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ADS124x 24-Bit, 2-kSPS, Analog-To-Digital Converters With
Programmable Gain Amplifier (PGA) For Sensor Measurement
1 Features 3 Description

» Programmable Data Rates Up to 2 kSPS
Single-Cycle Settling for All Data Rates

Simultaneous 50-Hz and 60-Hz Rejection at 20
SPS

Analog Multiplexer With 8 (ADS1248) and 4
(ADS1247) Independently Selectable Inputs

Low-Noise PGA: 48 nVrys at PGA = 128

Dual-Matched Programmable Excitation Current
Sources

Low-Dirift Internal 2.048-V Reference:
10 ppm/°C (Maximum)
Sensor Burn-Out Detection

4 or 8 General-Purpose I/0s (ADS1247,
ADS1248)

Internal Temperature Sensor

Power Supply and Vggr Monitoring (ADS1247,
ADS1248)

Self and System Calibration
SPI™-Compatible Serial Interface

Analog Supply: Unipolar (2.7 V to 5.25 V) and
Bipolar (+2.5 V) Operation

Digital Supply: 2.7 Vt0 5.25 V

2 Applications
e Temperature Sensor Measurements:
— RTDs, Thermocouples, and Thermistors
* Pressure Measurements
*  Flow Meters
» Factory Automation and Process Controls

The ADS1246, ADS1247, and ADS1248 devices are
precision, 24-bit analog-to-digital converters (ADCS)
that include many integrated features to reduce
system cost and component count for sensor
measurement applications. The devices feature a
low-noise, programmable gain amplifier (PGA), a
precision delta-sigma (AX) ADC with a single-cycle
settling digital filter, and an internal oscillator. The
ADS1247 and ADS1248 devices also provide a built-
in, low-drift voltage reference, and two matched
programmable excitation current sources (IDACSs).

An input multiplexer supports four differential inputs
for the ADS1248, two for the ADS1247, and one for
the ADS1246. In addition, the multiplexer integrates
sensor burn-out detection, voltage bias for
thermocouples, system monitoring, and general
purpose digital 1/0s (ADS1247 and ADS1248). The
PGA provides selectable gains up to 128 V/V. These
features provide a complete front-end solution for
temperature sensor measurement applications
including thermocouples, thermistors, and resistance
temperature detectors (RTDs) and other small signal
measurements including resistive bridge sensors.
The digital filter settles in a single cycle to support
fast channel cycling when using the input multiplexer
and provides data rates up to 2 kSPS. For data rates
of 20 SPS or less, both 50-Hz and 60-Hz interference
are rejected by the filter.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
ADS1246 TSSOP (16) 5.00 mm x 4.40 mm
ADS1247 TSSOP (20) 6.50 mm x 4.40 mm
ADS1248 TSSOP (28) 9.70 mm x 4.40 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Simplified Schematic
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4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision G (October 2011) to Revision H Page

Added ESD Ratings table, Feature Description section, Device Functional Modes, Application and Implementation
section, Power Supply Recommendations section, Layout section, Device and Documentation Support section, and

Mechanical, Packaging, and Orderable INformation SECHON ...........ccciiiiiiiiiiii e e 1
* Updated Features and Description sections to include use in applications other than temperature measurement.............. 1
« Edited Device Comparison Table to include ADS1146, ADS1147, and ADS1148; changed title, deleted footnote ............. 4
« Merged all Pin Functions into one table, changed IOUT1 and IOUT2 to IEXC1 and IEXC2 to match figures...........ccc........ 6
« Changed compliance voltage for excitation current sources in Electrical Characteristics, now refers to Figure 41 and

Figure 42; changed initial error and initial mismatch to absolute error and absolute mismatch .............ccccceeviiiiiieniiieeeee 9
* Re-ordered elements in Timing Requirements tables, changed timing references t0 to k. ...ooooeeerrrrreeeiriiiieee e 11
« Changed order of Typical Characteristics curves to match order in Electrical Characteristics table..........ccccccoevvvvveeiinnen. 13
¢ Added cross-reference for Equation 1 in Noise Performance SECHON ...........uiiiiirieeiiiiiiiiiciiir e 21
LI Ofe T4 (=Toi (=To IV L[N To T T I o SO SRT PRI 22
« Modified Low-Noise PGA section to add more detail; added Table 7; added PGA Common-Mode Voltage

Requirements and PGA Common-Mode Voltage Calculation Example SECHONS .........ccoiuiiiriiiiriieeiiiee e 26
o Added fo k/fuop COUMN 10 TADIE O ..t e st e e e s ettt e e e s tb et e e s etbeeeeesaatbeeeaesantaeeeeeaassraeaanan 30
* Added cross-reference for Equation 15 to Power-Supply MONItOr SECHON.........cciiiiiiiiiiiiiiie e 35
e Added cross-reference for Equation 16 to External Voltage Reference MONItor SECON ............ccveviiieriiieniieeeniee e 35
e Added Device FUNCHONAI MOGES SECLION .....c.uiiiiuiieiiiee ittt eittee ettt ettt ettt este e e sbe e e s be e e sabe e e sabe e e s bt e e snbeeesnneeesnbeeesnteeesnneas 36
e Corrected values in Table 15 to remove extra 0 in 800000 ..........ooiuiiiiiiiiiiiie et e e beee e e e e 40
» Added text to Chip Select section to say that SCLK will force DRDY high, even with CS high.........cccoceveveceeievceeereeeenee, 41
« Added text to Data Output and Data Ready section to say that stop read data continuous mode is not compatible

With DRDY MODE SEE 0 L ..iiiiitiiiieiiiiiiie e eet it e e e ettt e e e s sttt e e e st bteeee s s tbeeeaeaastbeeaaeaassaeeeaeassbeeee e e ssseeaeeansbaseaeaansseeeeeaanssneanenanes 42
* Modified Figure 74 and Figure 75 to better show DIN transitions with respect to SCLK; replaced Figure 76 to better
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Revision History (continued)

show full command and DRDY/DOUT falling With NOP...............ccoiiiuieieeieieeeee et ee e s eest et ee e s s s s s s s s s seneneneneas 43
¢ Added more infomation to Data Format section; added FiQUIE 77 .........oooiiiiiie it e ettt e e e s st e e e s seraeeaeenes 44
¢ Added cross-reference for Figure 78 to0 COMMANAS SECHON.......c.cciiiiiiiiiiiiiiie e e s e s e e st e e e s st r e e e s eetbaeeaeaeanes 45
+ Modified Figure 78 to include CS status through SLEEP and WAKEUP COMMANG ............ccovoveviviieesrereeeeseseeseeseeeenns 46
« Updated Figure 79 and Figure 80 to show start of command EXECULION ...........ccoiiuiiieeeiiiiiere e e e e e eeaee e 46
¢ Added cross-reference for Figure 83 to0 COMMANAS SECHON.......c.cciiiiiiiiiiiiiiie e e s s e e s st e e e e s etbeeeaeseaees a7
¢ Removed figure for SDATAC (Stop Read Data ContinUOUS) COMMEANT .........eeeiiiiiiiiiiaeeiiieiea et e e e e e e e eaeee e e e e eneeeaaeanes 47
¢ Updated Figure 85 to show MUX1 as the start of the data byte for the given command and register location................... 48
¢ Updated Figure 86 to show start of calibration timing

¢ Updated Register Maps SECION t0 NEW FOIMI@L .......ooiuuiiiiieiiiiee ettt e e et e e e e et be e e e e e emtbe e e e e s anraneaaeeanneeeas

« Updated Application Information section. Included new typical applications for Ratiometric 3-Wire RTD
Measurement System and K-Type Thermocouple Measurement (—200°C to +1250°C) with Cold-Junction

