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ADC Specs

» Signal-to-Noise Ratio (SNR)
SNR is the ratio of the RMS value of the actual input signal to the RMS sum of all other

spectral

components below the Nyquist frequency, excluding harmonics and dc. The value for
SNR is

expressed in dB. SNR =20 * log (Signal RMS / Noise and Spurious RMS)

» Signal-to-Noise and Distortion (SINAD)

SINAD is the ratio of the RMS value of the actual input signal to the RMS sum of all other

Spectral components below the Nyquist frequency, including harmonics but excluding
dc.

SINAD = 20 * log (Signal RMS / Noise and Spurious RMS)

e Total Harmonic Distortion (THD)

THD is the ratio of the RMS summation of the first five harmonic components (HD2 to
HD6

to the RMS value of a full-scale input signal. The value for THD is expressed in dB.
THD = 20 * log (sqrt(HD272 + HD3/2...) / Signal RMS)
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ADC Specs

SINAD-1.761
6.0206

ENOB=

What does this mean?!




* |deal Quantization Noise

— Quantization of a continuous signal to discrete
values looses up to +/- /2 LSB of information.

— Quantization Error = Original Signal — Quantized
Signal

— Quantization Error for a large input signal (many
LSBs) is a Saw tooth waveform with an RMS value
of sqrt(2/3) of an LSB

SNR=1.761+6.0206Q

SNR=20- LOG\E +20-.LOG2Q)
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noise” [3
S0
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(dB)
SNR
49.926
55.946
61.967
67.988
74.008
80.029
86.049
92.070
98.091
104.111
110.132
116.152
122173
128.194
134.214
140.235
146.255
152.276
158.297

ADC Specs

Resolution

(Vrms)
Noise
3.189E-03
1.595E-03
7.974E-04
3.987E-04
1.993E-04
9.967E-05
4.983E-05
2.492E-05
1.246E-05
6.229E-06
3.115E-06
1.557E-06
7.787E-07
3.893E-07
1.947E-07
9.733E-08
4.867E-08
2.433E-08
1.217E-08
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Effective Number of Bits (ENOB)
Effective Number of Bits is the useable
resolution

of a converter compared to the quantization
noise
of an ideal converter:
ENOB:SINAD—l.?Gl

6.0206

2

ENOB-=log, ('35

2

s+ Distorti 3
Noise+ DIStOI’tIOI’iZZ(ET3

(dB)
SINAD
50.000
56.000
62.000
68.000
74.000
80.000
86.000
92.000
98.000

104.000
110.000
116.000
122.000

ADC Specs

(Vrms)

Noise+Distortion

3.162E-03
1.585E-03
7.943E-04
3.981E-04
1.995E-04
1.000E-04
5.012E-05
2.512E-05
1.259E-05
6.310E-06
3.162E-06
1.585E-06
7.943E-07

Effective
Resolution
8.012
9.009
10.005
11.002
11.999
12.995
13.992
14.988
15.985
16.982
17.978
18.975
19.971
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ADC Spec Calculations

. Excel Workbook for ENOB Calculation
- rilename: ldeal Quantization Noise.xls
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ADC Spec Calculations

