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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

U(z,t) = A’ (kz—wt)

Probability amplitude of a particle

1 h 0° h 0

oIm ;2 32w¢(w,t) + U(z)Y(z,t) = _;Ew(mat)

Time evolution of the energy of a particle?

Ny, e(Ep_/"')/kT _|_ ]_

fn,_p - e(En—u) /KT +1

Relates the average number of fermions in thermal equililibrium to the
energy of a single-particle state®

2Schrodinger equation

3 Fermi-Dirac statistics
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The world is analog and is written in the
mathematics of calculus

$ Boas—— [[[ peav
o0 €0 1

Relates net electric flux to net enclosed electric charge

7{ B-dS=0
o0

Relates net magnetic flux to net enclosed magnetic charge

]{ E.dzz—i//B.ds
% dt JJs

Relates induced electric field to changing magnetic flux

]{ B dl = puy (//J-dS—I—eoi//E-dS)
0x 3 dt N

Relates induced magnetic field to changing electric flux and to current

! Maxwell's equations


https://en.wikipedia.org/wiki/Maxwell%27s_equations

The abstract digital world is written in the
mathematics of boolean algebra®

1 = True, 0 = False

A B NOT(A AND B)
0 0 1

0 1 1

1 0 T

1 1 0

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

*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




Should we do as much as possible in the abstract digital world?
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Amplification
Frequency selectivity

Domain transfer

ANOC

discrete time?

Discrete value
(Quantization)

B

{

ts



What Power [dBm] Voltage [V]
Blocker -30 7m

Wanted -90 7 U

Resolution Wanted/255 = 28 n
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ADC resolution = In rmV

28 nV

/In2 =~ 18 bits
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P

FOM = 2ENOBfS

P =1fJ/step x 2'®* x 5GHz = 1.31 W

Whoop battery is 206mAh at 3.8 V

Hours — — 200 mAR 000
- 1.32W/38V

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

ARFE




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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» Vo

First order filter

. any line with a coefficient is a multiplier

. any box output is a multiplication of the

coefficient and the input

. any sum, well, sum all inputs

. be aware of gremlins (a sudden -+

swap)

V;,(S) B kls + ko

H(s) = Vi(s) s + w,
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Second order filter

Bi-quadratic is a general purpose second
order filter.

B k232 + k15 + kg

wo 2

H(S) 2 | |
S° Q8|w0
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How do we implement the filter sections?
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o k‘ls—l-ko

H(s) = 22
S w
Vo) ’
_l__ — J— CA _ S Cx | G'm,l
= N H(S) — Ca"'Cm | Ca_I'Ca:
i = | Gm2
— S [ Ca—|—0m
C(o —
L=
cL=
iz =
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2
H(s) = kos* + k1s + ko |
32 | wo s - w2 —— |Gwg

Q 0 lce |

82 CX | S Gm5 | Gm2Gm4 S

H(s) = — @08 " “CxiCp " Cy(Cx+Cy) /| 2x
82 | S Gm2 | Gmle2 ‘ / I
- “Cx+Cp  Cu(Cx+Cp) +0—L+ + +

| | 0%

Carsten Wulff 2024

24



Carsten Wulff 2024

Figure 5.16: Transconductor schematic
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General purpose first order
filter

- kls—l-ko

S + w,

H(s)

Gig G

_ G Cy
H(s) = - %
2
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General purpose biguad

B k282 + k18 + kg

H(s)
s2 4 “33 - w2
ﬂ 2 Gy | G1Gs
H(s) = [CBS K (CACB)]
2 1 G5 o1 GsGy
' Cp ' C4Cp
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The OTA is not ideal

Ap
(14 sA,RC)(1 +

H(s) =~

> )
Wiq

where A, is the gain of the amplifier, and
wy, 1S the unity-gain frequency.

Vo
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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

N\
DAC2i 2
|/

Vpi =—A\/\,/

Vmi0ﬂ7\1/‘

253

Rfb1

Rfb1

Rfb3

Rfb3

53

/ .
{ DACSi
N

Vpq =—A/\/
qu'—5\1/‘
- LY G
1 cff1 cz [ 5
(|
<
ﬂ_ﬁ *1

sigma-delta modulator design.
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Fig. 9. NTF and STF of first stage.
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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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CNR_OTA_SKY130NM
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https://github.com/wulffern/cnr_ota_sky130nm
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