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the Right Part
Tejaswini Anand , Product Applications Engineer

Application engineers often repeatedly answer the same questions from different 
customers, especially queries related to the selection of parts in their application. 
One mistake we see in part selection happening time and time again is that the 
customers become over enamored by what I like to call “the sheet” in data sheets. 
I’m talking about the shiny, glittery, sexy specs. “Wow! That ADC has a high SNR!” 
This is the story of one such customer who was impressed with one ADC’s high  
SNR but who forgot to consider other important data sheet specs. We will also 
address common mistakes and how to choose the right parts for your application.

I recently received a customer’s case where he wanted a suitable ADC for his 
seismic- and vibration-related application. He knew he needed an ADC with a high 
signal-to-noise ratio (SNR) and good total harmonic distortion (THD) for his applica-
tion and concluded that any SNR above 110 dB is fine. Since vibration sensors output 
continuously varying ac voltage signal overlapped on a dc voltage signal, we need a 
very high performance, high resolution ADC that has a high SNR to properly obtain a 
digitalized version without being affected much by the noise in the vibration-related 
applications. What customers generally do while choosing parts is that they shortlist 
them by performing a parametric search of their requirements in third-party 
websites and just check the front page of each product with their catchy product  
descriptions and fall for the first page of the data sheet, which describes the  
product’s highlights. Often, data sheets are much more complex and require 
further investigation beyond the front page highlights. This customer also saw 
the front page of one the ADI’s precision converter ADCs, AD7768, and found its 
SNR to be just 108 dB (dynamic range and SNR both are a mirror for rms noise 
and can be treated almost the same as they are proportional).

FEATURES 
Precision ac and dc performance  
8-/4-channel simultaneous sampling 

256 kSPS maximum ADC ODR per channel 
108 dB dynamic range 
110.8 kHz maximum input bandwidth (−3 dB BW) 
−120 dB THD, typical 
±2 ppm of full-scale range (FSR) integral nonlinearity 

(INL), ±50 µV o�set error, ±30 ppm gain error 

Figure 1. Front page of one of ADI’s precision ADC data sheets for the AD7768/AD7768-4.

The customer’s reaction was, “Oh! This ADC is definitely not suitable for my appli-
cation. It has just 108 dB SNR!” On scrolling further down, he found another table, 
shown in Figure 2,  where the SNR for two different filters was shown.

AVDD1A = AVDD1B = 4.5 V to 5.5 V, AVDD2A = AVDD2B = 2.0 V to 5.5 V, IOVDD = 2.25 V to 3.6 V, AVSS = DGND = 0 V, REFx+ = 
4.096 V and REFx− = 0 V, MCLK = 32.768 MHz, analog input precharge bu�ers on, reference precharge bu�ers o�, wideband �lter , fCHOP = 
fMOD/32, TA = −40°C to +105°C, unless otherwise noted. See Table 2 for speci�cations at 1.8 V IOVDD.  

Table 1.  
Parameter  Test Conditions/Comments Min Typ Max Unit  
ADC SPEED AND PERFORMANCE      

Output Data Rate (ODR), per 
Channel1 

 SPSk 652  8 edom tsaF

 naideM  4 edom  128 kSPS 
 Low power mode 1  32 kSPS 

−3 dB Bandwidth (BW) Fast mode, wideband �lter   110.8 kHz 
 Median mode, wideband �lter   55.4 kHz 
 Low power mode, wideband �lter   13.8 kHz 
Data Output Coding  Twos complement, MSB �rst  
No Missing Codes2  24   Bits 

DYNAMIC PERFORMANCE      
Fast Mode Decimation by 32, 256 kSPS ODR     

Dynamic Range  Shorted input, wideband �lter 106.2 108  dB 
Signal-to-Noise Ratio (SNR) 1 kHz, −0.5 dBFS, sine wave input     

 5cniS �lter  901 111  dB 
 dnabediW  601 retlif 107.8  dB 

Signal-to-Noise-and-
Distortion Ratio (SINAD) 

1 kHz, −0.5 dBFS, sine wave input 104.7 107.5  dB 

Total Harmonic Distortion 
(THD) 

1 kHz, −0.5 dBFS, sine wave input  −120 −107 dB 

Spurious-Free Dynamic 
Range (SFDR) 

 cBd  821  

Figure 2. Specifications table of the AD7768/AD778-4. 

He concluded, “Okay ... I can get 111 dB by using a sinc5 filter. But I recently saw 
another product from another company that has an SNR greater than 115 dB, I 
should go with the latter.”

Hold on! There’s a mistake in this comparison. There is a trade-off between the 
output data rate (ODR) that determines the speed of operation of the ADC and 
the SNR that determines the resolution and just how noise free the output is.1 
The higher the ODR, the lesser the SNR, and vice versa. Therefore, each ODR 
corresponds to a single SNR value. It is important to first identify the output rate 
needed and then compare ADCs based on the corresponding SNR values. This 
customer had compared one device with 108 dB SNR at 256 kSPS with another 
that had an SNR of more than 115 dB at just 1 kSPS ODR. Thus, based on front 
page data, it appeared that one product had a lesser SNR than the other, and 
that the latter was better for the application. However, this was not an accurate 
way to compare the data. 

