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Analog Input: Input Capacitance
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PARAMETER TEST 

CONDITION

MIN TYP MAX UNIT

ANALOG INPUT

CIN    Input capacitance
In sample mode 60

pF
In hold mode 4

RSH 

CSH 

-

+
Comp

N-Bit

CDAC

N-Bit

Register 

SAR ADC

Simple model

AIN_P
30Ω 

60pF

S1

S2

REFP

AIN_P

4pF

30Ω AIN_N

4pF

30Ω 

60pF

60pF

Input stage detailed model



Analog Input: Input Leakage Current
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PARAMETER TEST 

CONDITION

MIN TYP MAX UNIT

ANALOG INPUT

IIL Input leakage current ±1 µA

RFT1 10

CFT1 900p

AIN_P

AIN_M

1.8V

Vref

1.8V

AVDD DVDD

AGND DGND

ADS9110

5V

CFT2 900p

RFT2 10

1µA

1µA

1µA

1µA

- 10µV +

- 10µV+



Analog Input: Input Impedance
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𝐺𝐸 =
1

1 +
𝑅𝐼𝑁
𝑅𝐸𝑋𝑇

System gain error See document 

SBAA239

𝑉𝐼𝑁_𝑅𝑎𝑛𝑔𝑒_𝐴𝑑𝑗 = 𝑉𝐼𝑁_𝑅𝑎𝑛𝑔𝑒 ∙
𝑅𝐼𝑁 + 𝑅𝐸𝑋𝑇

𝑅𝐼𝑁

Extended input 

range 

See document 

SBAA244

ADC

Drive

AIN_P

AIN_M

3V

Vref

3V

AVDD DVDD

AGND DGND

ADS8681

PGA

4.096V

Reference 

Vbias

1MΩ 

1MΩ 

Vin REXT RIN

REXT RIN

10V

12V
200k

200k

http://www.ti.com/analog/docs/litabsmultiplefilelist.tsp?literatureNumber=sbaa239&docCategoryId=1&familyId=82&keyMatch=SBAA239&tisearch=Search-EN-Everything
http://www.ti.com/analog/docs/litabsmultiplefilelist.tsp?literatureNumber=sbaa244&docCategoryId=2&docCategoryId=1&docCategoryId=6&docCategoryId=10&docCategoryId=11&docCategoryId=4&docCategoryId=9&docCategoryId=3&docCategoryId=5&familyId=82&keyMatch=SBAA244&tisearch=Search-EN-Everything


Reference Input: Reference Input Voltage Range
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PARAMETER TEST CONDITION MIN TYP MAX UNIT

ANALOG INPUT

VREF Reference Input Voltage Range 2.5 5.0 V

All specifications are for AVDD = 1.8V, DVDD = 1.8V, VREF = 5V, and fDATA = 2Msps, unless otherwise noted



Reference Input: Reference current
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PARAMETER TEST CONDITION MIN TYP MAX UNIT

EXTERNAL REFERENCE INPUT

Reference input current

During conversion, 

1MHz sample rate, 

midcode

300 µA

Input leakage Current 250 pA

CREF Decoupling capacitor at the reference input 10 22 µF

10mA

~70ns

Conversion Start

Bit Transients (12)

Stop Transient

Initial Transient



System Performance: Ideal Transfer Function 
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𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝑪𝒐𝒅𝒆𝒔 = 𝟐𝑵

𝑽𝑳𝑺𝑩 =
𝑭𝑺𝑹

𝟐𝑵

Where 

VLSB = The minimum resolvable voltage 

width

FSR = Full Scale Range

N = Number of bits

𝐕𝐋𝐒𝐁 =
𝐅𝐒𝐑

𝟐𝐍
=
𝟐𝐕

𝟐𝟒
= 𝟎. 𝟏𝟐𝟓𝐕

𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐂𝐨𝐝𝐞𝐬 = 𝟐𝐍 = 𝟐𝟒 = 𝟏𝟔
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Analog Input

D
ig

it
a

l O
u

tp
u

t

Full Scale 
Range = 2V



System Performance: Differential Nonlinearity 
(DNL)
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𝑫𝑵𝑳 𝒌 =
𝑾 𝒌 −𝑸

𝑸

𝑊 𝑘 = 𝑇 𝑘 + 1 − 𝑇[𝑘]

W[k] the measured code width.

