
 

NX-422 EXERCISE 3 – Implantable Electronics 
Solutions 

 
1. Let’s check the details of the three-stage neural amplifier. 

 

 
 

(a) The equation for the overall mid-band gain: 
 

|𝐀𝐕|𝟑#𝐒𝐭𝐚𝐠𝐞 = |𝐀𝐕𝟏 × 𝐀𝐕𝟐 × 𝐀𝐕𝟑| = %
𝐂𝟏
𝐂𝟐
' × (

𝐂𝟑
𝐂𝟐
) × (

𝐑𝟏 + 𝐑𝟑
𝐑𝟏

) 

 
(b) Assuming C+ = C,, we will find the values of C- and C. in terms of C,. Ignore C/, 

and assume R-=40kW and R.=60kW. For our calculations, we are asked to 
have a total mid-band gain of 1000 and minimize the chip area by minimizing 
the total capacitance. 
 
Let’s start: 
 
𝐂𝟐 = 𝐂𝐮  assume 𝐂𝟏 = 𝐌× 𝐂𝐮 and 𝐂𝟑 = 𝐍 × 𝐂𝐮   
 
We know that 𝑅-=40kW and 𝑅.=60kW. Hence,  𝐑𝟏2𝐑𝟑

𝐑𝟏
= 𝟏𝟎𝟎𝐤W

𝟒𝟎𝐤W.
= 𝟐. 𝟓. 

 
|𝐀𝐕|𝟑#𝐒𝐭𝐚𝐠𝐞	=	1000	→	8

𝐂𝟏
𝐂𝟐
9 × 8𝐂𝟑

𝐂𝟐
9 = 𝟏𝟎𝟎𝟎

𝟐.𝟓
= 𝟒𝟎𝟎 = 𝐌× 𝐍	

	
Total capacitance excluding	C/	is		
	
=	𝟐𝐂𝟏 + 𝟐𝐂𝟐 + 𝟐𝐂𝟑 + 𝟐𝐂𝟐 = 𝟐 × (𝐌 + 𝐍 + 𝟐) × 𝐂𝐮	
	
Area ∝ 𝟐 × (𝐌 + 𝐍 + 𝟐) × 𝐂𝐮 
 
𝟐 × (𝐌 + 𝐍 + 𝟐) × 𝐂𝐮 = 𝟐 × %𝐌 +

𝟒𝟎𝟎
𝐌 + 𝟐' × 𝐂𝐮 = 𝒇(𝑴)	

	
To minimize the total capacitance and area	𝒅𝒇

𝒅𝑴
= 𝟎		 → 	𝟏 − 𝟒𝟎𝟎

𝐌𝟐 = 𝟎	
→ 	𝐌𝐨𝐩𝐭 = 𝟐𝟎	
	
→ 	𝐂𝟏 = 𝟐𝟎𝑪𝒖	and	𝐂𝟑 =

𝟒𝟎𝟎
𝟐𝟎
𝑪𝒖 = 𝟐𝟎𝑪𝒖	

	



 

(c) The amplifier’s bandwidth is set by the first stage and C+ = 400fF.   
 

𝐟𝐋 =
𝟏

𝟐 × 𝛑 × 𝐑𝟐 × 𝐂𝟐
= 𝟏	𝐇𝐳	 

 
	𝐂𝟐 = 𝐂𝐮 = 𝟒𝟎𝟎	𝐟𝐅 

 

𝐑𝟐 =
𝟏

𝟐 × 𝛑 × 𝟒𝟎𝟎 × 𝟏𝟎#𝟏𝟓 = 𝟑. 𝟗𝟖 × 𝟏𝟎𝟏𝟏

= 𝟎. 𝟑𝟗𝟖	𝐓W 
 
 
 

2.  We will draw the drain current of an NMOS (IA) as a function of VBC where VBC 
varies from 0 → 3V. 

 
• D

/
= EF

F.E
, VAC = 3	V, VGH = 0.7	V, µICJK = 50	µA/V+ and λ = 0. 

 
Saturation condition: 𝐕𝐃𝐒 > 𝐕𝐆𝐒 − 𝐕𝐓𝐇 
 
3V > (0 → 3V) − 0.7V, which means that the assumption is correct. The 
transistor is in saturation. 
 
The drain current equation for the saturation (λ = 0):  
 

𝐈𝐃 =
𝟏
𝟐𝛍𝐧𝐂𝐨𝐱

𝐖
𝐋
(𝐕𝐆𝐒 − 𝐕𝐓𝐇)𝟐 

 
 

IA =
1
2 × (50

µA
V+) ×

50
0.5 ×

(VBC − 0.7)+ 
 

IA = 2.5
mA
V+

(VBC − 0.7)+ 
 

At  𝐕𝐆𝐒 = 𝟑𝐕 → 𝐈𝐃 = 𝟏𝟑. 𝟐𝟐𝟓𝐦𝐀 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
3. (a) Common-Gate Amplifier Small-Signal Model: 

 
𝑉RS = 𝑉- = −𝑉TU 

𝑉VWX = −𝑔Y𝑉- × 𝑅Z 

𝑉VWX = −𝑔Y × (−𝑉TU) × 𝑅Z 

𝑨𝑽 =
𝑽𝒐𝒖𝒕
𝑽𝒊𝒏

= 𝒈𝒎 × 𝑹𝑫 

 
(b) Cascode Amplifier Small-Signal Model: 

 

 
−𝑉+ = (𝑔Y+𝑉+ − 𝑔Y-𝑉-) 	× 𝑅b 

𝑉+ × (𝑔Y+𝑅b + 1) = 𝑔Y-𝑉- × 𝑅b 

𝑉+ = 𝑉- × %
𝑔Y-𝑅b

𝑔Y+𝑅b + 1
' 

𝑉VWX = −𝑔Y+𝑉+ × 𝑅Z 

𝑉VWX = −𝑔Y+𝑅Z × 𝑉- × %
𝑔Y-𝑅b

𝑔Y+𝑅b + 1
' 

𝑽𝒊𝒏 =	 𝑉- 

 

𝑨𝑽 =
𝑽𝒐𝒖𝒕
𝑽𝒊𝒏

= −
𝒈𝒎𝟏𝒈𝒎𝟐𝑹𝑷𝑹𝑫
𝒈𝒎𝟐𝑹𝑷 + 𝟏

 


