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SNR of Amplifier + ADC: General Equations

§|\_/
V
REF6050 Y 3V / \
5.0V vV
Reference ?: 22}.“: SNRADC = 20 - 10g< F;R_rms> Solve for noise
— Vref AVDD DVDD nADC
= — Input Range = 0 to Vref
Resolution = 16 bit Voape = Vesr rms From ADC data
ADC LSB = Vref/2'® = 76.29pV " 10(F34ES) sheet
N-Bit Vo = J(VnADC)Z + (VnAmp) + (Vnger)? Total RMS Noise
Register
V
_ SNR;ptq = 20 - 1og< Fif-;’"s) ADC+Amp+Ref
n
AD8886O AGND DGND \ /

wi3 TEXAS INSTRUMENTS = 2



Find the REF6050 Noise
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Fle Edit Insert View | Analysis Interactive T&M Tools Help
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Need valid dc operating point for
noise simulation!

220
Voutnc = 11 x 0.1V =1.1V

Enrms = 128.8uV rms

Enpp = 6-128.84V rms = 773puVpp

- — 22Q)

For more information: http://www.ti.com/precisionlabs
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SNR of Amplifier + ADC: Example Calculation
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Reference VESR rms = Vrsrpk + 0.707
— Vref AVDD DVDD Vgsr rms = 0.5 - FSR - 0.707
- Input Range = 0 to Vref =05-5V-0.707 = 1.767V
1kQ  10kO OV to Resolution = 16 bit
ADC LSB = Vref/2'® = 76.29pVv v _ Vesrams _ L7677V 39,6V
nADC — SNRapc\ 53dpy — °2-ouV rms
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ReQISter VnT — \/(VnADC)z + (VnAmp) + (VnRef)z
= /(36.9uV)2 + (128.8uV)? + (6.3uV)2= 134uV rms
SNR 20 -1 (VFSR”“S> 20 -1 (1'767v) 82.4 dB
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Signal Chain Noise: Analog Engineer’s Calculator

43 Main _Pocket_Reference_Calculator.vi

Select the Calculator

Converters
ADC SAR. Drive

ADC + Signal Chain Noise|
ADC ENOB & Effective Bits
Ideal Converter
Conversions

Amplifier
Single Supply Amp

INA Vom + Dif Fiter
Find Amplifier Gain
Passive
Moise
Stability
PCB
Sensor

Find Amplifier Gain 3 Resistors

Calculator

Converter Input
Signal Chain
Noise

; 128.80  Vrms

SNR Input
82.75

1. Enter the total rms noise
from the signal chain.

Ful Scale Range

v

OK
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Converter Output

Total_Noise
134.7u

ADC Noise
39.57u

WV rms

V rms

Combined SNR

82.36

2. Enter the noise from the
ADC data sheet.

http://www.ti.com/tool/analog-engineer-calc

dB

3. Press “ok” and the total
noise is displayed here.
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SNR of Amplifier + ADC: Measured Result

File Debug Capture Teels Help FSR 5V
[¥] Connect to Hardware — —_ —
LSB = —5- = o35 = 76.29uV
£ Time Domain D_ispla],-' . .
S ERSRRR Histogram Analysis
g Hgf?e?gnwc:nsagﬁiir?g Analysis K Scale futo moge E ﬂﬂ@l Histogram lﬁ
65000 -
60000- Virmeas = Oadc * LSB = 1.78 - 76.29uV = 136uV rms
55000-
Interface Configuration 50000 -
45000 -
DeviceMoées . 40000 . .
S Wi inEusy_[=] 3500 v, = 134uV rms from the previous slide
8 nTCalc
Protocol Selected * 30000~
SPI_3_Wire_WithBusy 25000-
20000 -
SCLK Frequency(Hz) 15000~
Target Achievable 10000-
BEM 5 G6.00M 5000
0-i [l [l [l [l [l 1 1 1 1 ] ] ] [l [l 1 1 1 1 [l [l [l [l [
Sampling Rate(sps) 14307 14308 14309 14310 14311 14312 14313 14314 14315 14316 14317 143(]:.:]‘1]:5319 14320 14321 14322 14323 14324 14325 14326 14327 14328 14329 14330
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1.00M = 1.00M S . .
— Mean igma rms noise is
Hean Sigma 14318.90 1.78 :
T 75 one sigma
Min Code Max Code Min Code
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18
Code spread
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Averaging to Reduce Noise

