Agenda

]

ADC Input types
a) Single ended, pseudo-differential, fully-differential, and true-differential
b) Switched capacitor vs. buffered

Linear operation of amplifier and ADC
a) Rail-to-Rail amplifiers and crossover distortion
b) Inverting configuration

Common Front Ends
a) Instrumentation amplifier: Selecting gain and common mode range
b) Fully Differential Amplifiers: Single Ended to Differential

Error Sources:

a) Statistics: Worst Case vs. Typical
b) Offset and Gain Error

c) Calibration

d) Drift and Non-linearity

e) Noise

AC Specifications and the FFT
Aliasing
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Find the worst case offset

Device PARAMETER MIN |TYP MAX | UNITS
LMP8481 |Vg Offset Error -265 | 180 +265 |pVv
OPA320 Vos Offset Error -150 | %40 +150 |pV
ADS8860 |E, Offset Error -4 +1 +4 mV

30V to 40V 5V

to 20A

50mAl 0.010

LOAD

U1

0.5V
Gain =20

LMP8480

0.5Vt04.5V 20MHz

—OPA320 1nF

0V to
5.0V

Worst case offset at ADS Input

VOST = Gain - VUl + VUZ + VU3

Vo = 20 - (265uV) + (150uV) + (4mV)

Vst = 9.27mV

N
5V 3V sy This result may be

T [ ] statistically unrealistic
Vref AVDD DVDD

U3
ADS8860

DGND

~

\AGND
=
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Statistics Behind Typical and Maximum

PARAMETER ADS8860 MIN TYP MAX UNITS
Eo Offset Error -4 +1 +4 mV
Es Gain Error -0.01 +0.005 | +0.01 %FSR

Gaussian Distribution

Minimum = -4o0
Typically <-30
Tested

:

Maximum = +4¢0

Typically > 30

Tested

:

40 -30 -20
-4mV
Failures are

discarded

-l O
-ImV 0

1o
ImV

Typical = |0 + mean|

68.27% of population

20

30 4o

4dmV

Failures are
discarded

Typical = o
68.27% of population

AVDD =3V I |

2000
REF=2.5V
1600 Ty =25°C
6000 Devices
3 1200
c
g
o 563 Max and Min set to
U- B - -
+40 in this example
400 i
. m | -
DR T B 0 1 3 - T

Offset (mV)
Figure 41. TYPICAL DISTRIBUTION OF OFFSET ERROR
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Probability that we are near worst case

PARAMETER ADS8860 MIN TYP MAX UNITS
Eo Offset Error -4 +1 +4 mV
Es Gain Error -0.01 +0.005 | +0.01 %FSR
ADS8860 Offset
2000
AVDD =3V
REF =25V
1600 Ty =25°C
6000 Devices
o Probability of
H o 1200 —
LIYIlr)t I{\l/lr:fc 5 getting devices
'TG' 46 E 800 . near max limit
' . . . . ' is low /
-40 -30 -20 -1l O 1o 20 30 4o 400 |
-4mV -ImV. 0 1mV 2mV 4mV
: : 0 - ._-‘ as=oa
-4 -3 -2 -1 0 1 I 4.

2mV < Offset < 4mV
Probability = P(C) = 2.272%

- -
......

Offset (mV)
Figure 41. TYPICAL DISTRIBUTION OF OFFSET ERROR
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Compounding probabilities “near” worst case

ADS8860 Offset

LMP8480 Offset OPA320 Offset

Max
Limit
40

-40

40 -36 -20 -1l O lo 26 306 4o
-4mV -ImV. 0 1ImV 2rpv 4mv

‘36 -20 -10 0 10 20 30 ;

30 20 do 0 1o 20 30 '
1504V 40NV 40WV 8OWV  150uV

-265uV 80uV IV 265uV

2mV < Offset < 4mV
Probability = P(C) = 2.272%

80pV < Offset < 150pV
Probability = P(B) = 2.266%

160uV < Offset < +265uV
Probability =P(A) = 2.227%

5v. 3V

T 1 1

vy sy Vet AYBD DY The probability that all three
U1 offsets are near worst case
LMP8480 oV to
somAl 0.01Q 02 520 1 5.0V U3 P = P(A) * P(B) * P(C)
o2 05VI0 45V 20MHz ADS8860 P = (0.02227)(0.02266)(0.02272)
LOAD 1 0.5V -
T can-20 == Di”D %P =100 - P = 0.0011%
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A more practical approach: use the typical limit

LMP8480 Offset OPA320 Offset

{30 20 -lo 0 1o
2650V 80uV 80UV

20 { 30 -20 -lo 0 lo

-150uv -40pV 4o0pv

-

Typical = ¢ = ¥40pV

20

Typical = x0 = *80uV
Typical at ADC Input = £ 20-80pV = 1.6mV

5v. 3V

T 1

30
1500V

§f{

30V to 40V
U1
LMP8480

U3

50mAl 0.010
to 20A —OPA320 1nF
0.5Vto 4.5V 20MHz ADS8860

LOAD

Vref AVDD DVDI]

