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I/gm Design Methodology 
 

EKV Parameters for 1.2V Standard MOST of UMC 65nm technology  
 

 
Transistor N 

 
kP,n= 300 µA/V2 

n= 1.2 
VT0= 0.4 V 

Ua,N= 10 V/µm 
Cox= 13 fF/µm2 

Cgs,ov = Cgd,ov = Cov =0.2 fF/µm 

 
Transistor P 

 
kP,p=  110 µA/V2 

n= 1.3 
VT0= 0.4 V 

Ua,P= 10 V/µm 
Cox= 13 fF/µm2 
Cov =0.2 fF/µm 

 
 

VDD = 1.2V 
VGND = VSS =0V 

 
 
 

 
 
 

 

Given the following OTA and its bias circuit: 
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OTA with PMOS differential pair and its Bias circuits  
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1. Explain the role of the circuits a, b, c 

 
 

- Explain the operation of (a). 
The circuit (a) is a start-up circuit that will enable to avoid the degenerated state Iref = 0 of the β-multiplier 
(b). In fact, when Iref is null, VGS,S3 equals Vdd and a significant current is injected by S3 into the drain of 
M1. This will trigger the positive feedback and set Ibias to its desired study-state value defined by Rs. At the 
same time VGS,S3 decreases and should go blow VT0 at the study state to cancel the impact of the start-up 
circuit on the β-multiplier operation. 
 
- Explain the operation of (b) and size all its transistors and Rs to meet the following specifications:  

IBias  = 10 A, IF of M2, M3, M4 is 10 and k = 4. 
The circuit (b) is a Beta-multiplier.  

The pMOS mirror impose: 𝐼஻௜௔௦ =
ூೝ೐೑

௞
 →  

ஒమ

ଶ
൫𝑉௚ଶ − 𝑅௦𝐼஻௜௔௦ − 𝑉 ൯

ଶ
 =

ஒభ

ଶ௞
൫𝑉௚ଵ − 𝑉 ൯

ଶ
= 𝐼஻௜௔௦ 

→ ൫𝑉௚ଵ,ଶ − 𝑉 ൯ = ඨ
2𝑘𝐼஻௜௔௦

βଵ
→ 𝐼஻௜௔௦ =

βଵ,ଶ

2
ቌඨ

2𝑘𝐼஻௜௔௦

βଵ
− 𝑅௦𝐼஻௜௔௦ቍ

ଶ

 

And thus if (I୆୧ୟୱ ≠ 0) we have: 

𝐈𝐁𝐢𝐚𝐬 =
𝟐

𝛃𝟏𝐑𝐬
𝟐

൫√𝐤 − 𝟏൯
𝟐

   

Since we know IF of M2 we can calculate its (W/L) 

𝑀2 →  ቀ
𝑤

𝐿
ቁ

ଵ,ଶ
=

𝑰஻௜௔௦

𝟐 × 𝒏𝒏 × 𝒌𝒑𝒏 × 𝑰𝑭𝟐 × 𝒖𝑻
𝟐

=
10. 10ି଺

2 × 1.2 × 300 10ି଺ × 10 × (26. 10ିଷ)ଶ
= 2  

𝑅ୱ = ඩ
2

𝒌𝒑𝒏 ቀ
𝑤
𝐿

ቁ
ଵ

𝑰஻௜௔௦

൫√k − 1൯
ଶ

= ඨ
2

300 10ି଺ 2 10 10ି଺
= 18 𝑘Ω 

𝑀4 →  ቀ
𝑤

𝐿
ቁ

ସ
=

𝑰஻௜௔௦

𝟐 × 𝒏𝒑 × 𝒌𝒑𝒑 × 𝑰𝑭𝟒 × 𝒖𝑻
𝟐

=
10. 10ି଺

2 × 1,3 × 110 10ି଺ × 10 × (26. 10ିଷ)ଶ
= 5 

𝑀3 →  ቀ
𝑤

𝐿
ቁ

ଷ
= 4 ቀ

𝑤

𝐿
ቁ

ସ
= 20 

- If the all nMOS transistors of (a) and (b) have the same size, propose a value for R*. 
At study-state the transistor S3 should be switched off to don’t disturb the Beta-multiplier. For this, the 
following conditions have to be fulfilled at study-state: 

𝑉௚௦(𝑆ଷ) < 𝑉 → 𝑉஽஽ − 𝑅∗𝐼௥௘௙ − 𝑉௚௦(𝑀ଵ) < 𝑉 → 𝑅∗ >
𝑉஽஽ − 𝑉௚௦(𝑀ଵ) − 𝑉

𝐼௥௘௙
 

M1 in strong inversion  𝑉௚௦(𝑀ଵ) = ඨ
ଶூೝ೐೑

𝒌𝒑𝒏ቀ
ೢ

ಽ
ቁ

భ

+ 𝑉 = ට
ଶ.ସ଴.ଵ଴షల

ଷ଴଴.ଵ଴షల.ଶ
+ 0,4 = 0.77 𝑉 → 𝑅∗ >

ଵ.ଶି଴.଻଻ି଴.ସ

ସ଴.ଵ଴షల
→

𝑅∗ > 750 Ω  
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2. Given the following specifications, size all the transistors of the OTA (b) 

 
 
The circuit will be designed to meet the following specifications, which will be verified by simulation. 
 

