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TFE4188 - Lecture 4

Analog frontend and filters
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The behavior of particles is written in the 
mathematics of quantum mechanics

Probability amplitude of a particle

Time evolution of the energy of a particle2

Relates the average number of fermions in thermal equlilibrium to the
energy of a single-particle state3 

3 Fermi-Dirac statistics

2 Schrödinger equation
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MN1

MP1

Vin Vout

The world is analog and is written in the 
mathematics of calculus 1 

 
Relates net electric flux to net enclosed electric charge

Relates net magnetic flux to net enclosed magnetic charge

Relates induced electric field to changing magnetic flux

Relates induced magnetic field to changing electric flux and to current

1 Maxwell's equations
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https://en.wikipedia.org/wiki/Maxwell%27s_equations


The abstract digital world is written in the 
mathematics of boolean algebra4

, 

A B NOT(A AND B)

0 0 1
0 1 1
1 0 1
1 1 0

All digital processing can be made with 
the NOT(A AND B) function!

4 Boolean algebra
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https://en.wikipedia.org/wiki/Boolean_algebra


People that make 
digital circuits can 
easily reuse the 
work of others
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People that make 
analog circuits can 
learn from others, 
but need to deal 

with the real world 
on their own
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Should we do as much as possible in the abstract digital world?

Carsten Wulff 2024 8












































































































Why

Sensor AFE Abc
Bits

Sensor AFE Abc

Sensor RFE AFE ADC

Amplification




Frequency selectivity




Domain transfer

discrete time?




Discrete value 
(Quantization)
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What Power [dBm] Voltage [V]

Blocker -30 7 m

Wanted -90 7 u

Resolution Wanted/255 = 28 n
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Whoop battery is 205mAh at 3.8 V

Nordic Inside
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https://fccid.io/2AJ2X-WS30/Internal-Photos/Internal-Photos-4265037.pdf
https://www.nordicsemi.com/Nordic-news/2022/07/the-whoop-4-uses-nordics-nrf52840-soc











































































































Why

Sensor AFE Abc
Bits

Sensor AFE Abc

Sensor RFE AFE ADC

Amplification




Frequency selectivity




Domain transfer

discrete time?




Discrete value 
(Quantization)
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You must know application before you make the AFE!
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Filters
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A combination of 1'st and 2'nd order stages can synthesize any order filter
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Vi Ys Vo

Second order

a

MÉE

K2 S

W

wo Q

Vi ko wo Vo

k

Kas

First order filter

1. any line with a coefficient is a multiplier

2. any box output is a multiplication of the 
coefficient and the input 

3. any sum, well, sum all inputs

4. be aware of gremlins (a sudden -+ 
swap)
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Wo

Vi ko V0

Ks

Second order

V25

Wo

WoQ

Vi kowo wo V0

has

Second order filter

Bi-quadratic is a general purpose second 
order filter.
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How do we implement the filter sections?
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Gm-C
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Design Considerations

5.3.2 Transconductor

The main objective for the design of the transconductor used in the
Gm-C integrators of figure 5.5 is to utilize the relaxed requirements on
noise and linearity for reduced power consumption. The maximum input
magnitude processed by a certain transconductor, which depends on the
unity gain of the preceding integrator and the control period T , is in
this thesis considered a design variable. Power demanding linearization
techniques could then be avoided by co-optimizing the transconductors
inherent linearity and the state boundary bx.

The schematic for the transconductor considered in this thesis is given in
figure 5.16. Spectre netlist and some additional design details are given
in appendix F and a summary of some key performance metrics is listed
in table 5.3.

M1a M1b

Mbn1

M2a M2b

M3a M3b

Vss

Vbn

Vdd Vdd

v+i v�i

Vdd

Vcmfb

i+oi�o

Figure 5.16: Transconductor schematic

The transconductor comprises a single di↵erential pair (M1) with an ac-
tive load (M3). The cascode/common-gate transistors, M2, are included
to limit the Miller-e↵ect on the gate-drain capacitor Cgd1 of the input
transistors. The transconductor achieves a DC-gain of about 150. In
the absence of M2, Cgd1 would have been boosted from about 200aF to
more than 20fF, thereby becoming a dominating capacitor at the floating
gate node. The DC-gain, and thereby the gate-drain capacitance, follow

72
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Active-RC
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VI
Vo

The OTA is not ideal

 

 where  is the gain of the amplifier, and 
 is the unity-gain frequency.
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A 56 mW Continuous-Time Quadrature Cascaded Sigma-Delta Modulator With 77 dB DR in a Near Zero-IF
20 MHz Band
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https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4381437
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4381437


My favorite OTA
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1

Von Vop
VCOUT VCREF
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https://github.com/wulffern/cnr_ota_sky130nm


Thanks!
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