Measured vs. Calculated Averaging

Standard Deviation
. . Raw Data 1.80 na
Noise vs. Averaging Standard Deviation
AR 10 x Averaging 0.59 0.57
Standard Deviation
Kz 100 x Averaging 0.18 0.18
14322
(D
T 14320
et V — ﬁ
‘é 14318 == Raw Data nAvg — \/N
S 14316 w10 x Averaging
° 14314 , Where
a1 = 10DxAveraging V7. is the RMS noise
N is the number of averages
14310 Vnavg IS the RMS noise after averaging
0 1000 2000 3000 4000 5000
|4 1.8 codes
Number of Samples Vaavg = no_ — 057 codes
VN 10

Y Y
\SNRW =20 -log (V /i/ﬁ) =20 -log (7;) +10 - log(N)/
n
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Thanks for your time!
Please try the quiz.



Quiz: Calculating the total *
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Quiz: Calculating the total noise for ADC systems

1. The histogram below was measured with a data converter:
a) What is the RMS noise voltage?
b) Assume the output is averaged using a 8 point rolling average. What is the averaged noise?

ADC Noise Measurement

400

350 4 I
;gg FSR = +5V
‘§' 200 Resolution = 18
© 138 I 1 Standard Deviation=0 = 2.25 codes
50 Mean = 29558.4
YD MO 0N DO QO NDNADA DX H oA (o)
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Quiz: Calculating the total noise for ADC systems

2. For the attached Excel file:
a) Graph the raw data, 8 point rolling average, and 128 point rolling average.
b) Calculate RMS noise in codes.
c) Calculate RMS noise in volts. Assume FSR = £5V and resolution is 18 bits.
d) Compare theoretical to measured averaging.

~ ™

Click on this embedded file,
for the Excel file used for
\this problem.

v

o
i

Microsoft Excel
W orksheet
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Quiz: Calculating the total noise for ADC systems

3. For the circuit below.
a) Find the total RMS amplifier noise.

b) Find the total RMS reference noise.
5.5V

c) Calculate the total ADC Noise in microvolts RMS. T U3 22uF
d) Find the total RMS system noise. 0.1UF REF6050

VREF/2 Cfl 1n
2.5V

Il

I Vref AVDD DVDD
Rgl 1k Rf1 1k Rfil1 2.2
AN AN —AAN——+

Vs
Ul THS4551
il U2
Cfil 10n—
ADS8881
T Vs ]
Rfil2 2.2
AN AN AMA——
. Rg2 1k Rf2 1k \ AGND 5GND

Vin @ Cf2 1n
2.5 | |

1 —= \V
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Quiz: Calculating the total noise for ADC systems

1. The histogram below was measured with a data converter:
a) What is the RMS noise voltage? ANS: 85.83uV rms
b) Assume the output is averaged using a 8 point rolling average. What is the averaged noise?

ANS: 30.35pV

4 )
FSR = 15V

Resolution = 18
Standard Deviation=c = 2.25 codes

Mean = 29558 .4
g J

/RI\/IS Noise Voltage

FSR 2.5V
L3B = =5 = s
V,, = LSB -0 = (38.15uV) - (2.25) = 85.83uV rms
Output With 8 point rolling average

V, 8583w/

= 38.15uV

= 30.35uV

("’“’g N V8

~

/
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Quiz: Calculating the total noise for ADC systems

2. For the attached Excel file:
a) Graph the raw data, 8 point rolling average, and 128 point rolling average.

Codes

9570
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9552
9550

Noise vs. Averaging
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Microsoft Excel
Worksheet
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This graph shows the raw data and the
_—| effect of averaging (8x and 128x).
\ J
e raW code é . . . )
Click on this embedded file,
—QVE X 8 .
avgx 128 for the Excel file used for
Jhis problem.



Quiz: Calculating the total noise for ADC systems

2. For the attached Excel file:
b) Calculate RMS noise in codes.
c) Calculate RMS noise in volts. Assume FSR = £5V and resolution is 18 bits.
d) Compare theoretical to measured averaging.