(070] 101 0T=T g TST= o] o HU PRSPPI

¢ Updated Figure 112 and Figure 113 to better show timing information

¢ Removed Hardware-Compensated 3-Wire RTD Measurement appliCation SECHON ...........cceeeiiieiiiirerieeeniie e 76
Changes from Revision F (June 2011) to Revision G Page
LI Vo [0 [=To B o [0 =2 1 T PP P T PUPTRPPPR PPN 17
o Added FIgUure 41 and FIQUIE 42........cciiiiiiie e ittt e ettt e e e ettt e e e s tbee e e e s et b et e e e s s tbaeeeeaastbaeeaeaasseseeesaasaseeaesaasseseaesansbaeeaean 18
Changes from Revision E (December, 2010) to Revision F Page
« Added footnote to Full-scale input voltage specification in Electrical Characteristics table .............cccoocvvieiiiii e 8
¢ Added test condition for INL parameter of Electrical CharacCteriStiCS .........cuuoiuiiiiiiiiiiiee e 9
¢ Added tcgpy to minimum specification in Timing Characteristics for FIQUure ... 11
e Updated Figure 1 to show tcgpy timing

e Corrected grid and axis ValUEs fOr FIQUIE 29 ........ciiiiiiiiiiie ettt ettt e e e e e s et e e e e s et e e e e e s eabb e e e e e sasbbeeeessasbaaeeesensaees 16
e Corrected grid and axis ValUES fOr FIQUIE 30 .......cciiiiiiiiia ettt ettt e e et e e e e e e ettt e e e e e antae e e e e sanbeeeeeeaanneeeaasanneeas 16
LI O oo Eo1 (= To B o [N R T PP PP PU PR OPPP PPN 25
¢ Added details to Bias Voltage GENEratioN SECLONM ........cciiuiiiiiiie ittt e ettt e e b e e s abe e e sabe e e srbeeesabeeesabeeessbeeeaneeeennees 34
LI O7o T4 (=Tox (=T B 1= o] L= PSRRI 39
e Added details t0 CaliDratiOn SECHION ......ciuiiiiiiie ittt ettt e et e e bt e e e ebe e e et bt e e bb e e s be e e e bneenneeesnneas 39
¢ Added Equation 18 t0 CaliDration SECLON .........ooiuuiiiiiiie ittt e st e e s be e e s b e e be e e st e e e saaeeesabeeesnteeennneas 39
¢ Added section to Calibration COMIMANGS ..........ueiiie et ee et e e e ettt e e e e e tbe e e e e e antbeeeeaaanteeeaeeaanseeeeeeanneeeaeeannreeeas 40
e Added details to Digital INtEIfACE SECHOMN ........iiiiiii ittt et sb e nnr e e st e e et e e naneas 43
¢ Added Restricted command SPace t0 TaDIE 19 ......cciiiiiiiiiiiiie ettt e ans 45
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5 Device Comparison Table

PRODUCT |  RESOLUTION(its) | NUMBEROF | VOLTAGE | Sfipgen | packace
SOURCES
ADS1146 16 1 Differential External No TSSOP-16
ADS1147 16 4-Input Multiplexer | Internal or External Yes TSSOP-20
ADS1148 16 8-Input Multiplexer | Internal or External Yes -I;/SQSIS)NFBZS
ADS1246 24 1 Differential External No TSSOP-16
ADS1247 24 4-Input Multiplexer | Internal or External Yes TSSOP-20
ADS1248 24 8-Input Multiplexer | Internal or External Yes TSSOP-28
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6 Pin Configuration and Functions

PW Package
28-Pin TSSOP PW Package
TOp View 20-Pin TSSOP
Top View
@]
DVDD E 28 | SCLK O
DVDD II EI SCLK
DGND IZ 27 | DIN
DGND IZ EI DIN
CLK Iz 26 | DOUT/DRDY __
CLK Iz EI DOUT/DRDY
RESET IZ 25 | DRDY - N
RESET IZ ZI DRDY
REFPO/GPIO0 E 24| CS _
REFPO/GPIO0 E EI CS
REFNO/GPIO1 E 23 | START ADS1247
REFNO/GPIO1 IE EI START
REFP1 IZ 22 | AVDD
ADS1248 VREFOUT IZ E AVDD
REFN1 IE 21| AVSS
VREFCOM Iz EI AVSS
VREFOUT IE 20 | IEXCH
AINO/IEXC IE EI AIN3/IEXC/GPIO3
VREFCOM E 19| IEXC2
AIN1/IEXC E II AIN2/IEXC/GPIO2
AINO/IEXC E 18 | AINSG/IEXC/GPIO3
AIN1/IEXC E 17 | AIN2/IEXC/GPIO2
AIN4/IEXC/GPIO4 E 16 | AIN7/IEXC/GPIO7
AIN5/IEXC/GPIO5 E 15 | AIN6/IEXC/GPIO6
PW Package
16-Pin TSSOP
Top View
O
DVDD II 16 | SCLK
DGND IZ 15| DIN
CLK Iz 14 | DOUT/DRDY
RESET IZ 13 | DRDY
ADS1246 .
REFP E 12| CS
REFN IE 11 | START
AINP IZ 10 | AVDD
AINN IE 9 | AVSS
Copyright © 2008-2016, Texas Instruments Incorporated Submit Documentation Feedback 5
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Pin Functions
PIN
NAME ADS1248 | ADS1247 | ADS1246 TYPEW DESCRIPTION®
(TSSOP-28) | (TSSOP-20) | (TSSOP-16)
AINO/IEXC 11 9 — | Analog input 0, optional excitation current output
AIN1/IEXC 12 10 — | Analog input 1, optional excitation current output
AIN2/IEXC/GPIO2 17 11 . /o Analog input 2, optlorja_l ex_cnatlon currept output,
or general-purpose digital input/output pin 2
AIN3/IEXC/GPIO3 18 12 . /o Analog input 3, optional excitation current output,
or general-purpose digital input/output pin 3
Analog input 4, optional excitation current output,
AIN4/IEXC/GPIO4 13 - - Vo or general-purpose digital input/output pin 4
Analog input 5, optional excitation current output,
AINS/IEXC/GPIOS 14 - - Vo or general-purpose digital input/output pin 5
o o Analog input 6, optional excitation current output,
AING/IEXC/GPIO6 15 Vo or general-purpose digital input/output pin 6
AINT/IEXC/GPIO? 16 . . /o Analog input 7, opnona_l ex_cnatlon currer_]t output,
or general-purpose digital input/output pin 7
AINN — — 8 | Negative analog input
AINP — — 7 | Positive analog input
AVDD 2 14 10 P Positive analog power supply, connect a 0.1-pF capacitor to
AVSS
AVSS 21 13 9 P Negative analog power supply
External clock input, tie to DGND to activate the internal
CLK 3 3 3 ! oscillator
[ 24 16 12 I Chip select (active low)
DGND 2 2 2 G Digital ground
DIN 27 19 15 | Serial data input
DOUT/DRDY 26 18 14 o Serial data output or data output combined with data ready
DRDY 25 17 13 (0] Data ready (active low)
DVDD 1 1 1 P Digital power supply, connect a 0.1-uF capacitor to DGND
IEXC1 20 — — O Excitation current output 1
IEXC2 19 — — O Excitation current output 2
REFN — — 6 | Negative external reference input
Negative external reference input 0, or
REFNO/GPIO1 6 6 - Vo general-purpose digital input/output pin 1
REFN1 8 — — | Negative external reference input 1
REFP — — 5 | Positive external reference input
REEPO/GPIO0 5 5 o /o Positive external rgfgrence input 0, or
general-purpose digital input/output pin O
REFP1 7 — — | Positive external reference input 1
RESET 4 4 4 | Reset (active low)
SCLK 28 20 16 | Serial clock input
START 23 15 11 | Conversion start
Negative internal reference voltage output, connect to AVSS
VREFCOM 10 8 — O when using a unipolar supply or to the mid-voltage of the
power supply when using a bipolar supply
Positive internal reference voltage output, connect a capacitor
VREFOUT 9 7 - o in the range of 1-uF to 47-uF to VREFCOM

(1) G =Ground, | = Input, O = Output, P = Power
(2) See Unused Inputs and Outputs for unused pin connections.
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7 Specifications

7.1 Absolute Maximum Ratings®

MIN MAX UNIT
AVDD to AVSS -0.3 55
Power-supply voltage AVSS to DGND -2.8 0.3 \%
DVDD to DGND -0.3 55
Analog input voltage AINX, REFPx, REFNx, VREFOUT, VREFCOM, IEXC1, IEXC2 AVSS -0.3 AVDD +0.3 Y,
Digital input voltage SCLK, DIN, DOUT/DRDY, DRDY, CS, START, RESET, CLK DGND - 0.3 DVDD + 0.3 Y,
Continuous, any pin except power supply pins -10 10
Input current - - mA
Momentary, any pin except power supply pins -100 100
Junction, Ty 150
Temperature °C
Storage, Tsyg —60 150

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® +2000
Vesp) Electrostatic discharge Chargeg)device model (CDM), per JEDEC specification JESD22-C101, +500 \Y
all pins -

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
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7.3 Recommended Operating Conditions

Over operating ambient temperature range (unless otherwise noted)

| MIN NOM MAX UNIT
POWER SUPPLY
AVDD to AVSS 2.7 5.25
Analog power supply AVSS to DGND -2.65 0.1 \%
AVDD to DGND 2.25 5.25

Digital power supply DVDD to DGND 2.7 5.25 \%
ANALOG INPUTS®
Vin Differential input voltage Viane) — Veanny @ —Vger / Gain Vger / Gain \%
Vewm Common-mode input voltage (Ve + Vann) / 2 See Equation 3 \%
VOLTAGE REFERENCE INPUTS®
VRer Differential reference input voltage V(rerpx) — V(REFNX) 0.5 (AVDD - AVSS) - 1 \%
Vwrerny ~ Absolute negative reference voltage AVSS -0.1 V(rerpx) — 0.5 \%
Vrerpxyy  Absolute positive reference voltage Vrerny * 0.5 AVDD + 0.1 \%
EXTERNAL CLOCK INPUT®
foLk External clock frequency 1 4.5 MHz

External clock duty cycle 25% 75%
GENERAL-PURPOSE INPUTS/OUTPUTS (GPIO)

GPIO input voltage | \ AVSS AVDD| Vv
DIGITAL INPUTS

Digital input voltage | | DGND pvoD| Vv
TEMPERATURE RANGE
Ta Operating ambient temperature -40 125 °C

Specified ambient temperature -40 105 °C

(1) AINp and AINy denote the positive and negative inputs of the PGA.

