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ADS868x 16-Bit, 500-kSPS, 4- and 8-Channel, Single-Supply, SAR ADCs with
Bipolar Input Ranges
1 Features 2 Applications

* 16-Bit ADCs with Integrated Analog Front-End

e 4- 8-Channel MUX with Auto and Manual Scan

e Channel-Independent Programmable Input
Ranges:

Bipolar: £10.24 V, £5.12 V, +2.56 V
Unipolar: 10.24 V, 5.12 V

e 5-V Analog Supply: 1.65-V to 5-V I/O Supply
» Constant Resistive Input Impedance: 1 MQ
* Input Overvoltage Protection: Up to £20 V

» On-Chip, 4.096-V Reference with Low Drift

» Excellent Performance:

500-kSPS Aggregate Throughput
DNL: £0.5 LSB; INL: £0.75 LSB
Low Drift for Gain Error and Offset
SNR: 92 dB; THD: —-102 dB

Low Power: 65 mW

e AUX Input — Direct Connection to ADC Inputs
e SPI™-Compatible Interface with Daisy-Chain
* Industrial Temperature Range: —40°C to 125°C
» TSSOP-38 Package (9.7 mm x 4.4 mm)

Additional Channels in ADS8688
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» Power Automation
» Protection Relays
e PLC Analog Input Modules

3 Description

The ADS8684 and ADS8688 are 4- and 8-channel,
integrated data acquisition systems based on a 16-bit
successive approximation (SAR) analog-to-digital
converter (ADC), operating at a throughput of
500-kSPS. The devices feature integrated analog
front-end circuitry for each input channel with
overvoltage protection up to £20 V, a 4- or 8-channel
multiplexer with automatic and manual scanning
modes, and an on-chip, 4.096-V reference with low
temperature drift. Operating on a single 5-V analog
supply, each input channel on the devices can
support true bipolar input ranges of +10.24 V,
+5.12 V, and +2.56 V, as well as unipolar input
ranges of 0 V to 10.24 V and 0 V to 5.12 V. The gain
of the analog front-end for all input ranges is
accurately trimmed to ensure a high dc precision. The
input range selection is software-programmable and
independent for each channel. The devices offer a
1-MQ constant resistive input impedance irrespective
of the selected input range.

The ADS8684 and ADS8688 offer a simple SPI-
compatible serial interface to the digital host and also
support daisy-chaining of multiple devices. The digital
supply operates from 1.65 V to 5.25 V, enabling
direct interface to a wide range of host controllers.

Device Information®
PART NUMBER PACKAGE BODY SIZE (NOM)
ADS868x TSSOP (38) 9.70 mm x 4.40 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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5 Device Comparison Table
PRODUCT RESOLUTION (Bits) CHANNELS SAMPLE RATE (kSPS)
ADS8684 16 4, single-ended 500
ADS8688 16 8, single-ended 500
6 Pin Configuration and Functions
DBT Package
TSSOP-38
(Top View, Not to Scale)
[¢) _ o _
SDI| 1 38| Cs SDI| 1 38| cs
RST/PD | 2 37 | SCLK RST/PD| 2 37 | SCLK
DAISY | 3 36 | SDO DAISY | 3 36 | SDO
REFSEL | 4 35| DNC REFSEL | 4 35 | DNC
REFIO E E DVDD REFIO E E DVDD
REFGNDE 33| DGND REFGNDE 33| DGND
REFCAP E 32| AGND REFCAP E 32| AGND
AGNDE 31 | AGND AGNDE 31| AGND
AVDD E AVDD AVDD E AVDD
AUX_IN | 10 ADS8684 29 | AGND AUX_IN | 10 ADS8688 29 | AGND
AUX_GND | 11 28 | AGND AUX_GND | 11 28 | AGND
NC |12 27 |[NC AIN_6P | 12 27 | AIN_SP
NC |13 26 | NC AIN_6GND | 13 26 | AIN_5GND
NC |14 25 [NC AIN_7P | 14 25 | AIN_4P
NC | 15 24 |NC AIN_7GND | 15 24 | AIN_4GND
AIN_OP | 16 23| AIN_3P AIN_OP | 16 23 | AIN_3P
AIN_OGND | 17 22 | AIN_3GND AIN_OGND | 17 22 | AIN_3GND
AIN_1P |18 21| AIN_2P AIN_1P |18 21| AIN_2P
AIN_1GND | 19 20 | AIN2_GND AIN_1GND | 19 20 | AIN2_GND
Pin Functions
PIN
6 NAME 1/0 DESCRIPTION
ADS8684 ADS8688
1 SDI Digital input Data input for serial communication.
2 RST/PD Digital input S(L:Jt::l\ll?ulr?gil)on%l::it;/nfou:éset or power-down the device.
3 DAISY Digital input Chain the data input during serial communication in daisy-chain mode.
Active low logic input to enable the internal reference.
When low, the internal reference is enabled;
4 REFSEL Digital input REFIO becomes an output that includes the Vgge voltage.
When high, the internal reference is disabled;
REFIO becomes an input to apply the external Vgrgr voltage.
5 REFIO Analog input, output | Internal reference output and external reference input pin. Decouple with REFGND on pin 6.
: Powersuply | BeErece GNP o St o e g A e,
REFCAP Analog output ADC reference decoupling capacitor pin. Decouple with REFGND on pin 6.
AGND Power supply Analog ground pin. Decouple with AVDD on pin 9.
9 AVDD Power supply Analog supply pin. Decouple with AGND on pin 8.
10 AUX_IN Analog input Auxiliary input channel: positive input. Decouple with AUX_GND on pin 11.
11 AUX_GND Analog input Auxiliary input channel: negative input. Decouple with AUX_IN on pin 10.
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Pin Functions (continued)

PIN
E NAME /10 DESCRIPTION
: ADS8684 ADS8688

. Analog input channel 6: Positive input. Decouple with AIN_6GND on pin 13.

12 NC AIN_6P Analog input No connection for the ADS8684: this pin can be left floating or connected to AGND.
. Analog input channel 6: negative input. Decouple with AIN_6P on pin 12.

13 NC AIN_6GND Analog input No connection for the ADS8684: this pin can be left floating or connected to AGND.
. Analog input channel 7: positive input. Decouple with AIN_7GND on pin 15.

14 NC AIN_7P Analog input No connection for the ADS8684: this pin can be left floating or connected to AGND.
. Analog input channel 7: negative input. Decouple with AIN_7P on pin 14.

