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Offset Voltage Calculation

Typical offset at ADC Input

Vost = \/(20 ) VOSINA)2+(VOSOPA)2+(VOSADS)2

Device PARAMETER MIN | TYP MAX |UNITS
LMP8481 Offset -265 |80 +265 | uVv
OPA320 |V,g Offset -150 | +40 +150 | pV
ADS8860 | E, Offset -2 +0.8 +2 mV

30V to 40V 5V

Ul
-\_LMP8480
SOmAl 0.01Q Ref * — U3
0 204 + 0.5V to 4.5V 20T|\/|C|—)||;)A320 Al,\nAF —4_ ADS8860
LOAD = 0.5V — 220 \ AGND DGND
Gain = 20
- — {5

Vst = +/ (20 - 80uV)2+(40uV)2+(1mV)?2

V. or = +1.887mV

Vref AVDD DVDD

Number of |Probability
Standard Inside Limit
Deviations

+1-0 68.27%
+2-0 95.45%
+3-0 99.73%
+4-0 99.9937%
+5-0 99.99994%
+6-0 =100%
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Gain Error Calculation

Absolute Worse Case Gain Error

Vost = Er1 + Egu1 + Egus

Vosr = 0.1% + 0.6% + 0.01% = +0.71%

Device | PARAMETER MIN |TYP MAX | UNITS
R1 Ex Tolerance |-0.1 +0.1 | %
LMP8481 |E; Gain Error |-0.6 +0.6 | %
ADS8860 |E; Gain Error |-0.01 |£0.005 |+0.01 | %

Statistical Worse Case Gain Error

30V to 40V 5V

Ul
-\ _MP8481

0.01Q
0.1%

LOAD

Ref
L
1 0.5V

Gain = 20

Gain Error = 0.6% Max

— OPA320 1nF _

L0

Vost = v (Er1)2+(Egu1)?+(Egys)?

Voor = +/(0.1%)2+(0.6%)2+(0.01%)%= +0.608%

Gain Error = 0.01% Max

Vref AVDD DVDD

U3
ADS8860
\ AGND  DGND
= "\
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Offset and Gain Calibration: two test signals

Two Precision Make sure
Inputs applied amplifiers are
r In linear range

Average code read

5V 3V 3V Avoid calibrating in

T T the non-linear regions

Vref AVDD DVDD

o
cas”

30V to 40V SV

‘l’ Ul

-\ _MP84381

ADC OUT1 = 6580
ADC OUT2 = 59024

U3

Two points in the linear
region for calibration

linl = OAl 0010

... Output Code

Ref 1
lin2 = 20A (]/ \ — OPA320 1nF —— ADS8860
y I e
LOAD 05V 01 = 0.5V = 22Q \AGND DGND e inpui V
Gain =20 Vout2 =4.5V
— — A4
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Calibration Example

FFFF, , Measured Slope Ideal Slope

Example calculation for Offset and Gain Error:

) Code, = 59024 Viny = 0.5V Apply 0A
:), _ Code; — Code; 59024 — (6580) 13111 Compute Slope based
g_ m = Vinz — Vint B 45 —-0.5 B on codes
g bm = C0d81 — My VINl = 6580 —13111-0.5 =245 Oﬂ:set
O VIN_appliea = 2.0V Example Input
o Code = 26246 Output code
S
-
7, I Vin uncat = Code - LSB = 26246 - 76.029uV = 2.002V  Uncalibrated 2mV error
o Code; = 6580 .
E | | | | Code — b,, 26246 — (24.5) Calibration eliminates
i | | | | - N = = 3111 = 2.0000V error
V|N1 VINZ 5.0V Mm
0.5 FSR

Input Test Signal
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Offset calibration with short

SV 1.8V 1.8V

I |

/ Vref AVDD DVDD

RGl 1k RFl 2Kk
VYW—t NN
) 5V
2.5V

Ul
THS4521

T

Vout_dif = 0V
Vcm = 2.5V

1

AIN_P

ADS9110

AIN_M

AN

- Short the Input
for Calibration

\ AGND

JT_ Dj:ID

Negative Offset ( e.g. -30 codes) >
¥ L
. AN\ &QJ
Unused oY
Code Ng
Range
Available P -
'NFS |
Code < PFS
Range
g Negative Offset
"/ /
H_»\ /
'
Unused Available Input
Analog Range Range
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Offset Error — Unipolar

- \
. P ff .g. >
Negative Offset (e.g. 3 codes) o2 O EFF, 4 ositive Offset (e.g. 3 codes) R
FFF, 4 NSIIR 4
Unused § Q)Q,%
Code A\
Range :
Available
Code
Available Range
Code
Range
0034
Unused Positive Offset
\_ 000y . Code 0004
_ Range 0 FSR
o’ Negative Offset FSR
003, N S
' Available Input Unused
Unused Available Range Analog Range

Analog Range Input Range
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Offset Error — Bipolar, or Unipolar with Differential input range

Positive Offset ( e.g. 3 codes)
P &
4 "/
Positive Offset
0034 §
Available |
Code < ‘ >
Range PFS
Unused ? |
Code / ]
Range \_ D n'ad
Y
Available Input Unused
Range Analog Range

Unused
Code
Range

Available
Code
Range

!