(2) For Vger > 2.7 V, the differential input voltage must not exceed 2.7 V / Gain.
(3) REFPx and REFNx denote the differential reference input pair (ADS1246, ADS1247), or one of the two available differential reference

input pairs (ADS1248).

(4) External clock only required if the internal oscillator is not used.

7.4 Thermal Information

ADS1246 ADS1247 ADS1248
THERMAL METRIC® PW (TSSOP) | PW (TSSOP) | PW (TSSOP) UNIT

16 PINS 20 PINS 28 PINS
Rgia Junction-to-ambient thermal resistance 95.2 87.6 54.6 °CIW
Raic(top) Junction-to-case (top) thermal resistance 28.8 21.2 11.3 °CIW
Reis Junction-to-board thermal resistance 411 39.9 13 °C/W
Wit Junction-to-top characterization parameter 15 0.8 0.5 °C/W
Wig Junction-to-board characterization parameter 40.4 39.2 12.7 °C/W
Raic(bot) Junction-to-case (bottom) thermal resistance n/a n/a n/a °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.
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7.5 Electrical Characteristics

Minimum and maximum specifications apply from T, = —40°C to 105°C. Typical specifications are at T, = 25°C.
All specifications are at AVDD =5V, DVDD = 3.3V, AVSS =0V, external Vggr = 2.048 V, and f; «x = 4.096 MHz (unless

otherwise noted).

PARAMETER | TEST CONDITIONS MIN TYP MAX ‘ UNIT
ANALOG INPUTS
Differential input current 100 pA
Absolute input current See Table 8
PGA
PGA gain settings 1,2,4,8,16, 32, 64, 128 VIV
SYSTEM PERFORMANCE
Resolution 24 Bits
DR Data rate 5, 10, 20, 40, 80, 160, 320, 640, 1000, 2000 SPS
ADC conversion time Single-cycle settling
INL Integral nonlinearity g:ﬁrinf’a\l/rjit’;g(\j/pOint fit, 6 15 ppm
Vio Offset voltage (input referred) After calibration® -15 15 uv
Offset drift See Figure 9 to Figure 12
Gain error E‘,‘fff;%pag%g"‘ss,ss, or 160 SPS -0.02%  +0.005% 0.02%
Gain drift See Figure 17 to Figure 20
Noise See Table 1 to Table 4
NMRR Normal-mode rejection See Table 10
CMRR Common-mode rejection ALDC, Ga?n =1 8 %© dB
At DC, Gain = 32 90 125
PSRR Power-supply rejection g\;?ﬂ/ag?’gg s 100 135 dB
VOLTAGE REFERENCE INPUTS
Reference input current 30 nA
INTERNAL VOLTAGE REFERENCE
VRer Internal reference voltage 2.038 2.048 2.058 \Y
Reference dift® Ta = 25°C to 105°C 2 10| ppm/°C
Ta = —40°C to 105°C 6 15| ppm/°C
Output current® -10 10 mA
Load regulation 50 pV/mA
Start-up time See Table 11
INTERNAL OSCILLATOR
Internal oscillator frequency 3.89 4.096 4.3 MHz
EXCITATION CURRENT SOURCES (IDACs)
Output current settings 50, 100, 250, 500, 750, 1000, 1500 HA
Compliance voltage All currents See Figure 41 and Figure 42
Absolute error All currents, each IDAC —6% +1% 6%
Absolute mismatch All currents, between IDACs +0.15%
Temperature drift Each IDAC 100 ppm/°C
Temperature drift matching Between IDACs 10 ppm/°C
BURN-OUT CURRENT SOURCES
Burn-out current source settings 0.5, 2,10 MA

(1) Offset calibration on the order of noise.

(2) Specified by the combination of design and final production test.
(3) Do not exceed this loading on the internal voltage reference.
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Electrical Characteristics (continued)

Minimum and maximum specifications apply from T, = —40°C to 105°C. Typical specifications are at T, = 25°C.
All specifications are at AVDD =5V, DVDD = 3.3V, AVSS =0V, external Vggr = 2.048 V, and fc «x = 4.096 MHz (unless

otherwise noted).

PARAMETER | TEST CONDITIONS MIN TYP MAX ‘ UNIT
BIAS VOLTAGE
Bias voltage (AVDD + AVSS) / 2 \Y
Bias voltage output impedance 400 Q
TEMPERATURE SENSOR
Output voltage Ta=25°C 118 mvV
Temperature coefficient 405 pv/°eC
GENERAL-PURPOSE INPUTS/OUTPUTS (GPIO)
Vi Low-level input voltage AVSS 0.3 x AVDD \Y
Vi{ High-level input voltage 0.7 x AVDD AVDD \%
Vo Low-level output voltage loo=1mA 0.2 x AVDD \%
VoH High-level output voltage loy =1 mA 0.8 x AVDD \%
DIGITAL INPUTS/OUTPUTS (other than GPIO)
Vi Low-level input voltage DGND 0.3 x DVDD \Y
Viy High-level input voltage 0.7 x DVDD DVDD \Y
Voo Low-level output voltage loo=1mA DGND 0.2 x DVDD \%
Von High-level output voltage lon =1 mA 0.8 x DVDD \%
Input leakage DGND < V) < DVDD -10 10 HA
POWER SUPPLY
Power-down mode 0.1
Converting, AVDD = 3.3V, 200
DR = 20 SPS, external reference
IavoD Analog supply current Converting, AVDD = 5V, 5 HA
DR = 20 SPS, external reference
Additional current with internal reference 180
enabled
Power-down mode 0.2
Normal operation, DVDD = 3.3V, 210
Ibvbp Digital supply current DR = 20 SPS, internal oscillator HA
Normal operation, DVDD =5V, 230
DR = 20 SPS, internal oscillator
AVDD =DVDD =5V,
DR = 20 SPS, internal oscillator, external 2.3
L reference
Pp Power dissipation mw
AVDD =DVDD =3.3V,
DR = 20 SPS, internal oscillator, external 14
reference
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7.6 Timing Requirements
At T, = —40°C to 105°C and DVDD = 2.7 V to 5.5 V (unless otherwise noted)

PARAMETER | MIN NOM MAX UNIT

SERIAL INTERFACE (SEE Figure 1 AND Figure 2)
tcssc Delay time, First SCLK rising edge after CS falling edge 10 ns
tsces Delay time, CS rising edge after final SCLK falling edge 7 tok®
tcspw Pulse duration, CS high 5 tok

. 488 ns
sctk SCLK period 64| Conversions
tspwH Pulse duration, SCLK high 0.25 0.75 tscLk
tspwiL Pulse duration, SCLK low 0.25 0.75 tscLk
toisT Setup time, DIN valid before SCLK falling edge 5 ns
tDIHD Hold time, DIN valid after SCLK falling edge 5 ns
tsto Setup time, SCLK low before DRDY rising edge 5 tok
tors Delay time, SCLK rising edge after DRDY falling edge 1 tok
MINIMUM START TIME PULSE DURATION (SEE Figure 3)
tsTART Pulse duration, START high ‘ 3 toik
RESET PULSE DURATION, SERIAL INTERFACE COMMUNICATION AFTER RESET (SEE Figure 4)
tRESET Pulse duration, RESET low 4 toik
tarsc Delay time, SCLK rising edge (start of serial interface communication) 06? ms

after RESET rising edge
(1) tck =1/ fck. The default clock frequency fc k = 4.096 MHz.
(2) Applicable only when fc x = 4.096 MHz, scales proportionally with fc  frequency.
7.7 Switching Characteristics
At T, =—40°C to 105°C and DVDD = 2.7 V to 5.5 V (unless otherwise noted; see Figure 1 and Figure 2)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
toorD gg)ﬂ?g_at_ion delay time, DVDD =36V 50 ns
rising edge to valid new DOUT DVDD > 3.6 V 180
tboHD DOUT hold time 0 ns
tesoo %)p_a_gation delay time, o 10 ns
rising edge to DOUT high impedance

tpwH Pulse duration, DRDY high 3 toLk
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cs ‘ cc I<tCSPW=!
J)
> [*tessc < fsei » :tspWHy | —»  [®tsces
SCLK [ [ |
toist| toimp < >
<Pt » tspwi ¢
DIN DIN[O] DIN[7] DIN[6] [X DIN[S] X DIN[4] DIN[1] X DIN[O]
)
—» |4 tpopp { tooHp
DOUT/DRDY —CX pouT7] X DoUT[6] Y DOUT[5] XDouTi4)? X DouTii] X bouTio])
) —»| 4 tcspo

Figure 1. Serial Interface Timing, DRDY MODE Bit =0

tors

(1) This timing diagram is applicable only when the CS pin is low. SCLK does not need to be low during tstp when CS is
high.