15 NC AIN_7GND Analog input No connection for the ADS8684: this pin can be left floating or connected to AGND.

16 AIN_OP Analog input Analog input channel 0: positive input. Decouple with AIN_OGND on pin 17.

17 AIN_OGND Analog input Analog input channel 0: negative input. Decouple with AIN_OP on pin 16.

18 AIN_1P Analog input Analog input channel 1: positive input. Decouple with AIN_1GND on pin 19.

19 AIN_1GND Analog input Analog input channel 1: negative input. Decouple with AIN_1P on pin 18.

20 AIN2_GND Analog input Analog input channel 2: positive input. Decouple with AIN_2GND on pin 21.

21 AIN_2P Analog input Analog input channel 2: negative input. Decouple with AIN_2P on pin 20.

22 AIN_3GND Analog input Analog input channel 3: positive input. Decouple with AIN_3GND on pin 23.

23 AIN_3P Analog input Analog input channel 3: negative input. Decouple with AIN_3P on pin 22.
. Analog input channel 4: positive input. Decouple with AIN_4GND on pin 25.

24 NC AIN_4GND Analog input No connection for the ADS8684: this pin can be left floating or connected to AGND.
. Analog input channel 4: negative input. Decouple with AIN_4P on pin 24.

25 NC AIN_4P Analog input No connection for the ADS8684: this pin can be left floating or connected to AGND.
. Analog input channel 5: positive input. Decouple with AIN_5GND on pin 27.

26 NC AIN_5GND Analog input No connection for the ADS8684: this pin can be left floating or connected to AGND.
. Analog input channel 5: negative input. Decouple with AIN_5P on pin 26.

27 NC AIN_5P Analog input No connection for the ADS8684: this pin can be left floating or connected to AGND.

28 AGND Power supply Analog ground pin

29 AGND Power supply Analog ground pin

30 AVDD Power supply Analog supply pin. Decouple with AGND on pin 31.

31 AGND Power supply Analog ground pin. Decouple with AVDD on pin 30.

32 AGND Power supply Analog ground pin

33 DGND Power supply Digital ground pin. Decouple with DVDD on pin 34.

34 DVDD Power supply Digital supply pin. Decouple with DGND on pin 33.

35 DNC Do not connect Do not connect this pin to any node; must remain floating.

36 SDO Digital output Data output for serial communication

37 SCLK Digital input Clock input for serial communication

38 Cs Digital input Active low logic input; chip-select signal

Copyright © 2014-2015, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
AIN_nP to AIN_nGND® -20 20 \Y
AIN_nP to AIN_nGND®) -11 11 Y,
AIN_nGND to GND -0.3 0.3 \%
AUX_IN to GND -0.3 AVDD + 0.3 \%
AVDD to GND or DVDD to GND -0.3 7 \%
REFCAP to REFGND or REFIO to REFGND -0.3 5.7 \%
GND to REFGND -0.3 0.3 \%
Digital input pins to GND -0.3 DVDD + 0.3 \%
Digital output pins to GND -0.3 DVDD + 0.3 \Y
Operating temperature, Tp -40 125 °C
Storage temperature, Tgyg —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and 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.

(2) AVDD =5V or offers a low impedance of < 30 kQ.

(3) AVDD = floating with an impedance > 30 kQ.

7.2 ESD Ratings

VALUE UNIT
Analog input pins +6000
Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC JS-001( | (AIN_nP; AIN_nGND) -
Vieso) discharge All other pins +2000 v
Charged device model (CDM), per JEDEC specification JESD22-C101? +500

(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.

7.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT

AVDD Analog supply voltage 4.75 5 5.25 \%

DVDD Digital supply voltage 1.65 3.3 AVDD \%

7.4 Thermal Information

ADS8684,
ADS8688

THERMAL METRIC® DBT (TSSOP) UNIT
38 PINS

Raia Junction-to-ambient thermal resistance 68.8

Raic(top) Junction-to-case (top) thermal resistance 19.9

Rgip Junction-to-board thermal resistance 30.4 oW

Wit Junction-to-top characterization parameter 1.3

Wig Junction-to-board characterization parameter 29.8

Raic(bot) Junction-to-case (bottom) thermal resistance NA

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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7.5 Electrical Characteristics

Minimum and maximum specifications are at T, = —40°C to 125°C. Typical specifications are at T, = 25°C.
AVDD =5V, DVDD = 3V, Vgege =4.096 V (internal), and fsayp e = 500 kSPS, unless otherwise noted.

> 30 kQ, all input ranges

(1)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT IE?/TEL
ANALOG INPUTS
Input range = 2.5 x Vgge —2.5 X Vger 2.5 X Vggr \% A
Input range = +1.25 x Vger —1.25 X Vger 1.25 X Vger \% A
Full-scale input span® _
(AIN_ P to AIN_nGND) Input range = +0.625 x Vger —0.625 x Vger 0.625 X Vger \% A
Input range = 2.5 x Vgge 0 2.5 X VRer \ A
Input range = 1.25 x Vgee 0 1.25 x Vger \% A
Input range = 2.5 x Vger —2.5 X Vger 2.5 x Vger \% A
Input range = +1.25 X Vgge —1.25 x Vger 1.25 X Vger \% A
Operating input range,
AIN_nP pgsitive i?]puﬁ’ 9 Input range = +0.625 x Vger —0.625 X Vger 0.625 x Vier % A
Input range = 2.5 x Vger 0 2.5 X Vrer \% A
Input range = 1.25 x Vgee 0 1.25 x VRer \ A
Operating input range, . B
AIN_nGND negative input All input ranges 0.1 0 0.1 \% B
! ; At Tp = 25°C
zZ; Input impedance All input ranges 0.85 1 1.15 MQ B
Input impedance drift All input ranges 7 25| ppm/°C B
With voltage at AIN_nP pin = Vyy, Vin - 2.25 A A
input range = 2.5 X Vree R H
IN
With voltage at AIN_nP pin = Vyy, Vin —2.00 A A
input range = +1.25 x Vgee R B
IN
. . Viy — 1.60
_ With voltage at AIN_nP pin = Vyy, N
likg(in) Input leakage current input range = +0.625 x Vgr = HA A
IN
With voltage at AIN_nP pin = Vyy, Vin —2.50 A A
input range = 2.5 x Vggp R B
IN
With voltage at AIN_nP pin = Vyy, Vin — 2.50 A A
input range = 1.25 X Vree R H
IN
INPUT OVERVOLTAGE PROTECTION
AVDD =5V or offers low
. impedance < 30 kQ, all input ranges -20 20 v B
Vove Overvoltage protection voltage - - —
AVDD = floating with impedance 11 1 v B