NFS

H_J\

PFS
-0034

Negative Offset

J

Unused
Analog Range

N

Available Input

Range
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Automatic Offset Calibration: ADS7042

Digital
command
Initiates
calibration

AVDD GND DVDD
Offset
Calibration
Inputs AINP ; =
disconnected CDAC Comparator > SCLK
during calibration AINM Serial
— - Interfacel gpo
I Y
SAR
PARAMETER MIN [TYP |MAX |UNIT | Offset correction stored in register
Uncalibrated Offset +12 LSB and automatically subtracted after
Calibrated Offset |-3 +0.5 |+3 each conversion
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Error Sources that are difficult to Calibrate

1 , , , ,
190 Typical Units Shown

. 75 Integral Non-linearit
 Temperature Drift . Femeratyte-Drift 5 o J y
adlulc WIITIL =
- - 2 £
* Non-linearity g Ow#“ﬂmw‘
. . . > cEOU
Long term shift (Aging) _50 o
« Hysteresis 75
~100 -1
. _ _ _ 0 512 1024 1536 2048 2560 3072 3584 4096
° NOISe 75 50 25 OTemQDSGraturS;](oc)ﬁ 100 125 150 o .

250
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200

™
AV
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™

=
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n
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—
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Thanks for your time!
Please try the quiz.



Quiz: Understanding and Calibrai T
the Offset and Gain for ADC Sy‘_‘:._..._

1 ey e ‘-‘ > 2 2 ..- -
) - < R T
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Quiz: Calibration

1. The goal is to calibrate the offset voltage for this system. Can we do this by
applying OV to the input and measuring the output code? Note the ADC input

range is OV to 5V.

Vref AVDD DVDD

5V
oV Ul |
Calibration O 25V0PA320 1nF _—
Signal — YV

— 220Q)

5v. 3V 3V

U2
ADS8860

AGND

DGND
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Quiz: Calibration

2. The goal Is to calibrate the offset voltage for this system. Can we do this by
applying OV to the input and measuring the output code? Note the ADC input
range Is -10.24V to 10.24V.

5v. 3V 3V

Vref AVDD DVDD

+15V
-10.24V to
U1 +10.24V U2
o) — OPA188 ADS8681

Calibration—

Signal AGND DGND
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Quiz: Calibration

3. The goal is to calibrate the offset voltage for this system. Can we do this by
applying OV to the input and measuring the output code? Note the ADC input
range Is -10.24V to 10.24V.

5v. 3V 3V

Vref AVDD DVDD

+15V
710.24V to
) +10.24V U2
ov() -15vOPA188 ADS8681

Calibration—=

Signal

AGND DGND
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Quiz: Calibration

4. The circuit below has some switches that allow calibration signal to be applied
to the system. The calibration signals are generated using a 5V LDO output
and a voltage divider. What are some potential issues with this calibration

methOd? from LDO
5V
5V 3V 3V
4.5V 0.5V
l Vref AVDD DVDD
Calibration
Signals
S . Uil 5.0V U2
input Signal é = OPAS20 1nF ADS8860
= L0

AGND DGND
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Quiz: Calibration

5. Below is a circuit that is scaled so that the ADC is at negative full scale for a system input of OV,
and at positive full scale for a system input of 1V. Calibration signals of 0.1V and 0.9V are applied
to the input and the output codes are read. Use this information to create calibration coefficients.
Also, what is the calibrated system input for an output code of 32000,,. Finally, what would the
error have been without calibration.

2.048V 10K
U3 ~Bufter 4.096V 1.8V 1.8V
High BW 10k _I_ —I_ / . \
Re: 1k Re1 2K 1 / Vref AVDD DVDD Vin =0.1V
2.048V AA—2 A
L o i Code = -104820,,
2.048V - Vout_dif = +4.096V, ADS9110 Vln - Ogv
g0 maian T e Code = 104895,
= L 5V { [ THs4s51 1 \ AN M
| = _ A \ \ AGND 5GND FOr COde— 3200010
nputSignal s \Kk Rr2 2K T 7T What is Vin = ?
) ) . Vin OPA320 From Input . . -
Calibration Signal @ - OV to 4.096V/ From Calibration \ /
0.1Vi0 0.9V - From Cal.ibration 8271Vt 3.271V

0.4096V to 3.6864V
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Quiz: Calibration

1. The goal is to calibrate the offset voltage for this system. Can we do this by
applying OV to the input and measuring the output code? Note the ADC input

range is OV to 5V.

oV

oV Ul |
OPA320 1nFZ=

Callbrgtlon _0.55V
Signal —

Vref AVDD DVDD

OV to
5.0V U2

ADS8860

—22Q)

\ AGND  DGND

Vv

ANS: No. Look at OPA:

Applying OV to the amplifier will drive the
Its output towards OV. For this example
the negative supply is -0.25V this allows
swing of the op amp to OV. Note the
output swing and common mode aren't
limited (see table below). Thus, the op
amp Is not the limitation.