T[k] The voltage level where a 

code transitions

Q Ideal code width
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0011
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0100

0111
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1010

1011

1100

1101

1110

1111

0.0
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1.0

1.125

0.25

0.375

0.5
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0.875

0110

Short code
DNL = Negative

Long code
DNL = Positive

Ideal 
Code width
DNL = 0



System Performance: No Missing Code (NMC)
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PARAMETER TEST CONDITION MIN TYP MAX UNIT

SYSTEM PERFORMANCE

NMC Integral Nonlinearity AVDD = 3V 12 Bits



Differential Nonlinearity (DNL) vs. Code
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PARAMETER ADS9110 TEST CONDITION MIN TYP MAX UNIT

SYSTEM PERFORMANCE

DNL Differential Nonlinearity AVDD = 1.8V -0.75 ±0.4 +0.75 LSB

000

001

010

011

101

100

111

0.0

0.125

0.25

0.375

0.5

0.625

0.75

0.875

1.0

110

001

010

011

101

100

111

110

Ideal 
Width = 0.125V

Measured 
Width = 0.031V

0.2

-0.2

-0.4

0.4

-0.6

0.8

0.6

-0.8

0.031V – 0.125V
0.125V

DNL(101) = = -0.752



System Performance: Integral Nonlinearity (INL)
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End Point
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ADC Output Code

INL = Measured transfer – End Point Fit

End Point

Linear End 
Point Fit

Measured 
Transfer 
function



INL Data Sheet Specification
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PARAMETER ADS9110 TEST CONDITION MIN TYP MAX UNIT

SYSTEM PERFORMANCE

INL Integral Nonlinearity AVDD = 3V -1.5 ±0.5 1.5 LSB



Thanks for your time!
Please try the quiz.
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Quiz: DC Specifications
TIPL 4001 
TI Precision Labs – ADCs

Created by Art Kay
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Quiz: DC Specifications

1. The input capacitance from a SAR ADC is from ____.

a. The parasitic capacitance of the ESD diodes

b. The sample and hold capacitance

c. Both a and b.

2. Input leakage current for a SAR ADC ______.

a. Is from the external RC filter circuit.

b. Will generate an error when flowing through any input resistance. 

c. Is always negligible.
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Quiz: DC Specifications

3. Reference input current _________.

a. Is a constant current typically in the milliamps.

b. Is a constant current typically in the microamps.

c. Has very fast transient spikes that may be milliamps.

d. Has very fast transient spikes that may be microamps.

4.  How many codes does a four bit converter have?

a. 4

b. 8 

c. 16

d. 32
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Quiz: DC Specifications

5.  Differential non-linearity is a measurement of ______.

a. The code width as compared to the ideal code width.

b. The total number of codes in the transfer function.

c. The deviation of the measured code to an ideal end point fit line.

d. The worst case system error

6.  Integral non-linearity is a measurement of ______.

a. The code width as compared to the ideal code width.

b. The total number of codes in the transfer function.

c. The deviation of the measured code to an ideal end point fit line.

d. The worst case system error

4



Solutions
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Solutions Quiz: DC Specifications

1. The input capacitance from a SAR ADC is from ____.

a. The parasitic capacitance of the ESD diodes

b. The sample and hold capacitance

c. Both a and b.

2. Input leakage current for a SAR ADC ______.

a. Is from the external RC filter circuit.

b. Will generate an error when flowing through any input resistance. 

c. Is always negligible.
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Solutions Quiz: DC Specifications

3. Reference input current _________.

a. Is a constant current typically in the milliamps.

b. Is a constant current typically in the microamps.

c. Has very fast transient spikes that may be milliamps.

d. Has very fast transient spikes that may be microamps.

4.  How many codes does a four bit converter have?

a. 4

b. 8 

c. 16

d. 32
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Solutions Quiz: DC Specifications

5.  Differential non-linearity is a measurement of ______.

a. The code width as compared to the ideal code width.

b. The total number of codes in the transfer function.

c. The deviation of the measured code to an ideal end point fit line.

d. The worst case system error

6.  Integral non-linearity is a measurement of ______.

a. The code width as compared to the ideal code width.

b. The total number of codes in the transfer function.

c. The deviation of the measured code to an ideal end point fit line.

d. The worst case system error
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