2025-2026 Fall Semester

NX-422 EXERCISE 3 - Implantable Circuits Solutions
1. OTAs have a larger gm.
(a) The gain of the inverting amplifier:

Since gm is large, we can assume the negative input of the OTA is grounded (equal to
the positive input of the OTA). So we can write a KCL at that node:
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(b) The gain of the non-inverting amplifier:

Since gm is large, we can assume the negative input of OTA is equal to the positive
input of the OTA. So we can write a KCL at that node:
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2. Let’s check the details of the three-stage neural amplifier.
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(a) The equation for the overall mid-band gain:

|Av|3_stage = |Ay1 X Ayz X Ay3| = (C_) X (C_ X ( R
2 2 1
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(b) Assuming C, = C,, we will find the values of C; and C; in terms of C,. Ignore C;,,
and assume R;=40kQ and R;=60kQ. 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:
C, =C, assume C; =M xC,and C3 =N xC,

We know that R,=40kQ and R;=60kQ. Hence, R Rs = 10062 _ 5 o
Ry 40kQ.

C C 1000
|Avl3_stage = 1000 > () x (&) = 5 = 400 = M x N

Total capacitance excluding C;, is
=2C; +2C, +2C3+2C, =2x (M+N+2)xC,

Areax2x (M+N+2)xC,

400
2><(M+N+2)xCu:2x<M+7+2)xCu=f(M)

400

To minimize the total capacitance and area % =0 - 1- = 0

- Mgy = 20

> €1 =20C,and Gz =2

c,=20C,

(c) To locate the low-frequency limit and high-frequency limit, we need to analyze
the pole frequency at each relevant node to determine which one is dominant.
We need to calculate each of them one by one, as it's not always obvious just
from looking at the schematic.

In our example, we are told that the amplifier’s bandwidth is set by the first stage,

and C, = 400fF.
A
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C, = C, = 400 fF

1

= = 11 _
= X Tt < 400 x 10-15 — 3-98x 107" =0.398 TQ

R,

3. We will draw the drain current of an NMOS (Ip) as a function of Vg where Vg
varies from 0 — 3V.

o WSy = 3V, Viy = 07V, 1,Cox = 50 uA/V

(a) Saturation condition: Vpg > Vgg — Vo

3V > (0 —» 3V) — 0.7V, which means that the assumption is correct. The transistor is
in saturation.

The drain current equation for the saturation:

1 w ,
ID = E uncoxr (VGS - VTH)

1 HAY 50 , mA ,
ID ==X <50 W) X—X (VGS - 07) = ZSW(VGS - 07)

2 0.5

At Vgs = 3V > Ip = 13.225mA

Ip (inA)

13.225+

Vis (V)
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(b) If Vbs =1V,
e For Vags-V1H < Vs, the transistor is in the saturation region.

e For Ves-V1H > Vps, the transistor is in triode region.

Ves-0.7<1 —» Vgs <1.7 — Ip = same as before: I = %uncova—v(VGS — Vyg)?

Ves-0.7>1— Ves>1.7 —Ip = uncox¥ [(Vgs — Vru) Vps — %VSS]

Replacing Vps = 1 in the equation, we have: I, = (50 :—’:) X (%); X [(Vgs —0.7) — %]
ID(mA)
A
9l---————————
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>
ol o7 17 3 Vgs (V)