PARAMETER OPA320 MIN TYP MAX UNIT
Vo Voltage output swing from both rails 10 20 mV
Vcm  Common mode range (V-)-0.1 (V+) + 0.1 V
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Quiz: Calibration

1. Continued: The goal is to calibrate the offset voltage for this system. Can we

do this by applying OV to the input and measuring the output code? Note the
ADC input range is OV to 5V.

ANS: No. Look at ADC:
, Negative Offset (e.g. 3codes) o > Applying OV to the ADC input should ideally give

FFFF,

Q° the offset of the data converter. This works if the
offset Is positive. However, the data converter can
have a negative offset. In this case the data
converter will read 0000, as it cannot read below
zero. Thus, this calibration scheme will not work as
It cannot measure negative ADC offset.

00004

'
¢’ Negative Offset FSR

-4mV or 34,7 PARAMETER OPA320 MIN TYP |MAX |UNIT
The ADC cannot read any code less than
0000y, but the offset is actually -344 (-4mV). Eo Offset Error -4 +1 +4 mv

wi# TEXAS INSTRUMENTS
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Quiz: Calibration

2. The goal Is to calibrate the offset voltage for this system. Can we do this by
applying OV to the input and measuring the output code? Note the ADC input

range Is -10.24V to 10.24V.

5V 3V

3V

-10.24V to
+10.24V. U2

Vref AVDD DVDD

VO = ADS8681

Calibration—=

Signal AGND

DGND

ANS: No. Look at OPA:

Applying OV to the amplifier will drive the its
output towards OV. For this example the
negative supply is OV. The output swing
limitation will prevent linear operation 15mV
from ground. Thus, the offset of this amplifier
configuration cannot be measure by applying
OV to the input.

= A4

PARAMETER OPA188 MIN TYP MAX UNIT
Vo Voltage output swing from both rails 5 15 mV
Vcm  Common mode range (V-) (V+)-15 V

wi# TEXAS INSTRUMENTS
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Quiz: Calibration

3. The goal is to calibrate the offset voltage for this system. Can we do this by
applying OV to the input and measuring the output code? Note the ADC input
range Is -10.24V to 10.24V.

5V 3V 3V ANS: Yes

The amplifier has dual supply's, so applying OV
to the input is well within the linear range.

£10.24V to Thus the amplifiers offset can be directly

10.24v- U2 measured by grounding the input. The ADC Is
ADS8681 a bipolar input, so applying OV to the input will
allow reading of both positive an negative
offsets without limitations.

Vref AVDD DVDD

+15V

Ul
Calibration—
Signal

AGND DGND

= Y4
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Quiz: Calibration

4. The circuit below has some switches that allow calibration signal to be applied
to the system. The calibration signals are generated using a 5V LDO output
and a voltage divider. What are some potential issues with this calibration

method? ANS: Potential issues
fom LDO 1. The LDO 5V output is used to generate the
%‘ — T calibration voltages. This is unlikely to have
T AVDD DVOD the accuracy, drift, noise, and long term
calbraion | stablility required for calibration.
. L0 el N V2 2. The voltage dividers need to be very
: . accurate low drift resistors.

= v 3. Make sure error sources from the switches
are considered. Switches have leakage,
non-linear impedance, capacitance, and
other nonidealities.
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Quiz: Calibration

5. Calibrate given inputs and circuit. What is input voltage for Code = 32000,,. What would the
error be without calibration?

Calibration Inputs and Codes Uncalibrated Vin Calculation
Vi =01V Code; = ~104720 Assuming ideal gain and offset
Vref
/ _ \ Ve 09V Codes 104995 LSB = 2.——  From data sheet
Vin = 0.1V in2= = 02 = 2
Code =-104820,, Find Calibration Coeficients Vage = Code-LSB
T 4 N ,
Vin = 0.9V Code, — Codey 6ot 105 L Vige = Code-4'ogf;/ 2 1.000000V
M~ == = Z. X —
Code = 104895, " V2 Ving v 2 Voo
re
Vo = Gepa-Gapa Vin— Grpa——
FOI’ COde — 3200010 \_Pm = Codeq —my,-Vjp1 = —1.309 % 105) adc FDATOPA Tin= PFDA
4.096V
‘e \/in — . o Vadc = (2)-(4.096) Vip— (2)-
What is Vin = ? Use coeficients to find Vin ade " 2
_ Vv
for Code = 32000 Vin_no_cal = 54 006) 4ag;6) + 0.5V = 0.622070V
Code := 32000 '
Vi Vi
Code— b, Error == —n=0=C TN 100 _ 0084 %
Vipi= ———— = 0621546V Vin
m
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Quiz: Calibration

5. Regarding the math on the previous slide. The transfer function to the FDA circuit is a little
tricky and the math is given below.
VREF

2 \ @]gmi VREF 1.8V 1.8V
{1 [ 71
Re1 1k Rr1 2k Vref AVDD DVDD .
1 Solve for input

V
ADS9110 ADC_DIF
Vin = +0.5V
l < N 2-4.096

\ AGND DGND

VREF
Vapc pir = GFpa (GOPA - Vin — 5 )

VADC_DIF — 2 . (4‘ 096 . VIN — 2 04'8)

e
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