(1) Test Levels: (A) Tested at final test. Over temperature limits are set by characterization and simulation. (B) Limits set by characterization
and simulation, across temperature range. (C) Typical value only for information, provided by design simulation.
(2) Ideal input span, does not include gain or offset error.
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Electrical Characteristics (continued)
Minimum and maximum specifications are at T, = —40°C to 125°C. Typical specifications are at T, = 25°C.
AVDD =5V, DVDD = 3V, Vgee =4.096 V (internal), and fgayp e = 500 KSPS, unless otherwise noted.
(€}
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT IEE%/.II-EL
SYSTEM PERFORMANCE
Resolution 16 Bits A
NMC No missing codes 16 Bits A
DNL Differential nonlinearity -0.99 +0.5 15| LSB® A
INL Integral nonlinearity® -2 £0.75 2| LSB A
Eg Gain error At T, = 25°C, all input ranges +0.02 +0.05 | %FSR® A
Gain error matching o . o
(channel-to-channel) At Tp = 25°C, all input ranges +0.02 +0.05| %FSR A
Gain error temperature drift All input ranges +1 +4 | ppm/°C B
At T, = 25°C,
input range = 2.5 x Vggr 0.5 $0.75 mv A
At T, = 25°C,
input range = +1.25 x Vgee 0.5 1 mv A
At T, = 25°C,
Eo Offset error input range = +0.625 x Vegr +0.5 +1.5 mV A
At T = 25°C,
input range = 0 to 2.5 x Vrer 0.5 2 mv A
At T4 = 25°C,
input range = 0 to 1.25 X Vgep *0.5 2 mv A
At T, = 25°C,
input range = 2.5 x Vgge 0.5 *0.75 mv A
At T, = 25°C,
input range = +1.25 x Vgge 0.5 1 mv A
Offset error matching At Tp = 25°C,
(channel-to-channel) input range = +0.625 x Ve 0.5 1.5 mv A
At T, = 25°C,
input range = 0 t0 2.5 x Vrgr 0.5 22 mv A
At T = 25°C,
input range = 0 to 1.25 x Vgee 0.5 2 mv A
Offset error temperature drift All input ranges +1 +3| ppm/°C B
SAMPLING DYNAMICS
tconv Conversion time 850 ns A
taco Acquisition time 1150 ns A
Maximum throughput rate
fs without latency 500| kSPS A
(3) LSB = least significant bit.
(4) This parameter is the endpoint INL, not best fit INL.
(5) FSR = full-scale range.
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Electrical Characteristics (continued)

Minimum and maximum specifications are at T, = —40°C to 125°C. Typical specifications are at T, = 25°C.

AVDD =5V, DVDD = 3V, Vgee =4.096 V (internal), and fgayp e = 500 KSPS, unless otherwise noted.

(€}
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT -[EE%-II-EL
DYNAMIC CHARACTERISTICS
Input range = +2.5 x Ve 90 92 dB A
Input range = +1.25 x Vggre 89 91 dB A
Signal-to-noise ratio _
SNR (Vi — 0.5 dBFS at 1 kHz) Input range = +0.625 x Vgge 87.5 89 dB A
Input range = 2.5 x Vgge 88.5 90.5 dB A
Input range = 1.25 x Vgee 87.5 89 dB A
Total harmonic distortion® .
THD (Vi — 0.5 dBFS at 1 kHz) All input ranges -102 dB B
Input range = 2.5 x Vg 89 915 dB A
Input range = +1.25 X Vggr 88.5 91 dB A
Signal-to-noise ratio _
SINAD (Vi - 0.5 dBFS at 1 kHz) Input range = +0.625 x Vrer 87 89 dB A
Input range = 2.5 x Vg 87.5 90.5 dB A
Input range = 1.25 x Vger 87 89 dB A
Spurious-free dynamic range .
SFDR (Vi — 0.5 dBFS at 1 kHz) All input ranges 103 dB B
Aggressor channel input is
Crosstalk isolation® overdriven to 2 x maximum input 110 dB B
voltage
Aggressor channel input is
Crosstalk memory ® overdriven to 2 x maximum input 90 dB B
voltage
BW(_3 ap) Small-signal bandwidth, —3 dB At Tp = 25°C, all input ranges 15 kHz B
BW( 0.1 dB) Small-signal bandwidth, —-0.1 dB | At T, = 25°C, all input ranges 25 kHz B
AUXILIARY CHANNEL
Resolution 16 Bits A
V(aux_iNy AUX_IN voltage range (AUX_IN — AUX_GND) VRer \% A
o AUX_IN Vrer Y] A
Operating input range
AUX_GND 0 \% A
. During sampling 75 pF C
Ci Input capacitance - -
During conversion 5 pF C
likg(in) Input leakage current 100 nA A
DNL Differential nonlinearity -0.99 +0.6 15 LSB A
INL Integral nonlinearity -4 +1.5 4 LSB A
Ecaux) Gain error At T, = 25°C £0.02 +0.2| % FSR A
Eopaux) Offset error At T, = 25°C -10 10 mv A
SNR Signal-to-noise ratio V(aux_iny = —0.5 dBFS at 1 kHz 87 89 dB A
THD Total harmonic distortion® Viaux_iny = —0.5 dBFS at 1 kHz -102 dB B
SINAD Signal-to-noise + distortion Vaux_iny = —0.5 dBFS at 1 kHz 86 88.5 dB A
SFDR Spurious-free dynamic range Vaux_ny = —0.5 dBFS at 1 kHz 103 dB B

(6) Calculated on the first nine harmonics of the input frequency.
(7) Isolation crosstalk is measured by applying a full-scale sinusoidal signal up to 10 kHz to a channel, not selected in the multiplexing

sequence, and measuring its effect on the output of any selected channel.

(8) Memory crosstalk is measured by applying a full-scale sinusoidal signal up to 10 kHz to a channel, which is selected in the multiplexing

sequence, and measuring its effect on the output of the next selected channel, for all combinations of input channels.
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Electrical Characteristics (continued)
Minimum and maximum specifications are at T, = —40°C to 125°C. Typical specifications are at T, = 25°C.
AVDD =5V, DVDD = 3V, Vgee =4.096 V (internal), and fgayp e = 500 KSPS, unless otherwise noted.
(€}
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT IEE%/.II-EL
INTERNAL REFERENCE OUTPUT
© Voltage on REFIO pin _ oeo,

V(ReFi0_INT) (configured as outpu) At T, = 25°C 4.095 4.096 4.097 Y A
In@ernal reference temperature 6 10| ppmrC B
drift

C(ouT_REFIO) Decoupling capacitor on REFIO 10 22 uF B
Reference voltage to ADC — opo

V(Rercap) (on REFCAP pin) At Tp =25°C 4.095 4.096 4.097 \Y A
_Reference buffer output 0.5 1 Q B
impedance
Rgference buffer temperature 0.6 15| ppmrc B
drift
Decoupling capacitor on

