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Aliasing: Time Domain vs.

Time Domain

Example: f;y = 900kHz falias =100kHz
/Slgnal applied to ADC / Alias digitized by ADC

AT
AN

| | | | | | | |
Time (ps), Sampling Rate 1Msps

3 4 5 6 7 8 9 10

Frequency Domain

Frequency Domain

falias =100kHz
Alias digitized by ADC fin = 900kHz

Signal applied to ADC

Signal

Alias folds back or mirrors to the passband
Any frequency > fs/2 will alias

Nyquist frequency = fs/2, the maximum input signal without aliasing.
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Nyquist Theorem, Sampling Frequency = 1Msps

Amplitude

Amplitude

A Nyquist frequency = 0.5MHz

Sampling Rate 1Msps

3V, 0.25MHz Analog Digitized
| \{ /nput Output
> ADC >

0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0 2.25 2.5 2.75 3.0 1V, 2 .6MHz
Frequency (MHz)
Mirror Image Each frequency multiple of
A sampling rate is a copy Nyquist Theorem:
: r A N The maximum frequency that
4 i 4 4 4 4 4 Continues infinitel can be applied to a sampled
: o0 o y system without aliasing is half
fi 4 ‘ 4 4 ‘ 4 4 ‘ the sampling frequency. This
T > maximum frequency is called
0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0 2.25 2.5 2.75 3.0 the Nqu|St fl‘equency.

Sampled Frequency (MHz)
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Eliminate redundant information

Mirror Image Each frequency multiple of

Above and below . .
sampling rate is a copy

A Nyquist Frequency A
o | : r N\
= A ; A A A A A
%_ + : Continues infinitely
£ | ' o0
< '
bt | o o i I
0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0 2.25 2.5 2.75 3.0
Sampled Frequency (MHz)
A \ Y /
= Redundant information
What we ‘ 2 |
normally display £ }
—

0.25 0.5
Sampled
Frequency (MHz)
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Anti-aliasing filter (f; = 1Msps)

~Amplitude (dBr)

Input Signal Anti-aliasing filter
0 0 _
0dBr )
2kHz Noise
20 -20dBr 20
700kHz < \
40 @ .40 -70dBr
G \700kHz
60 -60 {
80 s -80
1k 10k 100k 1M 1k 10k 100k 1M

Frequency (MHz)

Frequency (MHz)

Sampling frequency =fs = 1Msps

Input
Signal

Anti-aliasing
Filter

FFT
Output

Amplitude (dBr)

-100
-120

Amplitude (dBr)

-20
-40
-60
-80

Output Signal

-90dBr
700kHz

1k

10k 100k 1M

Frequency (MHz)

FFT Output

-90dBr
300kHz

t

10k 100k 500k

Frequency (MHz)
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SAR Anti-aliasing Filter Design

<
©

Gain (dB)

® o A 0N
S © o o
1

Anti-aliasing Filter

Rttt tataiete ; Charge SAR ADC
5 . L . Bucket Filter fsamp = IMSpS
E -~ T " E : fro_alias = D00kHz
' 5.52k 4.87k Co : B
L AMN  S— Y h ' R-10 ; RsH
{ c_ | — AN : AN N-Bit
: ™~ P .o ] Register
: N L b1 CelnI” Cey =
i 2" order Low Pass Active Filter & § S, =
f y 20-
c = 8.6kHz f. = 15.8MHz
m 0
. S
_ 5
© 20+ :
1 Anti-aliasing Filter Response Charge Bucket Filter Response
10.0 100.0 1.0k 10.0k 1000k | 1.0M 10.0k 100.0 1.0M 10.0M 1000M  1.0G
Frequency (Hz) ,_» Frequency (Hz)

Alias for f >500kHz

Alias for f >500kHz

wi# TEXAS INSTRUMENTS



What’s the “Charge Bucket” for?

= <

Capacitor Charging Kickback PRIPEARMQERBRALE |

Sampling Signal

oot oo
Source ' ' : ' ' T ; ; ; : ;

Impedance Vi

= e e e e g — i |

1+

Chi 1.00V  M5.00us Chda~x 1.2V
5.00 V

2
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Thanks for your time!
Please try the quiz.



v T

-

Quiz: Aliasing and Anti- allasmg“ﬁ x i
TIPL 4304 s S SN
Tl Precision Labs — ADCs -_ \/-__‘;;~:_- Toas | ARESE

v - A
s S5~ ¢ = > 4 b o L”_-ﬁ : ~

- (1. = = - o = : 5. ey --~::..