(2) SCLK must only be sent in multiples of eight during partial retrieval of output data.

Figure 2. Serial Interface Timing to Allow Conversion Result Loading

START — tsTART —]

Figure 3. Minimum Start Pulse Duration

{(

tFiESET )Y
RESET

((
))

SCLK " [ ]

trusc

Figure 4. Reset Pulse Duration and Serial Interface Communication After Reset
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7.8 Typical Characteristics

At T, = 25°C, AVDD =5V, AVSS = 0V, and external Vgee = 2.5 V (unless otherwise noted)

-40 -20 0 20 40 60 80 100 120
Temperature (°C)

Figure 9. Offset vs Temperature

8 8
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6 //.\\\ Data Rate = 20SPS 6 W Data Rate = 20SPS
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g_ \ g -2
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-6 -8
L
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Figure 5. Integral Nonlinearity vs Input Signal Figure 6. Integral Nonlinearity vs Input Signal
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Figure 7. Integral Nonlinearity vs Input Signal Figure 8. Integral Nonlinearity vs Input Signal
4 I I 8 T T
AVDD =5V N AVDD =5V
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E s 4
3 3 N
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Figure 10. Offset vs Temperature
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, AVSS =0V, and external Vgee = 2.5 V (unless otherwise noted)

8 15
6 AVDD = 5V AVDD =5V
Data Rate = 640SPS 10 \ Data Rate = 2kSPS
|
s ¢ S b
S 2 e
‘g 0 Bty Y PGA ? 32 "g 5
= =
g » \\ -'-—-—-._+ 8 et ERN
g 4 \ PGA = 128 g 0 t‘%, — PGA = 32—
2 N\ 2 ===
o _g N o
o N T -5 PGA = 128
E Fl
2 PGA =1 2
= -10 = -10 w
12 — PGA =1
-14 -15 |
-40 -20 0 20 40 60 80 100 120 -40 -20 0 20 40 60 80 100 120
Temperature (°C) Temperature (°C)
Figure 11. Offset vs Temperature Figure 12. Offset vs Temperature
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Figure 13. Offset vs Temperature Figure 14. Offset vs Temperature
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Data Rate = 640SPS 6 [ Data Rate = 2kSPS
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Figure 15. Offset vs Temperature Figure 16. Offset vs Temperature
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, AVSS =0V, and external Vgee = 2.5 V (unless otherwise noted)

0.05 0.03 ‘ ‘
0.04 \ AVDD = 5V
' ~ PGA = 1 0.02 Data Rate = 160SPS
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002 - . 0.01 \ =
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w Iy 1]
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Data Rate = 20SPS
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-40 -20 0 20 40 60 80 100 120 -40 -20 0 20 40 60 80 100 120
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Figure 17. Gain Error vs Temperature Figure 18. Gain Error vs Temperature
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Figure 19. Gain Error vs Temperature Figure 20. Gain Error vs Temperature
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Figure 21. Gain Error vs Temperature Figure 22. Gain Error vs Temperature
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, AVSS =0V, and external Vgee = 2.5 V (unless otherwise noted)
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Figure 23. Gain Error vs Temperature Figure 24. Gain Error vs Temperature
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Figure 25. Noise Histogram Plot Figure 26. Noise Histogram Plot
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Figure 27. Noise Histogram Plot Figure 28. Noise Histogram Plot
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, AVSS =0V, and external Vgee = 2.5 V (unless otherwise noted)
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Figure 29. RMS Noise vs Input Signal Figure 30. RMS Noise vs Input Signal
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Figure 31. CMRR vs Temperature Figure 32. Power-Supply Rejection vs Gain
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Figure 33. Internal Ve Initial Accuracy Histogram Figure 34. Internal Vger vs Temperature
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, AVSS =0V, and external Vgee = 2.5 V (unless otherwise noted)

3.0
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Figure 35. Internal Reference Long-Term Drift Figure 36. Data Rate Error vs Temperature
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Figure 37. IDAC Initial Accuracy Histogram Figure 38. IDAC Mismatch Histogram
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Figure 39. IDAC Line Regulation Figure 40. IDAC Drift
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, AVSS =0V, and external Vgee = 2.5 V (unless otherwise noted)
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Figure 41. IDAC Voltage Compliance Figure 42. IDAC Voltage Compliance
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Figure 43. Analog Supply Current vs Data Rate Figure 44. Digital Supply Current vs Data Rate
800 " T 330
AVDD = 5V 2kSPS DVDD = 5V
< T 320/640/1kSPS < 290 S
T 500 2 p— 320/640/1kSPS
o = \ —
o — 40/80/160SPS S 270
5 400 ] g
S 4 =
=S T | 5/10 2(‘)SPS S 250 al —
8 300 —r—] [10/ e —| /E/’
© I, S —" | —
< 00 — T & 230
////i 40/80/160SPS
5/10/20SPS
0 190 ‘
-40 -20 0 20 40 60 80 100 120 -40 -20 0 20 40 60 80 100 120
Temperature (°C) Temperature (°C)
Figure 45. Analog Supply Current vs Temperature Figure 46. Digital Supply Current vs Temperature

Copyright © 2008-2016, Texas Instruments Incorporated

Submit Documentation Feedback 19

Product Folder Links: ADS1246 ADS1247 ADS1248


http://www.ti.com/product/ads1246?qgpn=ads1246
http://www.ti.com/product/ads1247?qgpn=ads1247
http://www.ti.com/product/ads1248?qgpn=ads1248
http://www.ti.com
http://www.ti.com/product/ads1246?qgpn=ads1246
http://www.ti.com/product/ads1247?qgpn=ads1247
http://www.ti.com/product/ads1248?qgpn=ads1248
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS426H&partnum=ADS1246

ADS1246, ADS1247, ADS1248
SBAS426H —~AUGUST 2008—REVISED MARCH 2016

13 TEXAS
INSTRUMENTS

www.ti.com

Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, AVSS =0V, and external Vgee = 2.5 V (unless otherwise noted)
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Figure 47. Analog Supply Current vs Temperature Figure 48. Digital Supply Current vs Temperature
20 Submit Documentation Feedback Copyright © 2008-2016, Texas Instruments Incorporated

Product Folder Links: ADS1246 ADS1247 ADS1248



http://www.ti.com/product/ads1246?qgpn=ads1246
http://www.ti.com/product/ads1247?qgpn=ads1247
http://www.ti.com/product/ads1248?qgpn=ads1248
http://www.ti.com
http://www.ti.com/product/ads1246?qgpn=ads1246
http://www.ti.com/product/ads1247?qgpn=ads1247
http://www.ti.com/product/ads1248?qgpn=ads1248
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS426H&partnum=ADS1246

13 TEXAS
INSTRUMENTS
ADS1246, ADS1247, ADS1248

www.ti.com SBAS426H —AUGUST 2008 —REVISED MARCH 2016

8 Parameter Measurement Information

8.1 Noise Performance

The ADC noise performance is optimized by adjusting the data rate and PGA setting. Generally, the lowest input-
referred noise is achieved using the highest gain possible, consistent with the input signal range. Do not set the
gain too high or the result is ADC overrange. Noise also depends on the output data rate. As the data rate
reduces, the ADC bandwidth correspondingly reduces. This reduction in total bandwidth results in lower overall
noise. Table 1 to Table 6 summarize the noise performance of the device. The data are representative of typical
noise performance at T, = 25°C. The data shown are the result of averaging the readings from multiple devices
and were measured with the inputs shorted together. A minimum of 128 consecutive readings were used to
calculate the root mean square (RMS) and peak-to-peak (PP) noise for each reading.

Table 1, Table 3, and Table 5 list the input-referred noise in units of yVgys and pVpp for the conditions shown.
Table 2, Table 4, and Table 6 list the corresponding data in units of ENOB (effective number of bits) where
ENOB for the RMS noise is defined as in Equation 1:

ENOB = In((2 - Vree/Gain) / Vyrus) / IN(2)
where Vyrus = Input referred RMS noise voltage 1)
ENOB for the peak-to-peak noise is calculated with the same method.

Table 3 to Table 6 use the internal reference available on the ADS1247 and ADS1248. The data are also
representative of the ADS1246 noise performance when using a low-noise external reference such as the
REF5025 or the REF5020.