@d Measured Stdev \ Number |Measured | Theoretical | Stdev in Volts
Averages | Stdev Stdev (measured)

In Excel use “=AVERAGE()” and select

the appropriate number of samples. -ha- 2.228431 -na- 84.97uV

Find Theoretical Stdev 8 0.82137 0.787872 31.32uV

Ocoderaw 2.2284 16 0.355782 0.196968 13.57uVv

OcodeAvg = N = NG = (0.7878 1‘

Find Stdev in Volts /Comparing measured vs. theoretical you can see
10V that the measured averaging is not as effective as

LSB = o1 = 38.14uV theory predicted. This is not an uncommon result

and is related to fact that the signal is not fully

Tpoits = LSB * Ocoges = (38.14pV') - (2.228) Gaussian; e.g. the signal has some drift with
Oyoles = 84.97UV rms temperature and time. Also, the maximum

Qeduction of noise is limited by the ADC resolution. /8




Quiz: Calculating the total noise for ADC systems

3. For the circuit below.

a) Find the total RMS amplifier noise.

le Edit Insert View

s|@la|=] Bl
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Jasic | Switches eters

Analysis T&M Tools TI Utiities Help
ERC... H e @[roov +] 14
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Fourier Anahysis »
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My My
RgZ 1k Rf2 1k
t Cf2 1n
WiE12.5 I I

\
Check nodal voltages to
make sure you are in the
linear range.
\_ Y,

"u"lf1 2501V

VREF/2 Gt
T [
Ral 1k Rf1 1k Rl 7 2
’\g’\f’& TAVLY "‘a-"l‘-a"‘u-
Mg
U1 THS4551
~ RS 10 3
Voom + Chl10n —
R9 10
=
° Rfil2 2.2
ATATLY

+
—  XVMM1 92.676uV

"u"IfE 2501V

AL
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(Click on this A
Imbedded file, for
the TINA file used

\for this problem. )
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Quiz: Calculating the total noise for ADC systems

3. For the circuit below.

a) Find the total RMS amplifier noise.

Fie Edit Insert View
| @] 2[5
i RIFIEIEE

Basic | Switches hdeter:

x
Analysis T&M Tools TI Utilities

Sl F Start frequency [Hz] v .8

Mode...

Select Control Object : End frequency [Hz] X Cancel

£ —
Set Analysis Parameters... .
Blumber of points I ?  Help

DC Analysis *

AC Analysis v S/M Signal Amplitude |1

Transient... .

Diagrams
Steady State Solver...
Fourier Analysis » [v Output MNoise [v" Total Moise
I [ Input Moise [ Signalto Moise
QOptions...

/

Run “Noise Analysis”. This
IS a wide bandwidth amplifier
so use 1GHz end frequency.
Select “Output Noise” and
\*Total Noise” Diagrams.

-
Integrated noise

converges to

J

9.6uV rms.
\_

Output noise (V/HzY%)

100.00n-
10.00n—
1.00n—;
100.00p—;
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1.00p—
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1
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Quiz: Calculating the total noise for ADC systems

3. For the circuit below:

. . 1.00u—
b) Find the total RMS reference noise E
& |
- :';:‘100 OOn—
Use the same method as the 1 —> 8 ]
amplifier to test dc operation, 5 10.00n-
and simulate noise. ° ]

1.00n —————] — ]
VREF 1.00 1.00k 1.00MEG
U1 REF6050 Yy Frequency (Hz)

VIN OUT_F |
OUT_S :

REF6050

R
VG155 1 100n GND_S e 7.00u—
FILT GND_F — C422u ]
6.00u—

ROIMER —~ o1 1 L S 5.00u]
$ 4.00u-
S ]
< ]
a ~\ 5 3.00u-
(@]

Integrated noise 00u-
Click on this KD converges to
. oo L L L
embedded file REF6050 Noise. TSC \6'3UV rms. ) o L ook L OOMEG

Frequency (Hz)

wi3 TEXAS INSTRUMENTS = 11



Quiz: Calculating the total noise for ADC systems

3. For the circuit below.

c) Calculate the total ADC Noise in microvolts RMS. From calculator 35.35uV rms
d) Find the total RMS system noise. From calculator 37.17uV rms

Voltage Analog Engineer’s Calculator:
Reference http://www.ti.com/tool/analog-
e engineer-calc
Converter Input Converter Output
i S vims Vesg rms 10V +0.5-0.707

o 9.6 V rms ,;F;Jgscah Ra‘:ge ADC Noise VAD cC — SNR = 100
o 35.35u V rms —— N
ADC SNR 10 20 10 20
SNR Input \ j 100 d8 Combined SNR — 35.3 S,UV rms
111.3 dB 99.56 dB

Viotar =+ (9.6uV)2 + (6.3uV)?2 + (35.3uV)?
= 37.2uV

OK Help
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