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ADC Resolution/Accuracy Definition 
Typically, there’re 3 ways to define ADC’s resolution/accuracy. 
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 Resolution measured by bit 

This is common to users and vendor, but the real resolution is indicated by ENOB (Effective 

Number of Bits). All current C2000 devices’ ADC is 12bit but only have ~11ENOB. 

 Total error expressed by percentage (%) 

This is typically used by users in an application point of view, which tells the total error range 

for a specific input signal. 

i.e. 1% accuracy for 2.5v means converted voltage of sampled ADC result conversion can fall 

into the range of 2.5v+/-1% (2.475~2.525v), which will be treated as meeting the 1% accuracy. 

 Accuracy indicated by LSB (least significant bit) 

This is always described in DS spec by semiconductor vendor, to show the accurate drift error 

on measured ADC results. This error can generally be divided into three types and the spec for 

each of them are listed below as indicated in previous spec: 

 Offset error: -20~+20LSBs w/ single cal or -4~+4LSBs w/ periodic cal; 

 Gain error: -60~+60LSBs w/ internal ref or -40~+40LSBs w/ external ref; 

 INL/DNL(Integral/Differential nonlinearity): -4~+4LSBs/-1~+1LSB when ADCCLK ≤ 30 MHz 

No matter which way is used to define ADC resolution, all of them are compatible and aligned.   



What Contributes to ADC Error? 
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ADC error is mainly determined by three items: Offset error, Gain error and INL. 
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Impact of Differential Non-Linearity 
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Total Error Definition 
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 Total Error is by definition the summation of all DC related errors shown 

previously 

– Gain error (in LSBs) 

– Offset error (in LSBs) 

– INL error (in LSBs) 

 However, summation method is pessimistic 

– Assumes all max errors for above occur at a common point in the 

transfer function 

– For Piccolo ADCs, worst case gain/offset errors both occur at 

temperature corners of the device 

– Gain error max can by definition only occur at full scale range (FSR: 

3.3V) of the device 

 More accepted approach is sum of squares method 

– SQRT((ErrGain  ) 
2+ (ErrOffset )

 2 + (ErrINL)
 2) 



Error Optimization 

5/20/2013 7 

There are ways to reduce the error effects of both gain and offset. 

 Offset 

– TI provides ability to self correct for offset error  

– Range of +/-255LSBs of offset correction 

– Logic resides in the analog domain, so no loss of signal range 

– Internal connection to VREFLO so external pin connection is un-necessary 

– Ability to re-calibrate based on system need dynamically 

– Then the offset error will be zero after recalibration 

 Gain 

– Through use of 1 other known input can remove gain error  

– Only as accurate as the external source 

– Must use one channel for this 

– Gain error correction must be applied mathematically by SW post conversion 

– Then the gain error will be also zero after recalibration 



ADC Usage Recommendation(1) -- ACQPS 
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All the items mentioned below can refer to related to DS/Errata/ADC UG. 

 Sample window recommended in the DS (SPRS584B/SPRS523D, Sep./Oct. 2009) 

– For different device, different minimum sample window is suggested to use.  

 Invalid ACQPS selections showed in ADC UG (SPRUGE5B, Dec. 2009) 



ADC Usage Recommendation(2) 

-- ACQPS Continued 
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 ADC Result Conversion When Sampling Ends on 14th Cycle of Previous Conversion 

(SPRZ292D, Jul. 2010, SPRZ295E, Apr. 2011) 

– ACQPS can not be all 7 

– ACQPS can not be 6 and 7 in successive SOC’s configuration  

– Recommend ACQPS to be all 6 or 8 or above according to previous limitations 



ADC Usage Recommendation(3) 

-- ACQPS Continued 
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It’s not allowed that the next conversion's sampling phase terminates on previous conversion’s 

14th cycle, since the results latched by the CPU into the result register are not assured to be 

valid across all operating conditions. 



ADC Usage Recommendation(4) 

-- Offset Periodic Re-calibration 
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 Offset Self-Recalibration Requirement (SPRZ295J, Feb. 2012) 

– Factory offset calibration from Device_cal() may not ensure ADC offset remains within 

spec under all operating condition especially with respect to temperature drift 

– Periodic offset re-calibration can help to keep the offset error within -4~+4LSBs 

– Users can determine the re-calibration period in background based on their system 



ADC Usage Recommendation(5) 

-- Initial Conversion 
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SPRZ292, Dec. 2008 

SPRZ295, Apr. 2009 



ADC Usage Recommendation(6) 

-- DC Specifications: Linearity Limitation 
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SPRZ292B, Jun. 2009 

SPRZ295C, Dec. 2009 



The end 
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