Table 1. Noise in pVgus and (UVpp)
at AVDD =5V, AVSS =0V, and External Reference =25V

DATA PGA SETTING
RATE
(SPS) 1 2 4 8 16 32 64 128
5 1.1 (4.99) 0.68 (3.8) 0.37(1.9) | 0.19(0.98) | 0.1(0.44) | 0.07(0.31) | 0.05(0.27) | 0.05(0.21)
10 1.53 (8.82) 0.82 (3.71) 0.5(2.69) | 027(1.33) | 0.15(0.67) | 0.08(0.5) | 0.06(0.36) | 0.07(0.34)
20 2.32 (13.37) 1.23(6.69) | 0.71(3.83) | 034(1.9) | 0.18(1.01) | 0.12(0.71) | 0.10(0.51) | 0.09 (0.54)
40 2.72 (17.35) 1.33(7.65) | 0.68(3.83) | 0.38(2.21) | 0.22(1.13) | 0.14(0.77) | 0.15(0.78) | 0.14 (0.76)
80 3.56 (22.67) 1.87 (12.3) | 0.81(5.27) | 0.5(3.49) 0.3(1.99) | 0.19(1.24) | 0.19(1.16) | 0.18 (1.04)
160 526 (42.03) | 2.52(17.57) | 1.32(9.22) | 0.67(5.25) | 0.41(2.89) | 0.26(1.91) | 0.27 (1.74) | 0.26 (1.74)
320 9.39 (74.91) | 4.68(39.48) | 2.69 (18.95) | 1.24(9.94) | 0.68(5.25) | 0.45(3.08) | 0.38(2.71) | 0.36 (2.46)
640 | 13.21(119.66) | 6.93(59.31) | 3.59 (28.55) | 1.53(10.68) | 0.95(8.7) | 0.63(4.94) | 053(3.74) | 0.5 (3.55)
1000 | 32.34 (443.91) | 16.11 (185.67) | 11.54 (92.23) | 4.65 (37.55) | 2.02 (23.14) | 1.15(12.29) | 0.77 (7.42) | 0.64 (4.98)
2000 | 32.29 (372.54) | 15.99 (182.27) | 8.02 (91.73) | 4.08 (45.89) | 2.19 (24.14) | 1.36 (12.32) | 1.08(8.03) | 1.0 (6.93)
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Table 2. Effective Number of Bits from RMS Noise and (Peak-to-Peak Noise)

at AVDD =5V, AVSS =0V, and External Reference =25V

DATA PGA SETTING
RATE
(SPS) 1 2 4 8 16 32 64 128
5 22.1 (19.9) 21.8 (19.3) 21.7 (19.3) 21.6 (19.3) 21.6 (19.4) 21.1 (18.9) 20.6 (18.1) 19.6 (17.5)
10 21.6 (19.1) 21.5 (19.4) 21.3 (18.8) 21.1 (18.8) 21 (18.8) 20.9 (18.3) 20.3 (17.7) 19.1 (16.8)
20 21 (18.5) 21 (18.5) 20.7 (18.3) 20.8 (18.3) 20.7 (18.2) 20.3 (17.7) 19.6 (17.2) 18.7 (16.1)
40 20.8 (18.1) 20.8 (18.3) 20.8 (18.3) 20.6 (18.1) 20.4 (18.1) 20.1 (17.6) 19 (16.6) 18.1 (15.6)
80 20.4 (17.8) 20.4 (17.6) 20.6 (17.9) 20.3 (17.5) 20 (17.3) 19.6 (16.9) 18.6 (16) 17.7 (15.2)
160 19.9 (16.9) 19.9 (17.1) 19.9 (17) 19.8 (16.9) 19.5 (16.7) 19.2 (16.3) 18.1 (15.5) 17.2 (14.5)
320 19 (16) 19 (16) 18.8 (16) 18.9 (15.9) 18.8 (15.9) 18.4 (15.6) 17.6 (14.8) 16.7 (14)
640 18.5 (15.4) 18.5 (15.4) 18.4 (15.4) 18.6 (15.8) 18.3 (15.1) 17.9 (14.9) 17.2 (14.4) 16.3 (13.4)
1000 17.2 (13.5) 17.2 (13.7) 16.7 (13.7) 17 (14) 17.2 (13.7) 17.1 (13.6) 16.6 (13.4) 15.9 (12.9)
2000 17.2 (13.7) 17.3 (13.7) 17.2 (13.7) 17.2 (13.7) 17.1 (13.7) 16.8 (13.6) 16.1 (13.2) 15.3 (12.5)
Table 3. Noise in gVgus and (MVpp)
at AVDD =5V, AVSS =0V, and Internal Reference = 2.048 V
DATA PGA SETTING
RATE
(SPS) 1 2 4 8 16 32 64 128
5 1.35 (7.78) 0.7 (4.17) 0.35 (2.03) 0.17 (0.95) 0.1 (0.53) 0.06 (0.32) | 0.05(0.31) | 0.05(0.29)
10 1.8 (10.82) 0.88 (5.26) 0.5 (2.75) 0.24 (1.47) 0.13 (0.8) 0.09 (0.49) | 0.07 (0.39) 0.07 (0.4)
20 2.62 (14.32) 1.22 (7.05) 0.66 (3.88) 0.35(2.05) | 0.19(1.09) | 0.12 (0.66) 0.1 (0.61) 0.1 (0.55)
40 2.64 (16.29) 1.34 (7.75) 0.69 (4.06) 0.35(2.07) | 0.21(1.15) | 0.15(0.85) | 0.14 (0.81) | 0.13(0.75)
80 3.69 (23.62) 1.82 (10.81) 0.89 (5.48) 0.51 (2.68) 0.3 (1.69) 0.21 (1.32) 0.2 (1.09) 0.18 (0.98)
160 5.7 (35.74) 2.63 (16.9) 1.34 (8.82) 0.68 (4.24) 0.4 (2.65) 0.3 (1.92) 0.28 (1.88) | 0.26 (1.57)
320 9.67 (67.44) 4.95 (35.3) 2.59 (17.52) 1.29 (8.86) | 0.72(4.35) | 0.49 (3.03) 0.4 (2.44) 0.37 (2.34)
640 13.66 (93.06) 7.04 (45.2) 3.63(18.73) | 1.84 (12.97) | 1.02 (6.51) 0.68 (4.2) 0.58 (3.69) 0.53 (3.5)
1000 | 31.18 (284.59) | 16 (129.77) 7.58 (61.3) | 3.98(33.04) | 2.08 (16.82) | 1.16(9.08) | 0.83(5.42) | 0.68 (4.65)
2000 | 31.42 (273.39) | 15.45 (130.68) | 8.07 (67.13) | 4.06 (36.16) | 2.29 (19.22) | 1.38(9.87) | 1.06 (6.93) 1.0 (6.48)
Table 4. Effective Number of Bits from RMS Noise and (Peak-to-Peak Noise)
at AVDD =5V, AVSS =0V, and Internal Reference = 2.048 V
DATA PGA SETTING
RATE
(SPS) 1 2 4 8 16 32 64 128
5 21.5 (19) 21.5(18.9) 21.5 (18.9) 21.5 (19) 21.3 (18.9) 21 (18.6) 20.2 (17.7) 19.2 (16.8)
10 21.1 (18.5) 21.1 (18.6) 21 (18.4) 21 (18.4) 20.9 (18.3) 20.5 (18) 19.8 (17.3) 18.7 (16.3)
20 20.6 (18.1) 20.7 (18.1) 20.6 (18) 20.5 (17.9) 20.4 (17.8) 20.1 (17.6) 19.2 (16.7) 18.3 (15.8)
40 20.6 (17.9) 20.5 (18) 20.5 (17.9) 20.5 (17.9) 20.2 (17.8) 19.7 (17.2) 18.8 (16.3) 17.9 (15.4)
80 20.1 (17.4) 20.1 (17.5) 20.1 (17.5) 20 (17.5) 19.7 (17.2) 19.2 (16.6) 18.3 (15.8) 17.5 (15)
160 19.5 (16.8) 19.6 (16.9) 19.5 (16.8) 19.5 (16.9) 19.3 (16.6) 18.7 (16) 17.8 (15.1) 16.9 (14.3)
320 18.7 (15.9) 18.7 (15.8) 18.6 (15.8) 18.6 (15.8) 18.4 (15.8) 18 (15.4) 17.3 (14.7) 16.4 (13.7)
640 18.2 (15.4) 18.1 (15.5) 18.1 (15.7) 18.1 (15.3) 17.9 (15.3) 17.5 (14.9) 16.8 (14.1) 15.9 (13.2)
1000 17 (13.8) 17 (13.9) 17 (14) 17 (13.9) 16.9 (13.9) 16.8 (13.8) 16.2 (13.5) 15.5 (12.7)
2000 17 (13.9) 17 (13.9) 17 (13.9) 16.9 (13.8) 16.8 (13.7) 16.5 (13.7) 15.9 (13.2) 15 (12.3)
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Table 5. Noise in gVgus and (MVpp)
at AVYDD =3V, AVSS =0V, and Internal Reference = 2.048 V