Clout_ReEFcAP)  REFC EP g cap 10 22 uF B

) C =22 pF
Turn-on time (OUT_REFCAP) ' 15 ms B
C(out _RreFio) = 22 UF

EXTERNAL REFERENCE INPUT
External reference voltage on

VReFio_ExT REFIO (configured as input) 4.046 4.096 4.146 v c

POWER-SUPPLY REQUIREMENTS

AVDD Analog power-supply voltage Analog supply 4.75 5 5.25 \% B

Digital supply range 1.65 3.3 AVDD \% B
DVDD Digital power-supply voltage Digital supply range for specified 27 33 5.25 Vv B
performance ) ) ’
For t‘he AD386_88; AVDD =5V, fg = 13 16 mA A
Dynamic, | Maximum and internal reference
'avoo_ovn AVDD | For the ADS8684; AVDD =5V, fs =
orthe o, =0V, ls= 8.5 115 mA A
maximum and internal reference
For the ADS8688; AVDD =5V,
device not converting and internal 10 12 mA A
| Anal | ¢ | stati reference
nalog su curren atic
AVBD_STE 9 suppy For the ADS8684; AVDD = 5 V,
device not converting and internal 5.5 8.5 mA A
reference
Power- At AVDD =5V, device in STDBY

IstoBy down mode and internal reference 3 45 mA A

lpwr_oN DYNAMIC, | At AVDD = 5V, device in PWR_DN 3 20| pA B

Iovop_pyn Digital supply current At DVDD = 3.3 V, output = 0000h 0.5 mA A

DIGITAL INPUTS (CMOS)

i Digital input logic levels 0.7 x bvDD DVDD + 0.3 v A

Vi DVDD >2.1V -0.3 0.3 x DVDD Y, A

Vin Digital input logic levels 0.8 x VDD DVDD + 0.3 v A

Vi DVDD =21V -03 0.2 x DVDD Y A
Input leakage current 100 nA A
Input pin capacitance 5 pF C

DIGITAL OUTPUTS (CMOS)

Von o ) lo = 500-pA source 0.8 x DVDD DVDD \% A
Digital output logic levels -

VoL lo = 500-uA sink 0 0.2 x DVDD Y A
Floating state leakage current Only for SDO 1 HA A
Internal pin capacitance 5 pF C

TEMPERATURE RANGE

Ta Operating free-air temperature —40 125 ‘ °C ‘ B

(9) Does not include the variation in voltage resulting from solder shift effects.
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7.6 Timing Requirements: Serial Interface

Minimum and maximum specifications are at T, = —40°C to 125°C. Typical specifications are at T, = 25°C.
AVDD =5V, DVDD = 3V, Vgege =4.096 V (internal), SDO load = 20 pF, and fsayp e = 500 kSPS, unless otherwise noted.

MIN TYP MAX UNIT
TIMING SPECIFICATIONS
fs Sampling frequency (fc kx = max) 500 kSPS
ts ADC cycle time period (fc x = max) 2 us
fscLk Serial clock frequency (fs = max) 17 MHz
tscLk Serial clock time period (fg = max) 59 ns
tcony Conversion time 850 ns
toz_cspo Delay time: CS falling to data enable 10 ns
to_ckes Delay time: last SCLK falling to CS rising 10 ns
toz_cspo Delay time: CS rising to SDO going to 3-state 10 ns
TIMING REQUIREMENTS
taco Acquisition time 1150 ns
tpH_ck Clock high time 0.4 0.6 tscLk
tpL_ck Clock low time 0.4 0.6 tscLk
tpH_cs CS high time 30 ns
tsu_csck Setup time: CS falling to SCLK falling 30 ns
tyr_ckpo Hold time: SCLK falling to (previous) data valid on SDO 10 ns
tsu_pock Setup time: SDO data valid to SCLK falling 25 ns
tsu_pick Setup time: SDI data valid to SCLK falling 5 ns
tHr_ckol Hold time: SCLK falling to (previous) data valid on SDI 5 ns
tsu_psvck Setup time: DAISY data valid to SCLK falling 5 ns
tHr_ckpSY Hold time: SCLK falling to (previous) data valid on DAISY 5 ns
Sample Sample
N N+1
M ‘ e ° ‘ .
< tcon 'ACQ
tpH_cs—| '«
= [
N

tsu_csck

D15
#1

D14
#1

D9
#1

Figure 1. Serial Interface Timing Diagram

tscik

tb_ckes
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7.7 Typical Characteristics
At T, = 25°C, AVDD =5V, DVDD = 3V, internal reference Vger = 4.096 V, and fsayp e = 500 kSPS, unless otherwise noted.

15 15 ‘
————— 25C
----- -40C
g 9 ;:f 9 | e 125C
~ , ~ Ld
= - = P
g 3 = g 3 -
=] P 5 p
) o O Lo
2 P l 3 -~
c -3 P g -3 s -~
D P (o))
S 8 ~
- S
[ N P N (R +1.25%V e < -
< 9t r +0.625" per g -9 A~
""" +2.5"Vier -
,,,,,, +1.25*V e
—15 ‘ -15
-10 -6 -2 2 6 10 -10 -6 -2 2 6 10
Input Voltage (V) coo1 Input Voltage (V) coo2
Input range = +2.5 X Vree
Figure 2. Input |-V Characteristic Figure 3. Input Current vs Temperature
10 800
T 6 640
Q.
o %]
= <
_.g Q.
a 2 E 480
3 2
% o
g 2 é 320
= 2
1= [ +1.25%
E— " REF 160
-10 . 0
-40 -7 26 59 92 125 0.85 0.88 0.91 0.94 0.97 1 1.03 1.06 1.09 1.12 1.15
Free- Air Temperature (°C) €005 Input Impedance (Mohm) co06
Number of samples = 1160
Figure 4. Input Impedance Variation vs Temperature Figure 5. Typical Distribution of Input Impedance
20000 20000
16000 16000
2 2
I 12000 T 12000
kS] kS]
@ @
Qo e}
E 8000 E 8000
z z
4000 4000
0 — J 0
32765 32766 32767 32768 32769 32770 32771 32765 32766 32767 32768 32769 32770 32771
Output Codes coo7 Output Codes coos
Mean = 32767.8, sigma = 0.58, input =0V, Mean = 32768.1, sigma = 0.63, input =0V,
range = 2.5 x Vgee range = +1.25 x Vgge
Figure 6. DC Histogram for Mid-Scale Inputs (¥2.5 x Vggf) Figure 7. DC Histogram for Mid-Scale Inputs (+1.25 x Vggf)
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, DVDD = 3V, internal reference Vggr = 4.096 V, and fsayp e = 500 kSPS, unless otherwise noted.

