ANALOG
DEVICES

4-Channel, Low Noise, Low Power, 24-Bit,
Sigma-Delta ADC with PGA and Reference

AD7124-4

FEATURES

3 power modes
RMS noise
Low power: 24 nV rms at 1.17 SPS, gain = 128 (255 pA typical)
Mid power: 20 nV rms at 2.34 SPS, gain = 128 (355 pA typical)
Full power: 23 nV rms at 9.4 SPS, gain = 128 (930 pA typical)
Up to 22 noise free bits in all power modes (gain =1)
Output data rate
Full power: 9.38 SPS to 19,200 SPS
Mid power: 2.34 SPS to 4800 SPS
Low power: 1.17 SPS to 2400 SPS
Rail-to-rail analog inputs for gains > 1
Simultaneous 50 Hz/60 Hz rejection at 25 SPS (single cycle
settling)
Diagnostic functions (which aid safe integrity level (SIL)
certification)
Crosspoint multiplexed analog inputs
4 differential/7 pseudo differential inputs
Programmable gain (1 to 128)
Band gap reference with 15 ppm/°C drift maximum (65 pA)
Matched programmable excitation currents
Internal clock oscillator
On-chip bias voltage generator

Low-side power switch
General-purpose outputs
Multiple filter options
Internal temperature sensor
Self and system calibration
Sensor burnout detection
Automatic channel sequencer
Per channel configuration
Power supply:2.7Vto 3.6 Vand +1.8V
Independent interface power supply
Power-down current: 5 pA maximum
Temperature range: —40°C to +105°C
32-lead LFCSP/24-lead TSSOP
3-wire or 4-wire serial interface
SPI, QSPI, MICROWIRE, and DSP compatible
Schmitt trigger on SCLK
ESD: 4 kV

APPLICATIONS

Temperature measurement
Pressure measurement
Industrial process control
Instrumentation

Smart transmitters
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AD7124-4

GENERAL DESCRIPTION

The AD7124-4 is a low power, low noise, completely integrated
analog front end for high precision measurement applications.
The device contains a low noise, 24-bit 2-A analog-to-digital
converter (ADC), and can be configured to have four differential
inputs or seven single-ended or pseudo differential inputs. The
on-chip low gain stage ensures that signals of small amplitude
can be interfaced directly to the ADC.

One of the major advantages of the AD7124-4 is that it gives the
user the flexibility to employ one of three integrated power
modes. The current consumption, range of output data rates,
and rms noise can be tailored with the power mode selected.
The device also offers a multitude of filter options, ensuring that
the user has the highest degree of flexibility.

The AD7124-4 can achieve simultaneous 50 Hz and 60 Hz
rejection when operating at an output data rate of 25 SPS (single
cycle settling), with rejection in excess of 80 dB achieved at lower
output data rates.

The AD7124-4 establishes the highest degree of signal chain
integration. The device contains a precision, low noise, low
drift internal band gap reference, and also accepts an external
differential reference, which can be internally buffered. Other
key integrated features include programmable low drift excitation
current sources, burnout currents, and a bias voltage generator,
which sets the common-mode voltage of a channel to AVpp/2.
The low-side power switch enables the user to power down
bridge sensors between conversions, ensuring the absolute
minimal power consumption of the system. The device also
allows the user the option of operating with either an internal
clock or an external clock.

The integrated channel sequencer allows several channels to be
enabled simultaneously, and the AD7124-4 sequentially converts

Table 1. AD7124-4 Overview

on each enabled channel, simplifying communication with the
device. As many as 16 channels can be enabled at any time; a
channel being defined as an analog input or a diagnostic such
as a power supply check or a reference check. This unique
feature allows diagnostics to be interleaved with conversions.
The AD7124-4 also supports per channel configuration. The
device allows eight configurations or setups. Each configuration
consists of gain, filter type, output data rate, buffering, and
reference source. The user can assign any of these setups on a
channel by channel basis.