DATA PGA SETTING
RATE
(SPS) 1 2 4 8 16 32 64 128
5 2.5 (14.24) 1.32 (6.92) 0.67 (3.48) | 0.32(1.68) 0.17 (0.9) 0.09 (0.51) | 0.08(0.42) | 0.07 (0.39)
10 3.09 (16.85) 1.69 (9.32) 0.82(4.68) | 0.42(2.41) | 0.23(1.18) | 0.11(0.63) | 0.11(0.66) 0.1 (0.55)
20 4.55 (24.74) 2.19 (12.82) 1.07 (5.94) | 0.55(3.38) | 0.28 (1.66) 0.16 (1.0) 0.15(0.92) | 0.14(0.87)
40 5.06 (34.59) 2.39 (14.49) 1.27 (7.75) | 0.66 (4.01) | 0.36(2.18) | 0.21(1.16) | 0.21(1.27) | 0.15(0.84)
80 6.63 (43.46) 3.28(20.22) | 1.79 (10.64) | 0.89(5.48) | 0.47(2.95) | 0.29(1.63) | 0.28(1.64) | 0.21(1.24)
160 9.75(68.28) | 4.89(32.19) | 2.36 (17.74) | 1.26 (9.87) | 0.65 (4.77) 0.4 (2.6) 0.4 (2.7) 0.3 (2.12)
320 19.22 (140.06) | 9.8 (82.24) | 4.81(32.74) | 2.47 (18.59) | 1.27 (9.45) | 0.71 (5.83) 0.5 (3.36) 0.43 (2.86)
640 27.07 (192.96) | 13.54 (100.26) | 6.88 (49.07) | 3.4(25.93) | 1.76 (12.49) | 1.02(7.49) | 0.71 (4.81) 0.6 (4.06)
1000 | 40.83 (388.28) | 20.39 (185.96) | 10.39 (89.38) | 5.09 (43.28) | 2.66 (22.78) | 1.45(11.01) | 0.93(6.74) | 0.74 (4.86)
2000 | 42.06 (322.85) | 21.15 (166.75) | 10.66 (92.68) | 5.61 (44.08) | 2.92 (23.06) | 1.68 (11.71) | 1.19(8.23) | 1.05 (6.97)
Table 6. Effective Number of Bits from RMS and (Peak-to-Peak Noise)
at AVDD =3V, AVSS =0V, and Internal Reference = 2.048 V
DATA PGA SETTING
RATE
(SPS) 1 2 4 8 16 32 64 128
5 20.6 (18.1) 20.6 (18.2) | 20.5(18.2) 20.6 (18.2) 20.5 (18.1) 20.4 (17.9) 19.6 (17.2) 18.8 (16.3)
10 20.3 (17.9) 20.2 (17.7) | 20.3(17.7) 20.2 (17.7) 20.1 (17.7) 20.1 (17.6) 19.1 (16.6) 18.3 (15.8)
20 19.8 (17.3) 19.8 (17.3) 19.9 (17.4) 19.8 (17.2) 19.8 (17.2) 19.6 (17) 18.7 (16.1) 17.8 (15.2)
40 19.6 (16.9) 19.7 (17.1) 19.6 (17.0) 19.6 (17) 19.5 (16.8) 19.2 (16.8) 18.2 (15.6) 17.7 (15.2)
80 19.2 (16.5) 19.3 (16.6) 19.1 (16.6) 19.1 (16.5) 19 (16.4) 18.7 (16.3) 17.8 (15.3) 17.2 (14.7)
160 18.7 (15.9) 18.7 (16) 18.7 (15.8) 18.6 (15.7) 18.6 (15.7) 18.3 (15.6) 17.3 (14.5) 16.7 (13.9)
320 17.7 (14.8) 17.7 (14.6) 17.7 (14.9) 17.7 (14.7) 17.6 (14.7) 17.5 (14.4) 17 (14.2) 16.2 (13.4)
640 17.2 (14.4) 17.2 (14.3) 17.2 (14.3) 17.2 (14.3) 17.1 (14.3) 16.9 (14.1) 16.5 (13.7) 15.7 (12.9)
1000 16.6 (13.4) 16.6 (13.4) 16.6 (13.5) 16.6 (13.5) 16.6 (13.5) 16.4 (13.5) 16.1 (13.2) 15.4 (12.7)
2000 16.6 (13.6) 16.6 (13.6) 16.6 (13.4) 16.5 (13.5) 16.4 (13.4) 16.2 (13.4) 15.7 (12.9) 14.9 (12.2)
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9 Detailed Description

9.1 Overview

The ADS1246, ADS1247 and ADS1248 devices are highly integrated 24-bit data converters. The devices include
a low-noise, high-input impedance programmable gain amplifier (PGA), a delta-sigma (AX) ADC with an

adjustable single-cycle settling digital filter, internal oscillator, and an SPI-compatible serial interface.

The ADS1247 and ADS1248 also include a flexible input multiplexer with system monitoring capability and
general-purpose I/O settings, a very low-drift voltage reference, and two matched current sources for sensor

excitation. Figure 49 and Figure 50 show the various functions incorporated in each device.

9.2 Functional Block Diagram

AVDD REFP REFN DVDD
O—C0
Burnout
Detect ADS1246
SCLK
\ DIN
/ Serial NeTewva
DRDY
AINP Inout 3rd Order Adjustable Interface
[ M?Jx PGA As | Digtaa | And DOUT/DRDY
AINN Modulator Filter Control [
/ N START
RESET
Internal Oscillator
Burnout
Detect

AVSS CLK DGND
Figure 49. ADS1246 Block Diagram
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Figure 50. ADS1247, ADS1248 Block Diagram
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9.3 Feature Description

9.3.1 ADC Input and Multiplexer

The ADC measures the input signal through the onboard PGA. All analog inputs are connected to the internal
AINp or AINy analog inputs through the analog multiplexer. Figure 51 shows a block diagram of the analog input
multiplexer.

The input multiplexer connects to eight (ADS1248) or four (ADS1247) analog inputs. Any analog input pin can be
selected as the positive input or negative input through the MUXO register, while the ADS1246 has AINP and
AINN connections for a single differential channel. The multiplexer also allows the on-chip excitation current and
bias voltage to be selected to a specific channel.

Through the input multiplexer, the ambient temperature (internal temperature sensor), AVDD, DVDD, and
external reference are all selectable for measurement. See System Monitor for details.

On the ADS1247 and ADS1248, the analog inputs can also be configured as general-purpose inputs and outputs
(GPIOs). See General-Purpose Digital 1/0 for more details.

IDAC2 | IDAC1

System Monitors
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! 1
1
! I
1
| |
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? % : »—/T »—/T : / S o s 1 1
AINO ¢ e i ® o e ~  ° !
AVSS AVDD | i Q veiAs ° L Rerp Temperature
1 1 ; Diode 1
AN ? % I '”/T '”/T | / o—¢ 4 | 0—O0 VREFN i
R T R B R M | :
1 ¥ o L L \
1 | 1 - 1
1 | —I1—" O 1
————————————————————— 1 ————————————— 1 1
1 1 1
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i i % o e / : L | 0—O VREFN1/4 !
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I AING ! ] ' AVDD
2 - A
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Figure 51. Analog Input Multiplexer Circuit
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ESD diodes protect the ADC inputs. To prevent these diodes from turning on, make sure the voltages on the
analog input pins do not drop below AVSS by more than 100 mV, and do not exceed AVDD by more than 100
mV, as shown in Equation 2. The same caution is true if the inputs are configured to be GPIOs.

AVSS — 100 MV < V(anx < AVDD + 100 mV )

9.3.2 Low-Noise PGA

The ADS1246, ADS1247, and ADS1248 feature a low-drift, low-noise, high input impedance programmable gain
amplifier (PGA). The PGA can be set to gains of 1, 2, 4, 8, 16, 32, 64, or 128 by register SYSO0. Figure 52 shows
a simplified diagram of the PGA.

The PGA consists of two chopper-stabilized amplifiers (A1 and A2) and a resistor feedback network that sets the
gain of the PGA. The PGA input is equipped with an electromagnetic interference (EMI) filter, as shown in
Figure 52. Note that as with any PGA, ensure that the input voltage stays within the specified common-mode
input range. The common-mode input voltage (V) must be within the range shown in Equation 3.

[AVSS +0.1V+M]S VCM S(AVDD —01V - V|NMAX~Ga|nJ

2 ©)

454 Q

7.5 pF

Figure 52. Simplified Diagram of the PGA

Gain is changed inside the device using a variable resistor, Rg. The differential full-scale input voltage range
(FSR) of the PGA is defined by the gain setting and the reference voltage used, as shown in Equation 4.

FSR = +Vgee / Gain 4
Table 7 shows the corresponding full-scale input ranges when using the internal 2.048-V reference.

