NX-422 Exercise 4, Implantable Electronics - Solutions

1. Small-Signal Model :
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2. Common-Gate Amplifier Small-Signal Model:
G D
-r0—+ Vout
= v, 8mV1 Ro

Ves = Vi = Vi
Vout = _gmvl X RD
Vout = —8m X (_Vin) X RD

Vout
Vin

Ay = =8m X Rp



3. The Nyquist rate is the minimum sampling frequency required to accurately convert a
continuous analog signal into a discrete digital signal, allowing for perfect reconstruction of
the original signal without distortion.

fn=2fmax
The Nyquist rate for AP recording = 2 x 10k = 20 k Sample/s
Total Power Budget < 120 uW for a single channel
120 uW = 7.6 W + 2 uW + 20kS/s x 10bit x 3nJ/bit x (1/data reduction factor)
-> data reduction factor (compression ratio=CR) > 5.4

Note: If DSP were consuming power, we need to include the power consumption as we did
for AFE and ADC. We need to check if the power consumption is given per channel or for the
overall system.

4. Since the OTA has a large gain, we can assume the negative input of the OTA is also ground
(the voltage difference between positive and negative inputs is negligible: Vout/(large gain).

From the KCL: I; + Ic; + Ig; = 0 no current flows into the input Gy,.
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