AGND DGND

ADS8860 Offset

H :
46 36 -20 -lo O lo 20 30 4o
-4mv -ImV. 0 1ImV amv

-

Typical =0 =¥ 1mV

Typical offset at ADC Input

VosT = \/(20 : VOSINA)Z+(VOSOPA)2+(VOSADS)2

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

Ga_in =20 1

<~

V,or = 1.887mV
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A more practical approach: use typical

Number of |Probability | Probability Combined Offset

Standard Inside limit | Outside

deviations
+10 68.27% 31.73% 60.73% of population
2. 905.45%  4.55% , y
130 99.73% 0.27% SeTmVL3omy  189mV  5.67my
+4-0 99.9937%  0.0063%
£5.0 99.99994% 5.73-105 % "68.27% of population
+6-0 ~100% 1.97-107 %
/ Typical offset at ADC Input
Set end system Vost =+ (20 - Vosina)*+ Vosora) >+ (Vosans)?
specifications based on Vosr = +/ (20 - 80uV)2+(40uV)2+(1mV)?2
risk tolerance Vo7 = 1.887mV
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Gain Error CaICU IatiOn Absolute Worse Case Gain Error

Device PARAMETER MIN |[TYP MAX |UNITS | |Vosr = ERr1 + Egu1r + Egus

R1 Er |Tolerance |-0.1 +0.1 | % Vost = 0.1% + 0.6% + 0.01% = .71%

LMP8481 | E; | Gain Error |-0.6 +06 |% Statistical Worse Case Gain Error

ADS8860 | E;  Gain Error |-0.01 | +0.005 | +0.01 | % 5 5 5
VosT = \/(ERl) +(Egu1)“+(Egus)

Vosr = v (0.1%)24(0.6%)2+(0.01%)2= 0.608%

Vref AVDD DVDD
30V to 40V 5V
U1 Gain Error = 0.01% Max
LMP8481
0% u3
e —OPA320 1nF ADS8860
LOAD = - AGND DGND
Gain =20 J_ %7
Gain Error = 0.6% Max =
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Offset and Gain Calibration: two test signals

Two Precision Make sure
inputs applied amplifiers are
in linear range

Average code read

Avoid calibrating in

oV 3V 3V the non-linear regions
T T 1 N

vVref AVDD DVDD}y | /e
30V to 40V 5V
u1 ADC OUT1 =6580 3
LMP8481 220) ADC OUT2 = 59024 S
. 5 Two points in the linear
lin1 = 0A 0.01Q U2 u3 -g' region for calibration
lin2 = 20A — OPA320 1nF ADS8860 o
LOAD  —L0BV 0= g5y AGND  DGND 7 Input
Gain=20 Vout2 =4.5V 1 %7
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Calibration Example

FFFFy , Measured Slope Ideal Slope
65535 | Example calculation for Offset and Gain Error:
” Code, = 59024 Vin = 0.5V Apply 0A
'g ' Ving = 4.5V Apply 20A
,,U_, _ Code; — Code; 59024 — (6580) 13111 Compute Slope based
3 T Ve — Vi 45-05 on codes
= by = Code; —my, - Viy; = 6580 — 13111 0.5 = 245  Offset
@) VIN appliea = 2.0V Example Input
o Code = 26246 Output code
| 5
>
w o ViN uncar = Code - LSB = 26246 - 76.029uV = 2.002V  Uncalibrated 2mV error
8 Code; = 6580
> i Code —b,, 26246 — (24.5) Calibration eliminates
— | | | > N = = TETEE] = 2.0000V error
V|N1 VINZ 5.0V Mm
0.5 . 4.5 FSR
Input Test Signal
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Error Sources that are difficult to Calibrate

Temperature Dirift
Non-linearity

Long term shift (Aging)
Hysteresis

Noise

Vos (MV)

100

75

50

25

190 Typical Units Shown
Il

Tom

N ™
cralurc

c-
:l
[

\:\

N

-75 -50 -25

0 25 50
Temperature (°C)

s

100 125 150

Integral Nonlinearity (LSB)

Output Voltage Stability (ppm)

-0.5

Integral I{Ion-linearity

0.5

e,

4

0 512 1024 1536 2048 2560 3072 3584 4096
Code cots

250 T T

96 Units

SO-8Package | | gy #
200 =oiTy ¢
150

100

50

-50

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Hours

Wi» TEXAS INSTRUMENTS = 11



Thanks for your time!



Important notice and disclaimer

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE DESIGNS),
APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND
DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY IMPLIED WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate Tl
products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to Tl’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TlI’s provision of these resources does not expand or otherwise alter Tl’s applicable warranties or warranty disclaimers for
Tl products.
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