From Figure 3, we can see that with the increase in the ODR, the rms noise also 
increases and corrupts the digital value, which in turn reduces its SNR. Figure 4  
shows a screenshot from the AD7768 data sheet, where we can see SNRs of 
123.88 dB and 126.89 dB at 1 kSPS ODR for wideband and sinc5 filters, respec-
tively, which is much higher than that of the competing device at this ODR.
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Figure 3. Output data rate vs. rms noise.

Table 12. Wideband Filter Noise: Performance vs. Output Data Rate (VREF = 4.096 V) 
Output Data Rate (kSPS) −3 dB Bandwidth (kHz) Shorted Input Dynamic Range (dB) RMS Noise (µV) 
Fast Mode    

 85.11 69.701 8.011 652
 77.7 34.111 4.55 821
 24.5 55.411 7.72 46
 28.3 85.711 9.31 23
 27.2 65.021 9.6 61
 49.1 5.321 5.3 8

Median Mode    
 63.11 31.801 4.55 821

 6.7 26.111 7.72 46
 3.5 57.411 9.31 23

 47.3 97.711 9.6 61
 46.2 8.021 5.3 8
 78.1 18.321 7.1 4

Low Power Mode    
 82.11 91.801 9.31 23

 45.7 96.111 9.6 61
 52.5 38.411 5.3 8
 17.3 62.711 7.1 4
 26.2 88.021 78.0 2
 58.1 88.321 34.0 1

Table 13. Sinc5 Filter Noise: Performance vs. Output Data Rate (VREF = 4.096 V) 
Output Data Rate (kSPS) −3 dB Bandwidth (kHz) Shorted Input Dynamic Range (dB) RMS Noise (µV) 
Fast Mode    

 38.7 63.111 422.25 652
 34.5 55.411 211.62 821
 28.3 16.711 650.31 46
 17.2 16.021 825.6 23
 39.1 25.321 462.3 61
 93.1 93.621 236.1 8

Median Mode    
 86.7 35.111 211.62 821

 3.5 57.411 650.31 46
 27.3 18.711 825.6 23
 46.2 28.021 462.3 61
 78.1 28.321 236.1 8
 33.1 97.621 618.0 4

Low Power Mode    
 56.7 75.111 825.6 23
 62.5 28.411 462.3 61

 7.3 88.711 236.1 8
 16.2 9.021 618.0 4
 58.1 19.321 804.0 2
 13.1 98.621 402.0 1

Figure 4. Noise performance vs. ODR of the AD7768/AD7768-4. 

The following points must be kept in mind before choosing a part:

 X It is important to choose the relevant specs suitable to the operating condi-
tions. Before concluding which part is suitable, it is essential to compare VREF, 
VDD, power consumption, mode of operation, thermal range of operation, and 
a few other specs. The SNR value itself depends on all of those parameters, 
which must be decided based on an application’s requirements—and the SNR 
value must be chosen by more than just the first page of the data sheet. Figure 5  
shows how the rms noise values—and thus the SNR values—for the AD7768 
are different for different VREF voltages and at different temperatures (rms 
noise is inversely related to SNR). Similar variations can be seen for the other 
parameters as well. 
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Figure 5. (a) RMS noise vs. temperature, (b) RMS noise per channel for various VREF values. 

 X The relevent values at all VREFS, ODRs, etc. will not be given in the data sheet, 
which means we will have to extrapolate the data from the given information 
to get our required values.

 X Be careful while choosing parts. The typical values are different from the mini-
mum and maximum values. While typical values can be expected most of the 
time, the full range of values must be considered if an application is sensitive 
to the minimum and maximum values of a given parameter.

Here is another example of a common, but avoidable, misinterpretation. Figure 6 (a)  
and Figure 6 (b) show the first page of the data sheets for the LTC6268 and 
ADA4530-1, respectively.

FEATURES 
Low input bias current 

±20 fA maximum at TA = 25°C (guaranteed at production test) 
±20 fA maximum at −40°C < TA < +85°C  
±250 fA maximum at −40°C < TA < +125°C (guaranteed at 

production test) 
Low o�set voltage: 50 µV maximum over speci�ed CMRR range 
O�set voltage drift: ±0.13 µV/°C typical, ±0.5 µV/°C maximum 
Integrated guard bu�er with 100 µV maximum o�set 
Low voltage noise density: 14 nV/√Hz at 10 kHz 
Wide bandwidth: 2 MHz unity-gain crossover 
Supply voltage: 4.5 V to 16 V (±2.25 V to ±8 V) 
Operating temperature: −40°C to +125°C 
Long-term o�set voltage drift (10,000 hours): 0.5 µV typical 
Temperature hysteresis: 1.5 µV typical 

(b)