= o4 - "y D - .’- -
e o | = j\
Created by Art Kay e, BAm = =
. "‘,‘ ( PO = ‘= oo
— € 2 zf\'i"

wi» TEXAS INSTRUMENTS = 1



Quiz: Aliasing and Anti-aliasing Filters
1. How do you determine Nyquist frequency?
a) lItis equal to the sampling rate of the data converter.
b) Itis equal to twice the sampling rate of the converter.

c) Itis equal to half the sampling rate of the converter.
d) It depends on the anti-aliasing filter.

2. Applying an input signal that exceeds the Nyquist frequency will
a) Cause an erroneous “alias” signal to be measured by the ADC.
b) Cause damage to the ADC.
c) Introduce significant distortion in the signal.
d) Cause a dramatic reduction in SNR.
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Quiz: Aliasing and Anti-aliasing Filters
3. A data converter has a sampling rate of 1IMHz. The input amplifier has a second order low pass
filter with a cutoff frequency of 1MHz. What is a potential issue?
a) No problem, this configuration will work well for antialiasing.
b) Any input form 500kHz to 1IMHz will not be attenuated at all and will produce aliases.
c) A second order filter will not work for antialiasing.
d) A band pass filter is required for antialiasing.

4. A data converter has a sampling rate of 1MHz. A 900kHz input signal is applied. What frequency
will show up in the FFT?

a) 100kHz.
b) 400kHz.
c) 500kHz

d) No result will be displayed as this exceeds the Nyquist frequency.
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Quiz: Aliasing and Anti-aliasing Filters

4. Design an anti aliasing filter for a data converter with a 1Msps sampling rate. The desired
iInput signal range is 0 to 100kHz. The filter must attenuate all alias input signals by at least
40dB. Use FilterPro or Filter Designer to design the circuit.

Below is a link to FilterPro. This is a downloadable active filter design tool that helps design op
amp active filters.

https://e2e.ti.com/support/amplifiers/precision amplifiers/w/design notes/3076.filterpro-v3-1

Below is a link to Filter Designer. This is an on-line active filter design tool that helps design op
amp active filters

http://www.tl.com/design-tools/signal-chain-design/webench-
filters.html?keyMatch=filter%2520designer&tisearch=Search-EN-Everything
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. VN 4

wi3 TEXAS INSTRUMENTS = 5




Quiz: Aliasing and Anti-aliasing Filters
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Quiz: Aliasing and Anti-aliasing Filters
3. A data converter has a sampling rate of 1IMHz. The input amplifier has a second order low pass
filter with a cutoff frequency of 1MHz. What is a potential issue?
a) No problem, this configuration will work well for antialiasing.
b) Any input form 500kHz to 1MHz will not be attenuated at all and will produce aliases.
c) A second order filter will not work for antialiasing.
d) A band pass filter is required for antialiasing.

4. A data converter has a sampling rate of 1MHz. A 900kHz input signal is applied. What frequency
will show up in the FFT?

a) 100kHz.
b) 400kHz.
c) 500kHz
d) No result will be displayed as this exceeds the Nyquist frequency.
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Quiz: Aliasing and Anti-aliasing Filters

4. Design an anti aliasing filter for a data converter with a 1Msps sampling rate. The desired
iInput signal range is 0 to 100kHz. The filter must attenuate all alias input signals by at least
40dB. Use FilterPro or Filter Designer to design the circuit.

/Asimple graphical method can \
be used to estimate the filter
order if you don’t use a filter

-20 7

-60dB/decade = at least 3" order.
Note that a filter designer package will give
better results as the graphical method uses

a straight line approximation.

design package. You will see In
the next few slides that FilterPro

will give more accurate and
\detailed results. /

-40 -

-60 -

-80 -

-100

"""""""""""" Cutofffrequency ||| '\ ||| | _ -40dBat 500kHz
> at 100kHz
! -60dB after one
AN W A ‘%( decade
“

A I S S|

)

.

.
I I I I I I ‘. 1

1 10 100 1k 10k 100k 1M 10M
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Quiz: Aliasing and Anti-aliasing Filters

4. Design an anti aliasing filter for a data converter with a 1Msps sampling rate. The desired

iInput signal range is 0 to 100kHz. The filter must attenuate all alias input signals by at least

40dB. Use FilterPro or Filter Designer to design the circuit.

(= Lowpass

" Highpass

Passband

.............................

............ I Passband ripple
b

" Bandpass

(" Bandstop / Notch

" Allpass (Time Delay)

Magnitude

Stopband
attenuation

Stopband

Frequency

A Lowpass filter allows Jow frequency signals to pass through
and attenuates those er than the cutoff frequency.