The AD7124-4 also has extensive diagnostic functionality
integrated as part of its comprehensive feature set. These
diagnostics include a cyclic redundancy check (CRC), signal
chain checks, and serial interface checks, which lead to a more
robust solution. These diagnostics reduce the need for external
components to implement diagnostics, resulting in reduced
board space needs, reduced design cycle times, and cost savings.
The failure modes effects and diagnostic analysis (FMEDA) of a
typical application has shown a safe failure fraction (SFF) greater
than 90% according to IEC 61508.

The device operates with a single analog power supply from 2.7 V
to 3.6 V or a dual 1.8 V power supply. The digital supply has a
range of 1.65 V to 3.6 V. It is specified for a temperature range
of —40°C to +105°C. The AD7124-4 is housed in a 32-lead
LFCSP package and a 24-lead TSSOP package.

Note that, throughout this data sheet, multifunction pins, such

as DOUT/RDY, are referred to either by the entire pin name or

by a single function of the pin, for example, RDY, when only
that function is relevant.

Parameter Low Power Mode

Maximum Output Data Rate 2400 SPS

RMS Noise (Gain = 128) 24 nV

Peak-to-Peak Resolution at 1200 SPS 16.4 bits
(Gain=1)

Typical Current (ADC + PGA) 255 pA

Mid Power Mode Full Power Mode
4800 SPS 19,200 SPS

20 nV 23nV

17.1 bits 18 bits

355 pA 930 pA
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AD7124-4

SPECIFICATIONS

AVpp =29V to 3.6 V (full power mode), 2.7 V to 3.6 V (mid and low power mode), IOVpp = 1.65 V t0 3.6 V, AVss = DGND =0 V,
REFINx(+) = 2.5 V, REFINx(-) = AVss, all specifications Tux to Tmax, unless otherwise noted.

Table 2.
Parameter’ Min Typ Max Unit Test Conditions/Comments
ADC
Output Data Rate, faoc
Low Power Mode 1.17 2400 SPS
Mid Power Mode 2.34 4800 SPS
Full Power Mode 9.38 19,200 SPS
No Missing Codes? 24 Bits FS* > 2, sinc* filter
24 Bits FS® > 8, sinc filter
Resolution See the RMS Noise and Resolution
section
RMS Noise and Update Rates See the RMS Noise and Resolution
section
Integral Nonlinearity (INL)
Low Power Mode? -4 +1 +4 ppm of FSR Gain=1
-15 +2 +15 ppm of FSR Gain > 1, Ta=—-40°C to +85°C
-20 +2 +20 ppm of FSR Gain > 1, Ta=-40°Cto +105°C
Mid Power Mode? -4 +1 +4 ppmof FSR | Gain=1
-15 +2 +15 ppm of FSR Gain > 1
Full Power Mode -4 +1 +4 ppm of FSR Gain =12
-15 +2 +15 ppm of FSR Gain > 1
Offset Error*
Before Calibration +15 uv Gain=1t0 8
200/gain uv Gain=161to 128
After Internal Calibration/System In order of
Calibration noise
Offset Error Drift vs. Temperature®
Low Power Mode 10 nV/°C Gain=1orgain> 16
80 nV/°C Gain=2to 8
40 nV/°C Gain=16
Mid Power Mode 10 nV/°C Gain=1orgain> 16
40 nV/°C Gain=2to 8
20 nV/°C Gain=16
Full Power Mode 10 nV/°C
Gain Error*®
Before Internal Calibration —-0.0025 +0.0025 % Gain=1,Ta=25°C
-0.3 % Gain > 1
After Internal Calibration —-0.016 +0.004 +0.016 % Gain=2t08,Ta=25°C
+0.025 % Gain=16to0 128
After System Calibration In order of
noise
Gain Error Drift vs. Temperature 1 2 ppm/°C
Power Supply Rejection An = 1V/gain, external reference
Low Power Mode 84 dB Gain=2to 16
91 dB Gain=1orgain> 16
Mid Power Mode? 89 dB Gain=2to 16
95 dB Gain=1orgain>16
Full Power Mode 96 dB
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AD7124-4