Table 7. PGA Full-Scale Range

PGA GAIN SETTING FSR
1 +2.048 V
2 +1.024 V
4 +0.512 V
8 +0.256 V
16 +0.128 V
32 +0.064 V
64 +0.032 V
128 +0.016 V
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9.3.2.1 PGA Common-Mode Voltage Requirements

To stay within the linear operating range of the PGA, the input signals must meet certain requirements that are
discussed in this section.

The outputs of both amplifiers (A1 and A2) in Figure 52 can not swing closer to the supplies (AVSS and AVDD)
than 100 mV. If the outputs OUTp and OUTy are driven to within 100 mV of the supply rails, the amplifiers
saturate and consequently become nonlinear. To prevent this nonlinear operating condition, the output voltages
must meet Equation 5.

AVSS + 0.1 V < V(oumy, Viourr) S AVDD - 0.1V (5)
Translating the requirements of Equation 5 into requirements referred to the PGA inputs (AINp and AINy) is
beneficial because there is no direct access to the outputs of the PGA. The PGA employs a symmetrical design;

therefore, the common-mode voltage at the output of the PGA can be assumed to be the same as the common-
mode voltage of the input signal, as shown in Figure 53.

Vem = %2 (Vanre) + V)

Figure 53. PGA Common-Mode Voltage

The common-mode voltage is calculated using Equation 6.

Vem = %2 (V(AINP) + V(AINN)) =% (V(OUTP) + V(OUTN)) (6)
The voltages at the PGA inputs (AINp and AINy) can be expressed as Equation 7 and Equation 8.

Viane) = Veu + 72 Viy (7)

V(AINN) =Vem—%2 Vi 8
The output voltages (V(outp) and Voumny) €an then be calculated as Equation 9 and Equation 10.

Voure) = Vem + %2 Gain - Viy 9)

Vourn) = Vem — %2 Gain - Viy (10)

The requirements for the output voltages of amplifiers A1 and A2 (Equation 5) can now be translated into
requirements for the input common-mode voltage range using Equation 9 and Equation 10, which are given in
Equation 11 and Equation 12.
Ve iy 2 AVSS + 0.1V + % Gain - Viy wax) (12)
Vem maxy S AVDD — 0.1V — % Gain - Viy wax) (12)
To calculate the minimum and maximum common-mode voltage limits, the maximum differential input voltage

(Vin (max)) that occurs in the application must be used. Viy max) can be less than the maximum possible full-scale
value.
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9.3.2.2 PGA Common-Mode Voltage Calculation Example

The following paragraphs explain how to apply Equation 11 and Equation 12 to a hypothetical application. The
setup for this example is AVDD = 3.3 V, AVSS =0V, and gain = 16, using an external reference, Vgxgr = 2.5 V.
The maximum possible differential input voltage Viy = (V(ainpy — Viainny) that can be applied is then limited to the
full-scale range of FSR = +2.5 V / 16 = £0.156 V. Consequently, Equation 11 and Equation 12 yield an allowed
Vem range of .35V Ve £1.95 V.

If the sensor signal connected to the inputs in this hypothetical application does not make use of the entire full-
scale range but is limited to V\y ax) = 0.1 V, for example, then this reduced input signal amplitude relaxes the
Ve restrictionto 0.9 V=V <2.4 V.

In the case of a fully-differential sensor signal, each input (AINp, AINy) can swing up to £50 mV around the
common-mode voltage (Viane) + Vianny) / 2, which must remain between the limits of 0.9 V and 2.4 V. The
output of a symmetrical wheatstone bridge is an example of a fully-differential signal. Figure 54 shows a situation
where the common-mode voltage of the input signal is at the lowest limit. Voury) is exactly at 0.1 V in this case.
Any further decrease in common-mode voltage (Vcy) or increase in differential input voltage (V\y) drives V oyt
below 0.1 V and saturates amplifier A2.

V(A|Np) =095V O

50 mv Viourpy = 1.7V
O

50 mV Viournyy = 0.1V

\/
V(AINN) =085V O

Figure 54. Example where V¢y is at Lowest Limit

In contrast, the signal of an RTD is of a pseudo-differential nature (if implemented as shown in one of the
application example sections, 3-Wire RTD Measurement), where the negative input is held at a constant voltage
other than 0 V and only the voltage on the positive input changes. When a pseudo-differential signal must be
measured, the negative input in this example must be biased at a voltage from 0.85 V to 2.35 V. The positive
input can then swing up to Viy wax) = 100 mV above the negative input. In this case, the common-mode voltage
changes at the same time the voltage on the positive input changes. That is, while the input signal swings
between 0 V < V| < V|y (max), the common-mode voltage swings between Vianny < Vew < Vianny + %2 Vin wax)-
Satisfying the common-mode voltage requirements for the maximum input voltage Vi (uax) ensures the
requirements are met throughout the entire signal range.

Figure 55 and Figure 56 show examples of both fully-differential and pseudo-differential signals, respectively.
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A A
AINp
AINp
100 mV
1.0V - ee - (100 mVv 10V
AlINy
ov » 0V >

Figure 55. Fully-Differential Input Signal Figure 56. Pseudo-Differential Input Signal

NOTE
With a unipolar power supply, the input range does not extend to the ground. Equation 11
and Equation 12 show the common-mode voltage requirements.
° VCM (MIN) =2 AVSS + 0.1V + ¥ Gain - VIN (MAX)
d VCM (MAX) < AVDD - 01 V-1 Gain . V|N (MAX)

9.3.2.3 Analog Input Impedance

The device inputs are buffered through a high-input impedance PGA before they reach the A% modulator. For the
majority of applications, the input current is minimal and can be neglected. However, because the PGA is
chopper-stabilized for noise and offset performance, the input impedance is best described as a small absolute
input current. The absolute input current for selected channels is approximately proportional to the selected
modulator clock. Table 8 shows the typical values for these currents with a differential voltage coefficient and the
corresponding input impedances over data rate.

Table 8. Typical Values for Analog Input Current over Data Rate®

CONDITION ABSOLUTE INPUT CURRENT EFFECTIVE INPUT IMPEDANCE
DR =5 SPS, 10 SPS, 20 SPS + (0.5 NA + 0.1 nAVV) 5000 MQ
DR = 40 SPS, 80 SPS, 160 SPS + (2 nA + 0.5 nANV) 1200 MQ
DR = 320 SPS, 640 SPS, 1 kSPS + (4 nA + 1 nAIV) 600 MQ
DR = 2 kSPS + (8 NA + 2 NAIV) 300 MQ

(1) Input current with Vg = 2.5 V. Ty = 25°C, AVDD =5V, and AVSS =0 V.

9.3.3 Clock Source

The device can use either the internal oscillator or an external clock. Connect the CLK pin to DGND before
power up or reset to activate the internal oscillator. Connecting an external clock to the CLK pin at any time
deactivates the internal oscillator, with the device then operating on the external clock. After the device switches
to the external clock, it cannot be switched back to the internal oscillator without cycling the power supplies or

resetting the device.
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9.3.4 Modulator

A third-order delta-sigma modulator is used in the ADS1246, ADS1247, and ADS1248 devices. The modulator
converts the analog input voltage into a pulse code modulated (PCM) data stream. To save power, the modulator
clock runs from 32 kHz up to 512 kHz for different data rates, as shown in Table 9.

Table 9. Modulator Clock Frequency for Different Data Rates

DATA RATE MODULATOR RATE (fpop)® -
(SPS) (kHZ) CLK/IMOD
5,10, 20 32 128
40, 80, 160 128 32
320, 640, 1000 256 16
2000 512 8

(1) Using the internal oscillator or an external 4.096-MHz clock.

9.3.5 Digital Filter

The ADC uses linear-phase finite impulse response (FIR) digital filters that can be adjusted for different output
data rates. The digital filter always settles in a single cycle.

Table 10 shows the exact data rates when an external clock equal to 4.096 MHz is used. Also shown is the
signal —3-dB bandwidth, and the 50-Hz and 60-Hz attenuation. For good 50-Hz or 60-Hz rejection, use a data
rate of 20 SPS or slower.

The frequency responses of the digital filter are shown in Figure 57 to Figure 67. Figure 60 illustrates a detailed
view of the filter frequency response from 48 Hz to 62 Hz for a 20-SPS data rate. All filter plots are generated
with a 4.096-MHz external clock.

Data rates and digital filter frequency responses scale proportionally with changes in the system clock frequency.
The internal oscillator frequency has a variation, as specified in Electrical Characteristics that will also affect data
rates and the digital filter frequency response.