20000

16000

12000

8000 [——

Number of Hits

4000 F———

32764 32766 32768 32770 32772
Output Codes co09
Mean = 32767.9, sigma = 0.76, input =0 V,
range = +£0.625 x Vrgr

Figure 8. DC Histogram for Mid-Scale Inputs (+0.625 x Vrgg)

20000

16000

12000

8000

Number of Hits

4000

Mean = 32767.75, sigma = 0.65, input = 1.25 x VRgF,

Figure 9. DC Histogram for Mid-Scale Inputs (2.5 x Vggf)

- i

32764 32766 32768 32770
Output Codes

range = 2.5 x Vggg

32772

Co10

20000 1.4
16000 g 1
2
2 z
T 12000 8
5 £
3 §
£ 8000 =
z g
o
=
4000 £ 06
0 - | . -1
32764 32766 32768 32770 32772 0 16384 32768 49152 65536
Output Codes coi1 Codes (LSB) co12
Mean = 32768.90, sigma = 0.75, input = 0.625 X Vg, All input ranges
range = 1.25 x Vggg
Figure 10. DC Histogram for Mid-Scale Inputs (1.25 x Vggf) Figure 11. Typical DNL for All Codes
1.4 2
- 15
m 1 —
n om
= 2"
> Maximum =
£ 0.6
3 2 05
g g
€ 0.2 £ 0
2 5
g 02 5 05
& - Minimum % .
[} 9 -
£ 06 E
a -0. -15
-1 -2
-40 -7 26 59 92 125 0 16384 32768 49152 65536
Free-Air Temperature (°C) cots Codes (LSB) co1a
All input ranges Range = £2.5 x Vrep
Figure 12. DNL vs Temperature Figure 13. Typical INL for All Codes
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, DVDD = 3V, internal reference Vggr = 4.096 V, and fsayp e = 500 kSPS, unless otherwise noted.

2 2
15 15
o o
n 1 n 1
2 =2
2 05 2 05
[ [
() ()
IS IS
o o
Z .05 Z .05
[ [
g 1 g 1
£ £
-15 -15
-2 2
0 16384 32768 49152 65536 0 16384 32768 49152 65536
Codes (LSB) co1s Codes (LSB) cot6
Range = £1.25 x Vgrgr Range = +0.625 x Vggg
Figure 14. Typical INL for All Codes Figure 15. Typical INL for All Codes
2 2
15 15
o o
n 1 n 1
=2 =2
2 05 Z 05
[ [
Q Q
fy fy
o o
Z .05 Z .05
[ [
g a g
IS IS
-15 -15
-2 -2
0 16384 32768 49152 65536 0 16384 32768 49152 65536
Codes (LSB) co17 Codes (LSB) co18
Range = 2.5 x Vggg Range = 1.25 x Vrer
Figure 16. Typical INL for All Codes Figure 17. Typical INL for All Codes
2 2
15
o o
n 1 n 1
2 = .
2 Maximum 2 05 Maximum
@ I
[} ]
£ 0 £ 0
= c
(=} =]
: o
g Minimum 5 Minimum
o -1 g -1
S S
-15
-2 -2
-40 -7 26 59 92 125 -40 -7 26 59 92 125
Free-Air Temperature (°C) coi9 Free-Air Temperature (°C) co61
Range = £2.5 x Vrgr Range = +1.25 x Vrge
Figure 18. INL vs Temperature (2.5 X Vggp) Figure 19. INL vs Temperature (£1.25 x Vrgp)
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, DVDD = 3V, internal reference Vggr = 4.096 V, and fsayp e = 500 kSPS, unless otherwise noted.

Range = 2.5 x Vggp

Figure 24. Typical Histogram for Offset Drift
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Free-Air Temperature (°C) co20 Free-Air Temperature (°C) coz1
Range = #0.625 x Vger Range = 2.5 x Vger
Figure 20. INL vs Temperature (+0.625 x Vgeg) Figure 21. INL vs Temperature (2.5 x Vggr)
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Figure 22. INL vs Temperature (1.25 x Vggr) Figure 23. Offset Error vs
Temperature Across Input Ranges
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Figure 25. Offset Error vs Temperature Across Channels
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, DVDD = 3V, internal reference Vggr = 4.096 V, and fsayp e = 500 kSPS, unless otherwise noted.

Gain (%FS)

0.05
----- +1.25% e
o3 b—————57F—— +0.625"Vier
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...... +1.25% per
0.01
- == om e - o -
-0.01;==-— = =E=s==5
-0.03
-0.05
-40 -7 26 59 92 125

Free-Air Temperature (°C) co26

Figure 26. Gain Error vs Temperature Across Input Ranges
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Figure 27. Typical Histogram for Gain Error Drift

Input Frequency (Hz)

Number of points = 64k, fjy = 1 kHz, SNR = 92.3 dB,
SINAD =91.9 dB, THD = 101 dB, SFDR = 104 dB
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Figure 30. Typical FFT Plot (£2.5 X VRrgp)
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Figure 28. Gain Error vs Temperature Across Channels Figure 29. Gain Error vs External Resistance (Rgxr)
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Figure 31. Typical FFT Plot (£1.25 x Vggf)
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Typical Characteristics (continued)
At T, = 25°C, AVDD =5V, DVDD = 3V, internal reference Vggr = 4.096 V, and fsayp e = 500 kSPS, unless otherwise noted.
0 0
-40 -40
o o
T -80 = -80
[} [}
3 3
zﬂ -120 ZQ -120
< <
-160 -160
—200 —200
0 50000 100000 150000 200000 250000 0 50000 100000 150000 200000 250000
Input Frequency (Hz) €032 Input Frequency (Hz) co33
Number of points = 64k, fijy = 1 kHz, SNR = 89.6 dB, Number of points = 64k, fjy = 1 kHz, SNR = 90.93 dB,
SINAD = 89.5 dB, THD = 106 dB, SFDR = 107 dB SINAD =90.48 dB, THD = 100 dB, SFDR =102 dB
Figure 32. Typical FFT Plot (+0.625 x VRrgg) Figure 33. Typical FFT Plot (2.5 x VRrgp)
0 92.5 T
92
40 R e T
g - - o
91 i — ]
g ~I-.
T -80 x 90.5 -~
ﬂ'; 2 90 NN
= s N
g -120 < 895 u_--——-_._-_~ﬁ
< b -
< 89 N
2 | +1.25"Vgee
_160 »n 885 | - +0.625*V ger N\
gs | T +2.5"Viep
...... +1.25%per
—200 87.5
0 50000 100000 150000 200000 250000 100 1000 10000
Input Frequency (Hz) cos4 Input Frequency (Hz) o35
Number of points = 64k, fjy = 1 kHz, SNR = 89.55 dB,
SINAD =89.4 dB, THD = 104 dB, SFDR = 107 dB
Figure 34. Typical FFT Plot (1.25 x Vggp) Figure 35. SNR vs Input Frequency
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Figure 36. SNR vs Temperature Figure 37. SINAD vs Input Frequency
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, DVDD = 3V, internal reference Vggr = 4.096 V, and fsayp e = 500 kSPS, unless otherwise noted.
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Figure 38. SINAD vs Temperature Figure 39. THD vs Input Frequency
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, DVDD = 3V, internal reference Vggr = 4.096 V, and fsayp e = 500 kSPS, unless otherwise noted.
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Figure 47. AVDD Current vs Temperature for the ADS8684
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Figure 48. AVDD Current vs Temperature for the ADS8684
(During Sampling)