Sample

= -




dbVrms

ADC Spec Calculations

Magnitude FFT
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Calculations

Sample Size Lime Dara| 01¢
si3 0383973 E Enter Value 10 Shaded Cells
| 0.736624| A 7.04328E-06|Vrms Type CTRL+"1" to update the FFT
Cocles | 10504350 0 0060003
23 1376437 1.278434) 0000004 | -0.000013 SNR
| T300252|  1306255]  DAKIODO3| -0.0DO0NE 1000000 Vi [Signal
(V) 1403604 1.402378] 0.000026)  0.000002 0.000010/Vrms Toise
Doz [ 1209834 1. 209523/ 0.000010] -0.000007 100.0/40
0.000010 1053199 TO03102] D OR0U03| -0 000020
| 0.300066)  0.500066]  0.000000] -0.000017 SINAD SINAD
Vi) | 04+3000] 0433015 0.00000% 1.000000] Vs |[Sugnal 1.000000] Vrms
Amplitude | 0.052071] 0052053 D.000018| 0, 0000013 [Vims__|Nowse and Dastortion 0000013 Vims
1.000000 0343509 0343626 0000027 97.7]4R 07.5[dR
| -0.712102] -0.712111 0.000000
sy | LIS, LMD LXOD
monies | 1255097)  -1235312]  DAKIO0TS
0000006 =1.387010]  -1.387040) 0.000050) 0.000013
0000004 1 408993 1.408509]  0.000006] 0000011
0.000004 =l310442] 1319451 0.000009| -0.000008
0.000003 -1123477) 1125483 0.000006] -0.000011 E
G842450] D EI2HA6]__ 0000001| 0000021 [Harmonic,
UAPIIA2|  0482738|  -D400004| -0.000021
-0.104013)  -0.104034) 0.000023)  0.000004]
0703933 0207900] _ 0.000023] 0 00G00S
Ua60I03|  D666636]  DINDIME| 0000031 “ombnned
0987673 0.087633 0.000020] 0000003 2 Fundaenenral
1230522 12304891 0.000033| 0000018 1.70257E-03|Vims N+D
1373062] 1375045 00AI0017] 0 0DOOGE
1412522 1412510]  D.0K0D12| -0.000005
1.337304] 1.337201 0.000015] -0.000002
T156768) 1156240 D0000CE| 0000011

W TS s
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ADC Spec Calculations

. Excel Workbook for ADC Spec Calculations

— Filename: FFT Analysis3.xls
— Backward and Forward
— Frequency and Time Domain

-
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Identifying Spurs

Dither Off Zoom FFT
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Identifying Spurs

Excel Workbook to

Calculate Aliased Harmonic Frequencies

Filename: Harmonic Calculator.xls
Surprisingly high order harmonics may be present!
Enter sample rate and Fin

Paste special calculation table as values

Sort by Aliased Frequency

Change your sample rate and real signals will stay put

= -
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Total Instrument Noise

Types of Noise
ADC Noise
Signal Conditioning Noise

— Noise Sources
— Equivalent Noise Bandwidth

Combined Capture System Noise

{;‘nzm
INSTRUME! NTS
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1/f Noise Region
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Noise Regions

INPUT WOLTAGE MNOISE SPECTRAL DENSITY

1/f noise

corner

;

-
/“HQ = AN, SN

1| BM ) LT

,_.
Sis|

10 100 1k 10k 100k 1M
Fraquency (Hz)

“White Noise” Region: thermal noise + shot noise
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White Thermal Noise

Power = 4kTAf

*Noise Power is independent of frequency in white noise.
*Noise Power is independent of resistance (R).
*Noise Power is independent of the electronic charge (q).

-114 dBm/MHz or -174 dBm/Hz

Reference: AlLTech Noise Slide- Rule

It can be shown that the thermal noise power in any resistor at 290°K is:

B o
INSTRUMENTS
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. Excel Workbookto Calculate Thermal Noise

— Filename: Thermal Noise2.xlIs

Thermal Noise Reference

(K
k
1.3BE-23
(°K) °K)
TROOM THlGH
298 368
Q) (nVrtHz) (nVirtHz)
Rs NTE gs NTE zs
50 0807 1.008
60 0993 1104
70 1.073 1.192
80 1.147 1275
an 1217 1.352
100 1.283 1.425
@Tﬂws
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The Dreaded 1/F Region

FREQILEMCY

1k 100
LP filtering in t_h|s_r_eg|on -V =
produces no significant — > \\ A
improvement in noise. E otk =t 4 10 B
Why? :g | = H z
2 - &
= o~ L ’ .
= 1m0 S -
=
10 0.1
1 10 100 1k 10k 100k

Fraquency |:I:|z:|

Because in the 1/f noise region the noise density
increases at the same rate that you reduce the
bandwidth!
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Opamp Noise Calculations