(

.

1. Using FilterPro we can select
low pass filter.

Step 2: Filter Specifications

Please enter filter specifications:

Gain (A9): 1 wvlo dB
Passband Frequency (/2): W Hz
Allowable Passband Ripple (Ro): 1_ dB
Stopband Frequency (75): W Hz
Stopband Attenuation (As5): T dB

-
2. Using FilterPro we can enter the
passband frequency, stopband

\frequency and stopband attenuation. )

\
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Quiz: Aliasing and Anti-aliasing Filters

4 (continued) Using filter Pro.

' Response Type ' Order | No.of Stages | Max. Q

Step 4: Filter Topology

Please select a filter topology:

3. Next, using FilterPro we can select
the filter type. Bessel is a very
common filter type used for
\antialiasing )

" Multiple-Feedback | |
I

(Single ended)
@ Saliénkey o
" Multiple-Feedback Vin R1 R2 PAMP
(Fully differential) * +
C1 -
—AMN——
R4
T § R3
4 _ _ N
4. Next, using FilterPro we can select
the topology. Sallen-Key works for
non-inverting topology.
% g topology y

Vout
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Quiz: Aliasing and Anti-aliasing Filters

IR Fiterpro Desktop - - Untitled * - |EI|1|
File Edit Help
. ~ ]
NVSE®,
» B=] o —
I [ | Schematic — Data g_: BOM Comments = | Design Report
Name: Lowpass, Sallen Key, Bessel Part: Ideal Opamp Order: 4 Number Of Stages: 2
Gain: 1 V/V ( 0dB) Allowable PassBand Ripple: 1 dB Passband Frequency: 100 kHz Corner Frequency Attenuation: -3 dB
Stopband Attenuation: -40 dB Stopband Frequency: 500 kHz
@ | Reset Component Tolerances - Resistors | E192: 0.5% or lower ﬂ Capacitors |E24: 5% 'I
c2 Cc2
| | |
: M) |
: 110pF 270pF
R1 R2 OpAmp R1 R2 OpAmp
ﬂ A— + v NA— + Vout
5 9.65KQ 11.8KQ 499K 7.41KQ n
vin _ _ —
C1 ——100pF C1 ——100pF
s I
= | - =
g ;Filter Stage: 1 Filter Stage: 2
:Passband Gain(Ao): 1 Passband Gain(Ac): 1
tutoﬁ Frequency(fn): 141.9 kHz Cutoff Frequency(fn): 159.1 kHz
;QualityFactor Q) 0.52 QualityFactor (Q): 0.81
(> @
E :—ZUU i
0 E ~~~ Actual Gain (dB) 2 »33_3 ~~ Actual Group Delay (uSec) |
E Actual Ph d E D T
-40-3 < AcualPhase (0e0) [ £ 10 5 B 2
— 3 o 5 3 5
C I N
T g0 2 &
£ 3 =183
g E ]
(9 -120— o E
3 Q| S1
E o
-160 E - ] _E
,,,,, ; F 0_:
=200~ —rrrerm T e T
lel le2 1e3 led 1e5 let 1le7 led led lel le2 le3 led leb 1e6 le7 1e
Frequency (Hz) Frequency (Hz)

v: 3.1.0.23446

-
4. Finally, FilterPro provides the

active filter component selection that

U Texas Instruments

kwill meet your requirements.
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Quiz: Aliasing and Anti-aliasing Filters

The final filter can be verified using
simulation in TINA.

A
x: [ 100k V:-3.098179 |
B
X |5c|m< |1.r:|-42.122¢51 |
R3 965K :#.—El :
kT RE 5 26k w -400K y. 39.024282
Af
l-.-. & _ = ")
C1 100p ;= Honame - AC Ampli2 [ =l s
} C|3|1EII:Ip Fie Edit View Process Help
1
a b + +
RIS B @ df|b&[ve alg i ¢ ? o~ oK%~
Mlal .

RS 312k 10P2 A n
A - Wout 0.00
)

s

i} ?
2
gE
| £l

At
o
+ o
VG

L o
. =
£ -72.894
L]
U]
AR
Ant-alnasin _ActiveFiterTSC _145F8 T T IIIIIII T T IIIIIII T T IIIIII. T T IIIIIII T T IIIIIII
9 - 100.00 1.00k 10.00k 100.00k 1.00M 10.00M
Frequency (Hz)
AC Amplii AC Ampli2 |
(297.00k,2.67) X441 Yibl 4
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