Figure 49. AVDD Current vs Temperature
(STANDBY)
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Typical Characteristics (continued)

At T, = 25°C, AVDD =5V, DVDD = 3V, internal reference Vggr = 4.096 V, and fsayp e = 500 kSPS, unless otherwise noted.
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Figure 50. AVDD Current vs Temperature
(Power Down)
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8 Detailed Description

8.1 Overview

The ADS8684 and ADS8688 are 16-bit data acquisition systems with 4- and 8-channel analog inputs,
respectively. Each analog input channel consists of an overvoltage protection circuit, a programmable gain
amplifier (PGA), and a second-order, antialiasing filter that conditions the input signal before being fed into a 4-
or 8-channel analog multiplexer (MUX). The output of the MUX is digitized using a 16-bit analog-to-digital
converter (ADC), based on the successive approximation register (SAR) architecture. This overall system can
achieve a maximum throughput of 500 kSPS, combined across all channels. The devices feature a 4.096-V
internal reference with a fast-settling buffer and a simple SPI-compatible serial interface with daisy-chain (DAISY)
feature.

The devices operate from a single 5-V analog supply and can accommodate true bipolar input signals up to
+2.5 x Vree. The devices offer a constant 1-MQ resistive input impedance irrespective of the sampling frequency
or the selected input range. The integration of multichannel precision analog front-end circuits with high input
impedance and a precision ADC operating from a single 5-V supply offers a simplified end solution without
requiring external high-voltage bipolar supplies and complicated driver circuits.

8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Analog Inputs

The ADS8684 and ADS8688 have either four or eight analog input channels, respectively, such that the positive
inputs AIN_nP (n = 0 to 3 or 7) are the single-ended analog inputs and the negative inputs AIN_nGND are tied to
GND. Figure 51 shows the simplified circuit schematic for each analog input channel, including the input
overvoltage protection circuit, PGA, low-pass filter (LPF), high-speed ADC driver, and analog multiplexer.

\ cs

2nd-Order ADC MUX ADC =N ESILK
LPF \—/

Dri
river SDO

DAISY
Figure 51. Front-End Circuit Schematic for Each Analog Input Channel

AIN_nP

AIN_nGND

NOTE: ADS8684: n =0 to 3. ADS8688: n =010 7.

The devices can support multiple unipolar or bipolar, single-ended input voltage ranges based on the
configuration of the program registers. As explained in the Range Select Registers section, the input voltage
range for each analog channel can be configured to bipolar +2.5 x Vggg, £1.25 X Vger, and £0.625 x Vgge oOfr
unipolar 0 to 2.5 x Vger and 0 to 1.25 x Vger. With the internal or external reference voltage set to 4.096 V, the
input ranges of the device can be configured to bipolar ranges of £10.24 V, £5.12 V, and +2.56 V or unipolar
ranges of 0 Vt0 10.24 Vand 0 Vto 5.12 V, £10.24 V, +5.12 V, +2.56 V, +1.28 V, and +0.64 V or unipolar ranges
of 0V1t010.24V,0Vto5.12V,0Vto 256V, and 0V to 1.28 V. Any of these input ranges can be assigned to
any analog input channel of the device. For instance, the +2.5 x Vg range can be assigned to AIN_1P, the
+1.25 x Vggr range can be assigned to AIN_2P, the 0 V to 2.5 x Vg range can be assigned to AIN_3P, and so
forth.

The devices sample the voltage difference (AIN_nP — AIN_nGND) between the selected analog input channel
and the AIN_nGND pin. The devices allow a +0.1-V range on the AIN_nGND pin for all analog input channels.
This feature is useful in modular systems where the sensor or signal conditioning block is further away from the
ADC on the board and when a difference in the ground potential of the sensor or signal conditioner from the ADC
ground is possible. In such cases, Tl recommends running separate wires from the AIN_nGND pin of the device
to the sensor or signal conditioning ground.

8.3.2 Analog Input Impedance

Each analog input channel in the device presents a constant resistive impedance of 1 MQ. The input impedance
is independent of either the ADC sampling frequency, the input signal frequency, or range. The primary
advantage of such high-impedance inputs is the ease of driving the ADC inputs without requiring driving
amplifiers with low output impedance. Bipolar, high-voltage power supplies are not required in the system
because this ADC does not require any high-voltage front-end drivers. In most applications, the signal sources or
sensor outputs can be directly connected to the ADC input, which significantly simplifies the design of the signal
chain.

In order to maintain the dc accuracy of the system, matching the external source impedance on the AIN_nP input
pin with an equivalent resistance on the AIN_nGND pin is recommended. This matching helps to cancel any
additional offset error contributed by the external resistance.
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Feature Description (continued)
8.3.3 Input Overvoltage Protection Circuit

The ADS8684 and ADS8688 feature an internal overvoltage protection circuit on each of the four or eight analog
input channels, respectively. Use these protection circuits as a secondary protection scheme to protect the
device. Tl highly recommends using external protection devices against surges, electrostatic discharge (ESD),
and electrical fast transient (EFT) conditions. The conceptual block diagram of the internal overvoltage protection
(OVP) circuit is shown in Figure 52.

AVDD
Ve

ov Ree
ESD

Ve.
» Rs AIN_nP o1p

D2p AP Vour
Rs AIN_nGND "y i %om vl o,

RDC

GND

Figure 52. Input Overvoltage Protection Circuit Schematic

As shown in Figure 52, the combination of the 1-MQ input resistors along with the PGA gain-setting resistors
(Reg and Rpc) limit the current flowing into the input pins. A combination of antiparallel diodes (D1 and D2) are
added on each input pin to protect the internal circuitry and set the overvoltage protection limits.

Table 1 explains the various operating conditions for the device when the device is powered on. Table 1
indicates that when the AVDD pin of the device is connected to the proper supply voltage (AVDD = 5 V) or offers
a low impedance of < 30 kQ, the internal overvoltage protection circuit can withstand up to 20 V on the analog
input pins.

Table 1. Input Overvoltage Protection Limits When AVDD =5 V or Offers a Low Impedance of < 30 kQ®

INPUT CONDITION TEST ADC
(Vovp = £20 V) CONDITION | OUTPUT SN
IViNI < [VranGE| Within operating range Argr:gggt Valid Device functions as per data sheet specifications

Beyond operating range but All input ADC output is saturated, but device is internally

[Vrancel < IVinl < [Vovel Saturated

within overvoltage range ranges protected (not recommended for extended time)
All input This usage condition may cause irreversible damage
Vinl > [Vovpl Beyond overvoltage range ranges Saturated to the device

(1) GND =0, AIN_nGND =0V, |Vgrancel is the maximum input voltage for any selected input range, and |Voyp| is the break-down voltage
for the internal OVP circuit. Assume Rg is approximately O.