26 + 2(1gR )+ 2(4K TR Gy )

|':0 = \
Eo

(1+R¢/R¢) = Gy = Noise Gain

T

4kT =16E-20J« 57K

, T is the Temperature in Kelvin

Ex = Op Amp Input Noise Voltage

lgyy = Op Amp Non-Inverting Input Moise Current
lg; = Op Amp Inverting Noise Current

Eas = Source Resistor Noise Voltage = /4kTRs

Ey= ].:\_[2 " U“\-Rq ]z +4KTR, + ]hl‘k el 4k'!'R|.- Egs = Feedback Resistor Noise Voltage = VAKTR,
' ‘l. : . Gy Gy KT

i
Izg = Gain Setting Resistor Noise Current = \‘IR_
G

http://focus.ti.com/docs/apps/catalog/resources/appnoteabstract.jhtml?abstractName=sboa066

= -
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Opamp Noise Calculations

Noise Term Gain
E G 4kT =1.6E-20J 29‘;« , T is the Temperature in Kelvin
NI N
IBN RS.GN Epny = Op Amp Input Noise Voltage
lasy = Op Amp Non-Inverting Input Noise Current
ERS GN lg; = Op Amp Inverting Noise Current
Ezs = Source Resistor Noise Voltage = /4kTRg
IB| RF Exe = Feedback Resistor Noise Voltage = y4KTR:
) . | 4kT
E 1 Ize = Gain Setting Resistor Noise Current = ,/——
RF ¥ Re
IRG RF

http://focus.ti.com/docs/apps/catalog/resources/appnoteabstract.jhtml?abstractName=sboa066

= -
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Opamp Noise Calculations

Excel Noise Calculator

Add Noise Terms from Data Sheet

Add Circuit Values

(VIV) (nVirtHz) (pA/rtHz) (PArtHz) Q) Q) Q) (VIV)
Ay Opamp Ey lan Iy, Rg Rg R Noise Gain
2 OPA627 4.5 0.0016 0.0016 0 1000 1000 2.0
-2 OPA627 4.5 0.0016 0.0016 0 1000 2000 3.0
” -IEKS?ER‘UMEHTS
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Excel Noise Calculator

Opamp Noise Calculations

Individual Noise Terms, Output and Input Referred Noise are Calculated

Identify Dominant Noise Term

Reduce The Dominant Term to Reduce Noise

Input

Output Referred Output Referred
Individual Noise Term Contributions Noise Noise

(VIV) (VIMHz) | (VItHz) | (V/tHz) | (VIitHZ) | (V/itHz) (NVIrtHz) | (nV/rtHz)
Noise Gain NTE NTlgn NTERs NTlg, NTE re Eo En
2.0 9.00E-09  0.00E+00 0.00E+00 1.60E-12 0.00E+00 9.00 4.50
3.0 1.35E-08 | 0.00E+00 0.00E+00 3.20E-12 0.00E+00 13.50 6.75

oip Texas
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ADC Spec Calculations

« Excel Workbook for Opamp Noise Calculations

— Filename: Opamp Noise.xIs
— Identify the dominant noise source!

= -
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Equivalent Noise Bandwidth

15.7k & 10nF e
RC LPF . .
-3dB BW *
- 1kHz .
. : s
. : I
ENBW.- . I
' o
7 Lo
=15 . I |
(.
Lo
..................................................................... J

Correction factor for 1- pole filter = Pi/2, 1kHz (-3dB BW) * 1.57 = 1.57kHz ENBW

= -
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Noise Power is always a function of the measurement bandwidth (Af).

Unless the filter that defines Af has a perfect “brick- wall” response,
noise will also be contained within the skirts of the filter.

[

error | Filter BW | error | Filter BW |

ENBW

Equivalent Noise Bandwidth (ENBW) is the effective filter bandwidth for
white noise filtering, i.e., it is equivalent to a brick- wall filter of that BW.

