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1. Fully differential folded cascode OTA: Procedural sizing 

The purpose of this section is to provide the sizing procedure of the following OTA step-by-step. Starting by 

choosing circuit-level parameters (specifications) and propagating them to transistor level. 

 

 

The technology used is UMC 180nm 

1.8V devices and their parameters are: 

 

Parameter 
Unit 

Extracted  

Kp 
PMOS 40 

A/V2 
NMOS 208 

Ua 
PMOS 16 

V/m 
NMOS 5 

n 
PMOS 1.3 

- 
NMOS 1.2 

Cox 8.3 fF/m2 

 

 

 

 

 

 

 

 

The OTA, have to meet the following specifications.  

 

Parameter 
Value 

Unit 
Specification  

Open-loop gain > 70  dB 

GBW 60  MHz 

Slew rate [SR] 50  V/s 

Load capacitance [𝑪𝑳] 100  fF 

 

/25 
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1.1. Bias currents 

 

 Parameter Expression Value Unit Guideline 

B
ia

s 

0I  𝑺𝑹 × 𝟐𝑪𝑳 10 A From SR 

1I  𝟏, 𝟐 ×
𝑰𝒐

𝟐
 6 A  

 

1.2. Differential pair 

Determine the transconductance, inversion factor and W/L ratio of the differential pair.  
 

 Parameter Expression Value Unit Guideline 

D
if

fe
re

n
ti

al
 p

ai
r 2,1mg  𝒇𝒈𝒃𝒘 × 𝟐 × 𝝅 × 𝑪𝑳 37.7 S  From GBW 

2,1fI  ((
𝟐𝑰𝑫𝟏,𝟐

(𝒏 × 𝒖𝑻 × 𝒈𝒎𝟏,𝟐) 
− 𝟏)

𝟐

− 𝟏)
𝟏

𝟒
 11.47 - From 

2

2

D

m

I

g
 

2,1

2,1

L

W
 

𝑰𝒅𝟏,𝟐

𝟐 × 𝒏 × 𝑲𝒑 × 𝑰𝒇𝟏,𝟐 × 𝒖𝑻
𝟐
 4.77 - From 

2fI  

1.3. Folded cascode load 

The 8 transistors composing the folded cascode stage will now be sized.  
Determine the inversion factor and W/L ratio of these transistors to:  
• Keep all saturation voltages of m10, m8, m6 small  

• Minimize the noise and offset contribution of m3 and m4 

• For simplification, only two values will be chosen for the inversion factor: I F= 10 or IF = 1. 

 

 

 Parameter Expression Value Unit Guideline 

F
o
ld

ed
 

C
as

co
d
e 

5

5

L

W
 

𝑰𝟏

𝟐 × 𝒏 × 𝑲𝒑,𝒏 × 𝑰𝒇𝟓 × 𝒖𝑻
𝟐
 15  

Minimize saturation voltages 

15 =fI  
save area 

7

7

L

W
 

𝑰𝟏

𝟐 × 𝒏 × 𝑲𝒑,𝒑 × 𝑰𝒇𝟕 × 𝒖𝑻
𝟐
 64.1  

Minimize saturation voltages 

17 =fI  
save area 

2 

3 

2 



Family Name:     First Name:                                                .  

Low-Power Analog Design – Final Exam 

9

9

L

W
 

𝑰𝒅𝟗

𝟐 × 𝒏 × 𝑲𝒑 × 𝑰𝒇𝟗 × 𝒖𝑻
𝟐
 64.1  

Minimize saturation voltages 

19 =fI  
save area 

3

3

L

W
 

𝑰𝒅𝟑

𝟐 × 𝒏 × 𝑲𝒑 × 𝑰𝒇𝟑 × 𝒖𝑻
𝟐
 2.8  

Minimize noise contribution 

103 =fI  
Operate in strong inversion 

 

Calculate the output resistance necessary to meet the open-loop gain specification.  
 

