•  Miller compensa(on
•  Current biasing

Symbol:

Compensa(on



CMOS current mirror
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Same type of transistors (NMOS)
Different dimensions (W/L)

Assume same length L1=L2

Inaccuracy due to channel 
length modula(on when 
VDS1 ≠ VDS2
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Effect of channel length modula(on
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Matching of current mirror

M1 and M2 in satura(on

Let’s define:
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Matching improves, when VGS-VT increases!
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Source degenera(on

Voltage equa(on

Current equa(on

Voltage drop in r

Solve rout

rrgr ds2m2out ≈
25
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DC small signal circuit of current source



Cascode Current Source
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Wilson current source
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Increasing output impedance

Regulated cascode:
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Genera(on of biasing current

29

Voltage divider:

+ Simple
− Supply varies
− TEMP dependence
− Process dependence

PTAT current reference:

+ Supply independent
+ Low process dependence
+ Reduced TEMP coefficient
− More complex (BJT needed)



Voltage Biasing
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Bias voltage:
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Transistors in satura(on:
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PTAT current reference
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Assume that transistors M1 and M2 are equal
and M3 and M4 are equal

Then VGS1 = VGS2 and

Thus the source voltages of M3 and M4 are equal

and

VBE is less process and power supply dependent 
and depends on absolute temperature T.

(PTAT = propor(onal to absolute temperature)
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Bandgap current reference
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Assume equal transistors M1 and M2 and M3 and M4

n is the rela(ve size of BJTs

Thus the source voltages of M1 and M2 are equal
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CMOS current reference
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A voltage difference VGS is seen over resistor R

33

Assume that M3 and M4 are equal and 
M1 and M2 are unequal 21 L

W
L
W

 i.e. ⎟
⎠

⎞
⎜
⎝

⎛≠⎟
⎠

⎞
⎜
⎝

⎛



Bandgap voltage reference

Voltage equa(on for the loop:

From the BJT’s current equa(ons:

Voltage equa(on for R1 and R2
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