@ = —
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ENBW by Filter Type

Butterworth Chebyshev Bessel
(fco = 3 dB) (fco = ripple) (fco = 3 dB)
Order EqNBW Ripple Order EqNBW

0.01 dB 0.1dB 0.25dB 0.5 dB 1.0 dB
1 1.5708 Order 1 1.57
2 1.1107 2 3.6672 2.1444 1.7449 1.4889 1.2532 2 1.56
3 1.0472 3 1.9642 1.4418 1.2825 1.1666 1.0411 3 1.08
4 1.0262 a4 1.5039 1.2326 1.1405 1.0656 0.9735 4 1.04
5 1.0166 5 1.3114 1.1417 1.0780 1.0208 0.9433 5 1.04
6 1.0115 6 1.2120 1.0937 1.0448 0.9970 0.9272 6 1.04
7 1.0084 7 1.1537 1.0653 1.0251 0.9828 0.9175
8 1.0065 8 1.1166 1.0471 1.0125 0.9736 | 0.91133
9 1.0051 9 1.0914 1.0347 1.0038 0.9674 0.9071
10 1.0041 10 1.0736 1.0258 | 0.9977 0.9629 0.9041
Reference: http://www.rfcafe.com/references/electricalffilter_egnbw.htm
@ans
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Integrating Noise Density

Amplifier Noise Calculation

Signal to Noise (typical) (dB) 105.00
Max Signal (Vpeak) 2.50
Max Signal (Vrms) 1.77
Integrated Noise (uVrms) 9.94
-3dB Input Bandwidth (MHz) 3.39
Corrected Noise Bandwidth for 1-

Pole (MHz) 5.319
Corrected Noise Bandwidth for 2-

Pole (MHz) 3.761
Noise Density with 1-Pole nV/rtHz 4.31
Noise Density with 2-Pole nV/rtHz 5.13

{’T?sﬁumsms
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System Noise Calculation

ADC + Amp Noise Calculation

RMS 2 Amps Integrated Noise (uVrms) 14.1
RMS 2 Amps + ADC Noise (uVrms) 42.1
Amps + ADC Signal - to - Noise dB -98.5
{’ans
INSTRUMENTS
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Integrating Noise Density

» Excel Workbook to

Calculate Amp + ADC System Noise

Filename: Noise_Calc6.xls
Signal Chain Integrated Noise

— ADC equivalent noise density
System Integrated Noise and SNR

% ]E:‘?:’UMENTS
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« Data Rate
- ADS1672: 625kSPS

» Precision Performance
- 104dBFS SNR, -115dB THD
-4ppm INL

- 2pV/°C Offset, 2ppm/°C Gain Drift
* Dual-Path Digital Filter:

- Wide Bandwidth (Flat Passband 315kHz)
- Low Latency ( Settles in 5.5us)

¢ 350mW Power Dissipation
« 5V Analog, 3V Digital Supplies

Anplications

* Sonar
« Vibration Analysis
¢ Automated Test Equipment

« Scientific Instrumentation
EVM

ADS1672

High Speed High Resolution 625kSPS, 24 bit AX ADC

Benefits

» Uncompromised Precision with Speed

> Flexible AC and DC Performance for to take
applications to the next node

> Selectable Filter for Wide Bandwidth (For AC Apps)

»Low Latency (ldeal for Multiplexing Applications)

AVDD VREFP VREFN DVDD

Data Ready
Data Output

Programmable Shift Clock

Digital Filter Compatible Chip-Select
Dual Path Serial Interface

Interface Master Clock
Filter Path

AINN
AX

AINN Modulator

Low-Latency Data Rate
. Control Start Convert
Wide Bandwidth - Power Down

Out-of-Range

End of 3Q’08

AGND DGND
ADS1672EVM | 1kU Price = $11.75 |

B o
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PGA280

Zero Drift, HV Programmable Gain Amplifier

Denefits

= Zero Drift: 0.1 pV/C Drift, 100 pV Offset (max) = |deal for over temp performance and long term stability
= High input resistance and 1 nA input bias current = Accurate with unknown source resistance and variation|
= Binary gain steps: 128V/V to 1/8 VIV = Input voltage ranges from +/-10V down to a few mV

= Low Noise: 20 nV/rt-Hz = Low 1/f noise to match performance of high res ADC

= +/-15V signal differential output for 5V or 3V supply = Perfect for sophisticated gain needs