The results indicated in Table 1 are based on an assumption that the analog input pins are driven by very low
impedance sources (Rg is approximately 0). However, if the sources driving the inputs have higher impedance,
the current flowing through the protection diodes reduces further, thereby increasing the OVP voltage range.
Note that higher source impedance results in gain errors and contributes to overall system noise performance.
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Figure 53 shows the voltage versus current response of the internal overvoltage protection circuit when the
device is powered on. According to this current-to-voltage (I-V) response, the current flowing into the device input
pins is limited by the 1-MQ input impedance. However, for voltages beyond +20 V, the internal node voltages
surpass the break-down voltage for internal transistors, thus setting the limit for overvoltage protection on the
input pins.

The same overvoltage protection circuit also provides protection to the device when the device is not powered on
and AVDD is floating with an impedance > 30 kQ. This condition can arise when the input signals are applied
before the ADC is fully powered on. The overvoltage protection limits for this condition are shown in Table 2.

Table 2. Input Overvoltage Protection Limits When AVDD = Floating with Impedance > 30 kQ®

INPUT CONDITION TEST
(Vovp = #11 V) CONDITION ADC OUTPUT COMMENTS
o . . Device is not functional but is protected internally by
IVinl < [Vovel Within overvoltage range All input ranges Invalid the OVP circuit.
Vil > Vol Beyond overvoltage range Al input ranges Invalid This usage condition may cause irreversible damage

to the device.

(1) AVDD = floating, GND = 0, AIN_nGND =0V, |Vrancel is the maximum input voltage for any selected input range, and [Voyp| is the

break-down voltage for the internal OVP circuit. Assume Rg is approximately 0.

Figure 54 shows the voltage versus current response of the internal overvoltage protection circuit when the
device is not powered on. According to this I-V response, the current flowing into the device input pins is limited
by the 1-MQ input impedance. However, for voltages beyond +11 V, the internal node voltages surpass the
break-down voltage for internal transistors, thus setting the limit for overvoltage protection on the input pins.
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Figure 53. |-V Curve for an Input OVP Circuit
(AVDD =5V)
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Figure 54. |-V Curve for an Input OVP Circuit

(AVDD = Floating)
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8.3.4 Programmable Gain Amplifier (PGA)

The devices offer a programmable gain amplifier (PGA) at each individual analog input channel, which converts
the original single-ended input signal into a fully-differential signal to drive the internal 16-bit ADC. The PGA also
adjusts the common-mode level of the input signal before being fed into the ADC to ensure maximum usage of
the ADC input dynamic range. Depending on the range of the input signal, the PGA gain can be accordingly
adjusted by setting the Range_CHn[3:0] (n = 0 to 3 or 7) bits in the program register. The default or power-on
state for the Range_CHnN[3:0] bits is 000, which corresponds to an input signal range of 2.5 x Vrge. Table 3 lists
the various configurations of the Range_CHn[3:0] bits for the different analog input voltage ranges.

The PGA uses a very highly-matched network of resistors for multiple gain configurations. Matching between
these resistors and the amplifiers across all channels is accurately trimmed to keep the overall gain error low
across all channels and input ranges.

Table 3. Input Range Selection Bits Configuration

Range_CHn[3:0]
ANALOG INPUT RANGE
BIT 3 BIT 2 BIT1 BIT 0
+2.5 x VREF 0 0 0 0
+1.25 x VREF 0 0 0 1
+0.625 x VREF 0 0 1 0
0to 2.5 x Vger 0 1 0 1
0to 1.25 x Vger 0 1 1 0

8.3.5 Second-Order, Low-Pass Filter (LPF)

In order to mitigate the noise of the front-end amplifiers and gain resistors of the PGA, each analog input channel
of the ADS8684 and ADS8688 features a second-order, antialiasing LPF at the output of the PGA. The
magnitude and phase response of the analog antialiasing filter are shown in Figure 55 and Figure 56,
respectively. For maximum performance, the —3-dB cutoff frequency for the antialiasing filter is typically set to
15 kHz. The performance of the filter is consistent across all input ranges supported by the ADC.
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Figure 55. Second-Order LPF Magnitude Response Figure 56. Second-Order LPF Phase Response

8.3.6 ADC Driver

In order to meet the performance of a 16-bit, SAR ADC at the maximum sampling rate (500 kSPS), the sample-
and-hold capacitors at the input of the ADC must be successfully charged and discharged during the acquisition
time window. This drive requirement at the inputs of the ADC necessitates the use of a high-bandwidth, low-
noise, and stable amplifier buffer. Such an input driver is integrated in the front-end signal path of each analog
input channel of the device. During transition from one channel of the multiplexer to another channel, the fast
integrated driver ensures that the multiplexer output settles to 16-bit accuracy within the acquisition time of the
ADC, irrespective of the input levels on the respective channels.
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8.3.7 Multiplexer (MUX)

The ADS8684 and ADS8688 feature an integrated 4- and 8-channel analog multiplexer, respectively. For each
analog input channel, the voltage difference between the positive analog input AIN_nP and the negative ground
input AIN_nGND is conditioned by the analog front-end circuitry before being fed into the multiplexer. The output
of the multiplexer is directly sampled by the ADC. The multiplexer in the device can scan these analog inputs in
either manual or auto-scan mode, as explained in Channel Sequencing Modes section. In manual mode
(MAN_Ch_n), the channel is selected for every sample via a register write; in auto-scan mode (AUTO_RST), the
channel number is incremented automatically on every CS falling edge after the present channel is sampled. The
analog inputs can be selected for an auto scan with register settings (refer to Auto-Scan Sequencing Control
Registers section). The devices automatically scan only the selected analog inputs in ascending order.

The maximum overall throughput for the ADS8684 and ADS8688 is specified at 500 kSPS across all channels.
The per channel throughput is dependent on the number of channels selected in the multiplexer scanning
sequence. For example, the throughput per channel is equal to 250 kSPS if only two channels are selected, but
is equal to 125 kSPS per channel if four channels are selected (as in the ADS8684), and so forth.

Refer to Table 6 for command register settings to switch between the auto-scan mode and manual mode for
individual analog channels.

8.3.8 Reference

The ADS8684 and ADS8688 can operate with either an internal voltage reference or an external voltage
reference using the internal buffer. The internal or external reference selection is determined by an external
REFSEL pin. The devices have a built-in buffer amplifier to drive the actual reference input of the internal ADC
core for maximizing performance.