Table 10. Digital Filter Specifications®

NOMINAL ACTUAL —3-dB ATTENUATION
DATA RATE | DATA RATE | BANDWIDTH | f =50 Hz +0.3 Hz | fy=60 Hz +0.3 Hz | fjy =50 Hz *1 Hz fiy = 60 Hz +1 Hz

5 SPS 5.018 SPS 2.26 Hz -106 dB —74 dB -81dB -69 dB
10 SPS 10.037 SPS 4.76 Hz -106 dB —74 dB -80dB -69 dB
20 SPS 20.075 SPS 14.8 Hz —71dB —74 dB -66 dB -68 dB
40 SPS 40.15 SPS 9.03 Hz — — — —
80 SPS 80.301 SPS 19.8 Hz — — — —
160 SPS 160.6 SPS 118 Hz — — — —
320 SPS | 321.608 SPS 154 Hz — — — —
640 SPS | 643.21 SPS 495 Hz — — — —

1000 SPS 1000 SPS 732 Hz — — — —

2000 SPS 2000 SPS 1465 Hz — — — —

(1) Values shown for fc x = 4.096 MHz.
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Figure 61. Filter Profile with Data Rate = 40 SPS
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Figure 57. Filter Profile with Data Rate =5 SPS Figure 58. Filter Profile with Data Rate = 10 SPS
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Figure 59. Filter Profile with Data Rate = 20 SPS Figure 60. Detailed View of Filter Profile with Data Rate =
20 SPS Between 48 Hz and 62 Hz
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Figure 62. Filter Profile with Data Rate = 80 SPS
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Figure 65. Filter Profile with Data Rate = 640 SPS
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Figure 63. Filter Profile with Data Rate = 160 SPS Figure 64. Filter Profile with Data Rate = 320 SPS
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Figure 66. Filter Profile with Data Rate = 1 kSPS
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Figure 67. Filter Profile with Data Rate = 2 kKSPS
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9.3.6 Voltage Reference Input
The voltage reference for the device is the differential voltage between REFP and REFN, given by Equation 13:
Vrer = V(rerr) — V(rern) (13)

In the case of the ADS1246, these pins are dedicated inputs. For the ADS1247 and ADS1248, there is a
multiplexer that selects the reference inputs, as shown in Figure 68. The reference input uses a buffer to
increase the input impedance.

As with the analog inputs, REFP0 and REFNO can be configured as digital 1/0s on the ADS1247 and ADS1248.

P ———————
| ADS1248 Only H
:REFP1 REFN1: REFPO REFNO VREFOUT VREFCOM
] I o]
[ S S —— p— |
o
0—/0 *
1
Internal
Reference Multiplexer Voltage
Reference
REFP REFN
ADC

Figure 68. Reference Input Multiplexer

The reference input circuit has ESD diodes to protect the inputs. To prevent the diodes from turning on, make
sure the voltage on the reference input pin is not less than AVSS — 100 mV, and does not exceed AVDD + 100
mV, as shown in Equation 14.

AVSS — 100 MV < (V(gerp) OF Virerny) < AVDD + 100 mV (14)

9.3.7 Internal Voltage Reference

The ADS1247 and ADS1248 have an internal voltage reference with a low temperature coefficient. The output of
the voltage reference is 2.048 V (nominal) with the capability of both sourcing and sinking up to 10 mA of current.

The voltage reference must have a capacitor connected between VREFOUT and VREFCOM. The value of the
capacitance must be in the range of 1 yF to 47 pF. Large values provide more noise filtering of the reference;
however, the turnon time increases with capacitance, as shown in Table 11. For stability reasons, VREFCOM
must have a path with an impedance less than 10 Q to AC ground nodes, such as GND (for a 0-V to 5-V analog
power supply), or AVSS (for a £2.5-V analog power supply). In case this impedance is higher than 10 Q, connect
a capacitor of at least 0.1 pF between VREFCOM and an AC ground node (for example, GND).

NOTE
Because time is required for the voltage reference to settle to the final voltage, take care
when the device is turned off between conversions. Allow adequate time for the internal
reference to fully settle before starting a new conversion.

Table 11. Internal Reference Settling Time

VREFOUT CAPACITOR SETTLING ERROR TIME TO REACH THE SETTLING ERROR
+0.5% 70 us
1uF
+0.1% 110 ps
+0.5% 290 s
4.7 F
+0.1% 375 us
+0.5% 2.2ms
47 uF
+0.1% 2.4 ms
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The internal reference is controlled by the MUX1 register; by default, the internal reference is off after power up
(see ADS1247 and ADS1248 Detailed Register Definitions for more details). Therefore, the internal reference
must first be turned on and then connected through the internal reference multiplexer. Because the internal
reference is used to generate the current reference for the excitation current sources, it must be turned on before
the excitation currents become available.

9.3.8 Excitation Current Sources

The ADS1247 and ADS1248 provide two matched excitation current sources (IDACs) for RTD applications. For
three-wire RTD applications, the matched current sources can be used to cancel the errors caused by sensor
lead resistance. The output current of the IDACs can be programmed to 50 pA, 100 pA, 250 A,
500 pA, 750 pA, 1000 pA, or 1500 pA.

The two matched current sources can be connected to dedicated current output pins IEXC1 and IEXC2
(ADS1248 only), or to any analog input pin (ADS1247 and ADS1248); see ADS1247 and ADS1248 Detailed
Register Definitions for more information. Both current sources can be connected to the same pin. The internal
reference must be turned on and the proper amount of capacitance applied to VREFOUT when using the
excitation current sources.

9.3.9 Sensor Detection

To help detect a possible sensor malfunction, the device provides selectable current sources (0.5 YA, 2 YA, or
10 pA) to act as burn-out current sources. When enabled, one current source sources current to the selected
positive analog input (AINp) while the other current source sinks current from the selected negative analog input
(AIN).

In case of an open circuit in the sensor, these burn-out current sources pull the positive input towards AVDD and
the negative input towards AVSS, resulting in a full-scale reading. A full-scale reading may also indicate that the
sensor is overloaded or that the reference voltage is absent. A near-zero reading may indicate a shorted sensor.
The absolute value of the burn-out current sources typically varies by +10% and the internal multiplexer adds a
small series resistance. Therefore, distinguishing a shorted sensor condition from a normal reading can be
difficult, especially if an RC filter is used at the inputs. In other words, even if the sensor is shorted, the voltage
drop across the external filter resistance and the residual resistance of the multiplexer causes the output to read
a value higher than zero.

The ADC readings of a functional sensor may be corrupted when the burn-out current sources are enabled. TI
recommends disabling the burn-out current sources when performing the precision measurement, and only
enabling them to test for sensor fault conditions.

9.3.10 Bias Voltage Generation

A selectable bias voltage is provided for use with unbiased thermocouples. The bias voltage is (AVDD + AVSS) /
2 and can be applied to any analog input channel through the internal input multiplexer. The bias voltage turnon
times for different sensor capacitances are listed in Table 12.

The internal bias voltage generator, when selected on multiple channels, causes them to be internally shorted.
Because of this, take care to limit the amount of current that may flow through the device. TI recommends that
under no circumstances should more than 5 mA be allowed to flow through this path. This applies when the
device is in operation and when it is powered down.

Table 12. Bias Voltage Settling Time

SENSOR CAPACITANCE SETTLING TIME
0.1 uF 220 ps
1pF 2.2ms
10 pF 22 ms
200 pF 450 ms
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9.3.11 General-Purpose Digital I/0

The ADS1248 has eight pins and the ADS1247 has four pins that serve a dual purpose as either analog inputs
or general-purpose digital inputs and outputs (GPIOs).

Three registers control the function of the GPIO pins. Use the GPIO configuration register (IOCFG) to enable a
pin as a GPIO pin. The GPIO direction register (IODIR) configures the GPIO pin as either an input or an output.
Finally, the GPIO data register (IODAT) contains the GPIO data. If a GPIO pin is configured as an input, the
respective IODATIx] bit reads the status of the pin; if a GPIO pin is configured as an output, write the output
status to the respective IODAT][x] bit. For more information about the use of GPIO pins, please see the ADS1247
and ADS1248 Detailed Register Definitions section.

Figure 69 shows a diagram of how these functions are combined onto a single pin. Note that when the pin is
configured as a GPIO, the corresponding logic is powered from AVDD and AVSS. When the ADS1247 and
ADS1248 are operated with bipolar analog supplies, the GPIO outputs bipolar voltages. Care must be taken
loading the GPIO pins when used as outputs because large currents can cause droop or noise on the analog
supplies.

- IOCFG
— IODIR
REFX0/GPIOX DIOWRITE
AINX/GPIOX
[ | = To Analog Mux
;D4> DIO READ

Figure 69. Analog and Data Interface Pin

9.3.12 System Monitor

The ADS1247 and ADS1248 provide a system monitor function. This function can measure the analog power
supply, digital power supply, external voltage reference, or ambient temperature. Note that the system monitor
function provides a coarse result. When the system monitor is enabled, the analog inputs are disconnected.

9.3.12.1 Power-Supply Monitor

The system monitor can measure the analog or digital power supply. When measuring the power supply (Vsp),

the resulting conversion is approximately 1/4 of the actual power supply voltage, as shown in Equation 15.
Conversion Result = (Vgp / 4) / Vgee (15)

9.3.12.2 External Voltage Reference M