= Wire-break test current and switch matrix = Connects high voltage input to low voltage domain

= Error Detection = Enables signal source diagnostics

= +10V to +36V Operation = Indicate overload conditions

" Unity gain BW = 1.5MHz High precision, high voltage

= BW > 10kHZ at G=128 industrial solution
Annlications | a0 »

= High Precision Signal Instrumentation

= Multiplexed Data Acquisition

= Universal High Voltage Analog Input Amp

= Universal Industrial Analog Input

TSSOP-24 package

{) Texas
INSTRUMENTS

The PGA280 is a universal high voltage instrumentation amplifier with digital
gain control. It offers excellent DC precision and long term stability using zero
drift topology with internal filters to minimize chopper related noise. The
input gain extends from 1/8V/V (attenuation) to 128V/V in binary steps. The
signal multiplexor connects two channels with several switches that allows
input signal diagnostics such as wire breakage and input disconnect.

The supply voltage of up to +/-18V offers a wide common-mode range with
high input impedance that can maintain signal accuracy with unknown source
resistance and variations.

The fully differential signal output as well as the very low 1/f noise matches
the inputs and performance of modern high resolution and high accuracy
data converters.
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» Low Noise : 2.1nV/vHz (max)

e 100nVp-p Noise, 0.1Hz — 10Hz

e Low Ib: 5nA (max)

Low Supply Current: 2.5mA (max)

Low Offset Voltage: 100V (max)

Gain Bandwidth Product: 18MHz

Slew Rate: 6V/us

Wide Supply Range £2.25 To +18
Rail-to-Rail Output

Single - SOT23-5, MSOP-8, SO-8

Dual — MSOP-8, SO-8

¢ Quad — TSSOP-14, QFN-16
Applications

¢ PIl Loop Filter

« Low Noise, Low Power Signal Processing
« High Performance ADC Driver

« High Performance DAC Output Amplifier.

OPA209

Benelits

Low Noise, Low Ib Op Amp with RRO in SOT23

* Improved Dynamic Range
* Lower Power Dissipation

e Space Savings

Out | 1 E\h
2
+in |3 | .h

LN‘AEO g |w
dnAE & 3 Oute
":Eg“g:::

InDeve

o
W.E )J
ind (2 - o =
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U‘E g

14| e
12| -mp
E snp

M| v

ﬂ “nt
E—MC

iy (’\ﬁ

oae [7 |

o] ouc

TESOP14

« Active Filters .
+ Low Noise Instrumentation Amplifiers [l LS ST ESEL bl E e o)

-
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OPAy376

e-Trim Precision Amplifier: Low Offset & Noise

Beneftls

Low Offset Voltage: 25uV (max)

« Low Noise: 7.5nV/VHz at 1kHz « eTrim combines excellent AC AND DC

« 0.1Hz to 10Hz Noise: 0.8uVPP specifications on <1mA current consumption!

- Quiescent Current: 950uA (max) « Low frequency noise (4x lower than nearest

« Wide Bandwidth: 5.5MHz competition) tben:;fits dc precils.iorti.

. . measurement and sensor applications

. gggg;ys\g\:ilr:zg:éczl;g\gle: 5.5V » Wide bandwidth and low noise density benefit
—SC70,S0T23, SO, TSSOP, MSOP single supply data acquisition systems

« NOW in Wafer Chi|,a Scale Ié'ackaging « WCSP and low power enable a wide range of
(WCSP) for the DUAL! opportunity to be used in wireless and

« Multi Channel Availability: handheld, portable equipment

*OPA376 (single) (1KU $0.65)
«OPA2376 (dual) (1KU $1.00/$0.95 WCSP)
«OPA4376 (quad) (1KU $1.40)

Annlications

« Single Supply Data Acquisition Systems
» Sensors and Signal Conditioning
» Wireless Communications

¢ Medical Instrumentation 1ku Price: $0.65

* Handheld Test Equipment

Population
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-10.0

Offset Voltage (uV)
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