8.3.8.1 Internal Reference

The devices have an internal 4.096-V (nominal value) reference. In order to select the internal reference, the
REFSEL pin must be tied low or connected to AGND. When the internal reference is used, REFIO (pin 5)
becomes an output pin with the internal reference value. TI recommends placing a 10-pF (minimum) decoupling
capacitor between the REFIO pin and REFGND (pin 6), as shown in Figure 57. The capacitor must be placed as
close to the REFIO pin as possible. The output impedance of the internal band-gap circuit creates a low-pass
filter with this capacitor to band-limit the noise of the reference. The use of a smaller capacitor value allows
higher reference noise in the system, thus degrading SNR and SINAD performance. Do not use the REFIO pin to
drive external ac or dc loads because REFIO has limited current output capability. The REFIO pin can be used
as a source if followed by a suitable op amp buffer (such as the OPA320).

AVDD
4.096
VREF
l\; REFSEL
<\ -
° 1
REFIO =

+ REFCAP 10pF 1~

1 L
Tl“F 22uF
REFGND ¢ .

ADC AGND =i

1

Figure 57. Device Connections for Using an Internal 4.096-V Reference

26 Submit Documentation Feedback Copyright © 2014-2015, Texas Instruments Incorporated
Product Folder Links: ADS8684 ADS8688


http://www.ti.com/product/ads8684?qgpn=ads8684
http://www.ti.com/product/ads8688?qgpn=ads8688
http://www.ti.com
http://www.ti.com/product/opa320
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS582C&partnum=ADS8684
http://www.ti.com/product/ads8684?qgpn=ads8684
http://www.ti.com/product/ads8688?qgpn=ads8688

13 TEXAS
INSTRUMENTS
ADS8684, ADS8688

www.ti.com SBAS582C —JULY 2014—REVISED APRIL 2015

The device internal reference is factory trimmed to a maximum initial accuracy of +1 mV. The histogram in
Figure 58 shows the distribution of the internal voltage reference output taken from more than 3300 production
devices.
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Figure 58. Internal Reference Accuracy at Room Temperature Histogram

The initial accuracy specification for the internal reference can be degraded if the die is exposed to any
mechanical or thermal stress. Heating the device while being soldered to a PCB and any subsequent solder
reflow is a primary cause for shifts in the Vgee value. The main cause of thermal hysteresis is a change in die
stress and therefore is a function of the package, die-attach material, and molding compound, as well as the
layout of the device itself.

In order to illustrate this effect, 80 devices were soldered using lead-free solder paste with the manufacturer's
suggested reflow profile, as explained in the Application Report AN-2029 Handling & Process Recommendations
(SNOA550). The internal voltage reference output is measured before and after the reflow process and the
typical shift in value is displayed in Figure 59. Although all tested units exhibit a positive shift in their output
voltages, negative shifts are also possible. Note that the histogram in Figure 59 displays the typical shift for
exposure to a single reflow profile. Exposure to multiple reflows, which is common on PCBs with surface-mount
components on both sides, causes additional shifts in the output voltage. If the PCB is to be exposed to multiple
reflows, solder the ADS8684 and ADS8688 in the second pass to minimize device exposure to thermal stress.
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Figure 59. Solder Heat Shift Distribution Histogram
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The internal reference is also temperature compensated to provide excellent temperature drift over an extended
industrial temperature range of —40°C to 125°C. Figure 60 shows the variation of the internal reference voltage
across temperature for different values of the AVDD supply voltage. The typical specified value of the reference
voltage drift over temperature is 6 ppm/°C (Figure 61) and the maximum specified temperature drift is equal to
10 ppm/°C.

4.1 . 20
----- AVDD =525V
409 F——— 11— .. AVDD =5V ]
408 }b— L AVDD =4.75V a 16
S 4.097 8
[0} — S
E 4.096 _ - - S o g 12
S 4.095 f - - “E
Q
O 4.004 S < g 8
g 4.003 -~ 3
4.092 4
4.001 I_ 1
4.09 0
-40 -7 26 59 92 125 1 2 3 4 5 6 7 8 9 10
Free-Air Temperature (°C) cos3 REFIO Drift (ppm/°C) cos4
AVDD =5V, Number of Devices = 30, AT = —-40°C to 125°C
Figure 60. Variation of the Internal Reference Output Figure 61. Internal Reference Temperature Drift Histogram
(REFIO) Across Supply and Temperature

8.3.8.2 External Reference

For applications that require a better reference voltage or a common reference voltage for multiple devices, the
ADS8684 and ADS8688 offer a provision to use an external reference along with an internal buffer to drive the
ADC reference pin. In order to select the external reference mode, either tie the REFSEL pin high or connect this
pin to the DVDD supply. In this mode, an external 4.096-V reference must be applied at REFIO (pin 5), which
becomes an input pin. Any low-power, low-drift, or small-size external reference can be used in this mode
because the internal buffer is optimally designed to handle the dynamic loading on the REFCAP pin, which is
internally connected to the ADC reference input. The output of the external reference must be appropriately
filtered to minimize the resulting effect of the reference noise on system performance. A typical connection
diagram for this mode is shown in Figure 62.
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Figure 62. Device Connections for Using an External 4.096-V Reference
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The output of the internal reference buffer appears at the REFCAP pin. A minimum capacitance of 10 pF must
be placed between REFCAP (pin 7) and REFGND (pin 6). Place another capacitor of 1 pF as close to the
REFCAP pin as possible for decoupling high-frequency signals. Do not use the internal buffer to drive external ac
or dc loads because of the limited current output capability of this buffer.

The performance of the internal buffer output is very stable across the entire operating temperature range of
—40°C to 125°C. Figure 63 shows the variation in the REFCAP output across temperature for different values of
the AVDD supply voltage. The typical specified value of the reference buffer drift over temperature is 1 ppm/°C
(Figure 64) and the maximum specified temperature drift is equal to 1.5 ppm/°C.
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Figure 63. Variation of the Reference Buffer Output Figure 64. Reference Buffer Temperature Drift Histogram
(REFCAP) Across Supply and Temperature

8.3.9 Auxiliary Channel

The devices include a single-ended auxiliary input channel (AUX_IN and AUX_GND). The AUX channel provides
direct interface to an internal, high-precision, 16-bit ADC through the multiplexer because this channel does not
include the front-end analog signal conditioning that the other analog input channels have. The AUX channel
supports a single unipolar input range of 0 V to Vg because there is no front-end PGA. The input signal on the
AUX_IN pin can vary from 0 V to Vggg, Whereas the AUX_GND pin must be tied to GND.

When a conversion is initiated, the voltage between these pins is sampled directly on an internal sampling
capacitor (75 pF, typical). The input current required to charge the sampling capacitor is determined by several
factors, including the sampling rate, input frequency, and source impedance. For slow applications that use a
low-impedance source, the inputs of the AUX c