Parameter 
Unit 

Specification  
Open-loop 
Gain: Ao 

≈ 35 dB (56)  dB 

GBW: fGBW 25 MHz 

Slew rate: SR 20 V/s 

Load  
Capacitance: CL 

1 pF 

IF,5 10  
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SizingThe OTA will now be sized. Calculate the following parameters in the proposed order.  
 

 Parameter Expression Value Unit Guideline 
B

ia
s 

0I  𝑰𝟎 = 𝑺𝒓 ∙ 𝑪𝑳 20 A  

𝑊ହ

𝐿ହ

 
𝑰𝑫𝟓

𝟐 × 𝒏 × 𝒌𝒑 × 𝑰𝒇 × 𝒖𝑻
𝟐
 5 m 

L5 = 0.5µm 
 

D
if

fe
re

nt
ia

l p
ai

r 

gm2 𝒇𝒈𝒃𝒘 × 𝟐 × 𝝅 × 𝑪𝑳 157 S GBW 

2

2

d

m

I

g
  15.7 V-1  

IF1,2 ൮
𝟏

൬𝒏 × 𝒖𝑻 ×
𝒈𝒎𝟏,𝟐

𝑰𝑫𝟏,𝟐
൰ 

−
𝟏

𝟐
൲

𝟐

−
𝟏

𝟒
 1.66 - IF =Ic is the inversion 

factor  

 Conclusion about the operation of m1, m2 MI  Strong or weak 
inversion 

𝑊ଵ,ଶ

𝐿ଵ,ଶ

 
𝑰𝑫𝟏,𝟐

𝟐 × 𝒏 × 𝒌𝒑 × 𝑰𝒇 × 𝒖𝑻
𝟐
 31 -  

outR  
𝑨𝟎

𝒈𝒎𝟏,𝟐

 357 k Ao 

L1,2 = 𝑅௢௨௧𝐼஽൫𝑈௔,௡
ିଵ + 𝑈௔,௣

ିଵ൯ 0.7 m Rout, L4=L2 

W1,2  22 m  

4

4

L

W
 

𝑰𝑫𝟒

𝟐 × 𝒏 × 𝒌𝒑 × 𝑰𝒇 × 𝒖𝑻
𝟐
 2 - IF =10 

4L   0.7 m L2=L4 

4W   1.4 m  

 gm4 
𝑔௠

𝐼஽

=
1

𝑛𝑈்

.
2

1 + ඥ4𝐼ி + 1
 86.6 μS 

𝑔௠

𝐼஽

= 8.7 
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4. Determine analytically 
 

 the common mode input range CMIR+/ CMIR- 
 the output swing 
 the poles (dominant and non dominant) 
 the phase margin PM 
 CMRR 

 
 Analytical expression Numerical value 

A [dB] A0 = gm2.Rout 56 (35dB) 

fdom [Hz] 
1

2𝜋𝑅௢௨௧𝐶௅
 446k 

fnondom [Hz] 

(neglect 

junction cap 

CSB, CDB) 

𝑔௠ସ

2𝜋൫𝐶௚ௗ + 𝐶௚௦ଷ + 𝐶௚௦ସ + 𝑔௠ସ𝑅௢௨௧𝐶௚ௗ ൯
 

𝑔௠ସ

2𝜋 ቀ𝐶௢௩𝑊ଶ + 2. ቀ
𝐶௢௫𝑊ସ𝐿ସ. 2

3
+ 𝐶௢௩𝑊ସቁ + 𝑔௠ସ𝑅௢௨௧𝐶௢௩𝑊ସቁ

 

86.6 10ି଺

2𝜋(4.4 10ିଵ + 2 × 8.77 10ିଵହ + 8.7 10ିଵହ )
 

 

450 M 

>> GBW 

PM [°] 180° − 𝑎𝑟𝑐𝑡𝑎𝑛 ൬
𝑓 ஻ௐ

𝑓ௗ௢௠
൰ − 𝑎𝑟𝑐𝑡𝑎𝑛 ൬

𝑓 ஻ௐ

𝑓௡௢௡ିௗ௢௠
൰ 90° 

CMIR+ [V] VDD - VSD,sat5 - Vsg1 0.6 

CMIR- [V] Vs,min - Vsg1= V SD,sat1 + Vsg3 - Vsg1≈ 4UT  + 0.6 - VTn 0.3 

VOUTmax [V] 
Vs2 - V SD,sat2 =Vin- + Vsg2 - V SD,sat21  ≈ 0.5 +VTp - 4UT  

(if Vin- = 0.5 V) 
0.8 

VOUTmin [V] V D,sat4    0.2 

ΔVOUT [V] Vout,max -Vout,min 0.4 

 