 Parameter Expression Value Unit Guideline 

R
o
u
t 

outR  
𝑨𝟎

𝒈𝒎𝟏,𝟐
 84   

 

Neglecting the conductance of the differential pair (assume 31 5.0 dsds gg  ), determine the conductance and length 

of all transistors so that: 

• The specified open-loop gain is achieved 

• The NMOS and PMOS resistances at the output node are balanced (
downup RR = ) 

• The total area of the folded cascade stage is minimized (in the order of 85m2) 

◼ m7 and m9 have the same length 

◼ The length of m3 is two times the one of m5  

 

 

 Parameter Expression Value Unit Guideline 

R
o
u
t 

𝑛𝑛𝑝 × 𝑔𝑚5,7 
𝟏

𝒖𝑻
×

𝟐𝑰𝟏

𝟏 + √𝟏 + 𝟒𝑰𝒇𝟓,𝟕

 142.6 
µS 

 
 

upR  
𝒈𝒎𝟕

𝒈𝒅𝒔𝟕 × 𝒈𝒅𝒔𝟗
 168   outdownup RRR 2==  

𝐿7 × 𝐿9 
𝟐 × 𝑹𝒐𝒖𝒕 × 𝑰𝟏

𝟐

𝒈𝒎𝟓,𝟕 × 𝑼𝒂𝒑
𝟐

 0.215 m2   

𝐿9 𝑳𝟕 = 𝑳𝟗 = √𝑳𝟕 × 𝑳𝟗 464 nm 
𝐿7 = 𝐿9 

 

𝐿7 𝑳𝟕 = 𝑳𝟗 = √𝑳𝟕 × 𝑳𝟗 464 nm 
𝐿7 = 𝐿9 

 

downR  
𝒈𝒎𝟓

𝒈𝒅𝒔𝟓 × (𝒈𝒅𝒔𝟏 + 𝒈𝒅𝒔𝟑)
 168   outdownup RRR 2==  

 

2 

1 2 

1 

1 
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𝐿3 × 𝐿5 
𝟏. 𝟓 × 𝟐 × 𝑹𝒐𝒖𝒕 × 𝑰𝑫𝟑 × 𝑰𝑫𝟓

𝒈𝒎𝟓 × 𝑼𝒂𝒏
𝟐

 5.52 m2  

𝐿5 𝑳𝟓 =
𝑳𝟑

𝟐
 1.66 m 𝐿3 = 2𝐿5 

𝐿3 𝑳𝟑 = 𝟐𝑳𝟓 3.3 m 𝐿3 = 2𝐿5 

Calculate the width of all transistors. 

 Parameter Expression Value Unit Guideline 

R
o
u
t 

𝑊3 
𝑾𝟑

𝑳𝟑
× 𝑳𝟑 9 m  

𝑊5 
𝑾𝟓

𝑳𝟓
× 𝑳𝟓 25 m  

𝑊7 
𝑾𝟕

𝑳𝟕
× 𝑳𝟕 29.7 m  

𝑊9 
𝑾𝟗

𝑳𝟗
× 𝑳𝟗 29.7 m  

1.4. Differential pair finalization & Current source 

Find the length and the width of the differential pair. 

 

 

Parameter Expression Value Unit Guideline 

𝐿1 𝟐
𝑰𝑫𝟏

𝑰𝑫𝟑
×

𝑼𝒂𝒏

𝑼𝒂𝒑
× 𝑳𝟑 850 nm 

31 5.0 dsds gg   

𝑊1 
𝑾𝟏

𝑳𝟏
× 𝑳𝟏 4 m  

 

 

Parameter Expression Value Unit Guideline 

𝐿𝐵1 𝑳𝑩𝟏 = 𝑳𝟗 464 nm Should match with M9 

1 

1 

1 
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𝑊𝐵1 
𝑰𝟎

𝑰𝟏
× 𝑾𝟗 49.5 m Should match with M9 

1.5 Offset Estimation:  

In case of the above folded cascade, give the expression of the input referred offset that include the 

contribution of Differential pair: m1,2 ; Folded cascode: m3,4 and Active load: m9,10 

 

 

=
2

Vos 𝜎𝑉𝑇
2 + (

𝐼0

2𝑔𝑚1,2
)

2

(𝜎′𝛽1,2)
2

 

+ (
𝑔𝑚3,4

𝑔𝑚1,2
)

2

𝜎𝑉𝑇
2 + (

𝐼3,4

𝑔𝑚1,2
)

2

(𝜎′𝛽3,4)
2

 

+ (
𝑔𝑚9,10

𝑔𝑚1,2
)

2

𝜎𝑉𝑇
2 + (

𝐼9,10

𝑔𝑚1,2
)

2

(𝜎′𝛽9,10)
2

 

 

𝜎′𝛽𝑖 = 𝜎𝛽𝑖/𝛽𝑖   
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1.6 Common-mode feedback CMFB  

Propose a CMFB circuit that use two differential pairs to tune the gate voltage of mB1 and set the common-mode 

output voltage to VDD/2. Show how this CMFB circuit is connected to the fully differential cascode OTA (i.e. 

give the name of its input and output nodes) 

 

VDD

Vout+ Vout-VDD/2

VBias0

 

3 


