NX-422 EXERCISE 3 - Implantable Electronics
Solutions

1. Let’s check the details of the three-stage neural amplifier.
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(a) The equation for the overall mid-band gain:
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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,

Ri+R3 _ 100kQ

We know that R;=40kQ2 and R;=60kQ. Hence, R, - a0k 2.5.
|Ayl3-stage = 1000 — (2—:) X (z—i) =22 =400=MxN

Total capacitance excluding C;, is

=2C; +2C, +2C3 +2C, =2x (M+N+2) xC,

Areax2x (M+N+2)xC,
2><(M+N+2)xCu:2x<M+41:l;O+2)xCu=f(M)

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

- Mgy = 20

> €1 =20C, and C; = 2 C,, = 20C,



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

1

= =1H
2xmXxR, xC, z

f

C, = C, = 400 fF
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R, =3.98 x 1011
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2. We will draw the drain current of an NMOS (Ip) as a function of V;5 where Vg
varies from 0 - 3V.

o WSy =3V, Vpy =07V, tyCox = 50 iA/V2 and A = 0.

Saturation condition: Vpg > Vgs — Vi

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

The drain current equation for the saturation (A = 0):
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3. (a) Common-Gate Amplifier Small-Signal Model:
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(b) Cascode Amplifier Small-Signal Model:
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V2 = (Gm2V2 — gm1V1) X Rp

Vo X (GmaRp + 1) = gmiVi X Rp
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