FEATURES
n Gain Bandwidth Product: 500MHz
n –3dB Bandwidth (A = 1): 350MHz
n Low Input Bias Current: 
  ±3fA Typ. Room Temperature
  4pA Max at 125°C
n Current Noise (100kHz): 5.5fA/√Hz
n Voltage Noise (1MHz): 4.3nV/√Hz
n Extremely Low CIN 450fF
n Rail-to-Rail Output

(a)

Figure 6. (a) Front page of the LTC6268 data sheet (b) front page of the ADA4530-1 data sheet.

https://www.analog.com/media/en/technical-documentation/data-sheets/62689f.pdf
https://www.analog.com/media/en/technical-documentation/data-sheets/ADA4530-1.pdf
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When customers need an amplifier as the next stage after adding a very high 
impedance source, they primarily look for an amplifier with very low input bias 
current. Ideally, no current flows into the input terminals of an op amp. In prac-
tice, there are always two currents, IB+ and IB–, flowing into the input terminals 
of the op amp. These are called input bias current. For a high impedance source, 
amplifiers with less input bias current are chosen to avoid the voltage drop at its  
input stage. LTC6268 and ADA4530-1 are marketed with the titles “Ultralow Bias 
Current FET Input Op Amp” and “Femtoampere Input Bias Current.” A cursory 
glance at the first page of their data sheets, as shown in Figure 6, shows that the 
LTC6268 has 3 fA whereas ADA4530-1 has 20 fA at room temperature, which may 
lead customers to believe that the former is more suitable for their low input 
bias current requirement. Being that data sheets vary, the typical bias current is 
not listed on the first page of the ADA4530-1 data sheet as it is on the LTC6260’s  
first page. Instead the maximum bias current is listed on the first page. To high-
light again, typical values are different from the minimum and maximum values! If 
the application is very sensitive to those values, we should consider the worst-case 
minimum and maximum values rather than the typical values.

ADA4530-1 Data Sheet

SPECIFICATIONS 
5 V NOMINAL ELECTRICAL CHARACTERISTICS 
Supply voltage (VSY) = 4.5 V, common-mode voltage (VCM) = VSY/2, TA = 25°C, unless otherwise speci�ed. Typical speci�cations are equal 
to the average of the distribution from characterization, unless otherwise noted. Minimum and maximum speci�cations are tested in 
production, unless otherwise noted.  

Table 1. 
Parameter1  Symbol  Test Conditions/Comments Min  Typ Max  Unit  
INPUT CHARACTERISTICS  

Input Bias Current2, 3 IB  RH < 50% <1 ±20 fA  
−40°C < TA < +85°C, RH < 50%  ±20 fA 
−40°C < TA < +125°C, RH < 50%  ±250  fA  

Input O�set Current3  IOS  RH < 50% <1 ±20 fA  
−40°C < TA < +125°C, RH < 50% ±150 fA 

(b)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

VOS Input Offset Voltage VCM = 2.75V  

l

–0.7 
–2.5

0.2 0.7 
2.5

mV 
mV

VCM = 4.0V  

l

–1.0 
–4.5

0.2 1.0 
4.5

mV 
mV

TC VOS Input Offset Voltage Drift VCM = 2.75V 4

IB Input Bias Current  
(Notes 6, 8)

VCM = 2.75V 
LTC6268I/LTC6269I 
LTC6268H/LTC6269H

 

l 

l

–20 
–900 

–4

±3 20 
900 

4

fA 
fA 
pA

VCM = 4.0V 
LTC6268I/LTC6269I 
LTC6268H/LTC6269H

 

l 

l

–20 
–900 

–4

±3 20 
900 

4

fA 
fA 
pA

 The l denotes specifications that apply over the full operating 
temp erature range, otherwise specifications are at TA = 25°C, VSUPPLY = 5.0V (V+ = 5V, V– = 0V, VCM = mid-supply), RL = 1kΩ,  
CL = 10pF, VSHDN is unconnected.

5.0V ELECTRICAL CHARACTERISTICS

(a)

Figure 7. (a) Specifications of the LTC6268, (b) specifications of the ADA4530-1.

Figure 7 shows the specifications of LTC6268 and ADA4530-1. We can see that 
although the maximum input bias current rating for both the parts are the same 
(±20 fA), the typical value for ADA4530-1 is less than 1 fA, which is much better 
than the 3 fA bias current of LTC6268. But this number is not highlighted in the 
first page of ADA4530-1 data sheet. Hence, a more in-depth reading of the data 
sheets is needed. Although ADA4530-1 is better in terms of typical input bias 
current, these devices may vary with other features and this feature alone is 
insufficient to determine which part is better. 

As a concluding note, I would like to emphasize the fact that it is important to first 
decide the operating conditions of an application and then look for specifications 
corresponding to its purpose. Sometimes the front page of the data sheet or its 
title might highlight features at some other specification and operating condition, 
in which case we must be prudent in choosing the suitable one for our need by 
careful perusal of the data sheet. We should also decide our power budget for our 
product before choosing a device, because it is always possible to have the best 
features and good specs, but at a high cost and with a high power budget.
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