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Gain Boosting
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Fig. 6.13 The enhanced output-

impedance current mirror.
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Example
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Output impedance increased 100 times
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Enhanced Output-Impedance Current Mirror
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Fig. 6.15 The Sackinger implementation 

of the enhanced output-impedance 

current mirror.

Wide-range 

current mirror

 Current mirror using gain boosting technique
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High output impedance

Equal current

Output swing limited by Q3
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- Bedrich J,Hosticka, Swiss Federal Institute of Technology (1979년)
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Wide-Swing Current Mirror
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Fig. 6.16 A wide-swing current mirror with enhanced 

output impedance..

- Umberto Gatti, University of Pavia (1990년)
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High gain

Output Swing
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6.4 Folded-Cascode Opamp

Folded Cascode Op amp
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Cascode circuits                 Folded cascade circuits

Vout is independent of Vin.(Swing)

Power dissipation
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Folded Cascode Op amp
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Fig. Folded-cascode op amp topology
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Folded Cascode Op amp
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Single & Differential
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6.7 Fully Differential Opamps

Power

Slew-rate

Gain

Swing(x2)

Same Different

Advantage of Fully differential opamp

1. Twice the available swing

2. Canceling unwanted common-mode noise 
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Example
VDD=VSS=1.5V, VGS=0.82V, Vt=0.5V, I=0.4mA, RD=2.5KΩ, Current source 
minimum voltage(VCS)=0.4V.

(a)For VCM=0, find Vs and Vout1 and Vout2.

(b)Repeat (a) for VCM= +1V

(c)Repeat (a) for VCM= -0.2V

VS=VCM - VGS = 0 - 0.82V = -0.82V

VO1= VO2 =VDD  -
1

2
ID

=1.5 - 0.2× 2.5 = 1V

Q2Q1

2.5 kΩ2.5 kΩ

0.4mA

+1.5 V

++

--

VDD

-VSS

-1.5 V

Vo2Vo1

0.82V 0.82VVS

(a) For VCM=0, 

- 0.82V

0.2mA 0.2mA
+1V+1V
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VS=VCM - VGS = 1 - 0.82V = +0.18V

VO1= VO2 =VDD  -
1

2
ID

=1.5 - 0.2× 2.5 = 1V

(b) For VCM=+1V, 

+0.18V

0.2mA 0.2mA

+1V+1V

(c) For VCM=-0.2V, 

0.2mA 0.2mA
+1V+1V

VS=VCM - VGS = -0.2 - 0.82V = -1.02V

VCS= -VS – (-VSS)= -1.02+1.5V=0.48V≥ 0.4V

VO1= VO2 =VDD -
1

2
ID =1.5 - 0.2× 2.5 = 1V

- 1.02V

VCM max = Vt +(VDD  -
1

2
ID) =0.5+1=1.5V

VCM min = - VSS+ VCS + VGS =-1.5+0.4+0.82=-0.28V
-0.28V ≤ VCM ≤ +1.5V
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Fig. fully differential amp

VDD

VSS

t0

Vo1-Vo2

VDD

VSS

t0

VDD

VSS

0 t

Influence of the output CM signal on differential amp

VCM = 0

VCM = 0.5 VDD

VCM = 0.5 VSS

CM level is influenced by the mismatches and loads and can be at any value.
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Why we need the CMFB?
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Simplified model of high-gain amplifier

||( )( )    0     P N P N DDI I R R or V

Ideally IP = IN

In practice IP ≠ IN (mismatches)

1) ID5,6 > ISS/2 → both M5 and M6 → triode region 

2) ID3.4 < ISS/2 → both VX and VY ↓, M5 → triode region

CM level poorly defined!!

Depends on 

mismatches
Quite high

3mA
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Example

Suppose M9 suffers from a 1% current mismatch with respect to M10, 
producing ISS=2.97mA rather than 3mA. 

Too large to produce!

1. VX and VY must rise

2. M5-M6 and M7-M8 enter the triode region

3. ID7,8 = 1.485mA.

6 Basic Opamp Design and Compensation

6.7 Fully Differential Opamps
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CM level poorly defined!!
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Concept of CMFB
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6.8 Common-Mode Feedback Circuits

Three operations of CMFB

1. Sensing the output CM level

2. Comparison with a reference

3. Returning the error to the amplifier’s bias network

Fig. 6.37 The common-mode feedback loop in 

a fully differential folded-cascode opamp

Fig. 6.34 An example of a continuous-time 

CMFB circuit
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Concept of CMFB

6 Basic Opamp Design and Compensation
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Fig. 6.37 The common-mode feedback loop in 

a fully differential folded-cascode opamp

R1 , R2 >> Rout

(To avoid lowering the open loop gain.)
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(if R1=R2) Large area and suffer from parasitic 
capacitance.

Set CM level easily

Resistive sensing CMFB
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