Parameter’ Min Typ Max Unit Test Conditions/Comments
Common-Mode Rejection’
At DC? 85 90 dB An=1V,gain=1
At DC 100 105 dB Awn=1V/gain, gain 2 or 4
110 115 dB Awn = 1V/gain, gain = 8
Sinc?, Sinc* Filter?
At 50 Hz, 60 Hz 120 dB 10SPS,50Hz+1Hz, 60Hz + 1 Hz
At 50 Hz 120 dB 50 SPS, 50 Hz £ 1 Hz
At 60 Hz 120 dB 60 SPS,60 Hz+ 1 Hz
Fast Settling Filters?
At 50 Hz 115 dB First notch at 50 Hz, 50 Hz £ 1 Hz
At 60 Hz 115 dB First notch at 60 Hz, 60 Hz + 1 Hz
Post Filters?
At 50 Hz, 60 Hz 130 dB 20 SPS, 50 Hz £ 1 Hz, 60 Hz + 1 Hz
130 dB 25SPS,50Hz+ 1Hz, 60Hz + 1 Hz
Normal Mode Rejection?
Sinc* Filter
External Clock
At 50 Hz, 60 Hz 120 dB 10SPS,50Hz + 1 Hz, 60 Hz+ 1 Hz
82 dB 50 SPS, REJ60%=1, 50 Hz + 1 Hz,
60Hz+1Hz
At 50 Hz 120 dB 50 SPS, 50 Hz + 1 Hz
At 60 Hz 120 dB 60 SPS, 60 Hz+ 1 Hz
Internal Clock
At 50 Hz, 60 Hz 98 dB 10SPS,50Hz + 1 Hz, 60 Hz+ 1 Hz
66 dB 50 SPS, REJ60®=1,50 Hz + 1 Hz,
60Hz+1Hz
At 50 Hz 92 dB 50 SPS, 50 Hz + 1 Hz
At 60 Hz 92 dB 60 SPS, 60 Hz+ 1 Hz
Sinc® Filter
External Clock
At 50 Hz, 60 Hz 100 dB 10SPS,50Hz+ 1Hz, 60Hz + 1 Hz
66 dB 50 SPS, REJ60® = 1,50 Hz + 1 Hz,
60Hz+1Hz
At 50 Hz 100 dB 50SPS,50Hz+ 1 Hz
At 60 Hz 100 dB 60 SPS,60Hz+ 1 Hz
Internal Clock
At 50 Hz, 60 Hz 73 dB 10SPS,50Hz+1Hz, 60Hz+ 1 Hz
52 dB 50 SPS, REJ60® = 1,50 Hz + 1 Hz,
60Hz+1Hz
At 50 Hz 68 dB 50 SPS, 50 Hz + 1 Hz
At 60 Hz 68 dB 60 SPS,60Hz+ 1 Hz
Fast Settling Filters
External Clock
At 50 Hz 40 dB First notch at 50 Hz, 50 Hz £ 0.5 Hz
At 60 Hz 40 dB First notch at 60 Hz, 60 Hz + 0.5 Hz
Internal Clock
At 50 Hz 24.5 dB First notch at 50 Hz, 50 Hz £ 0.5 Hz
At 60 Hz 24.5 dB First notch at 60 Hz, 60 Hz + 0.5 Hz
Post Filters
External Clock
At 50 Hz, 60 Hz 86 dB 20SPS,50Hz+ 1Hz, 60Hz+ 1 Hz
62 dB 25 SPS, 50 Hz £ 1 Hz, 60 Hz + 1 Hz
Internal Clock
At 50 Hz, 60 Hz 67 dB 20SPS,50Hz+1Hz, 60Hz+ 1 Hz
50 dB 25SPS,50Hz+ 1Hz, 60Hz + 1 Hz
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AD7124-4

Parameter’ Min Typ Max Unit Test Conditions/Comments
ANALOG INPUTS?
Differential Input Voltage Ranges™ +Vrer/gain \Y Vrer = REFINX(+) — REFINX(-), or
internal reference
Absolute A Voltage Limits?
Gain = 1 (Unbuffered) AVss —0.05 AVop+0.05 | V
Gain = 1 (Buffered) AVss + 0.1 AVpp — 0.1 \Y
Gain > 1 AVss — 0.05 AVop + 0.05 \Y
Analog Input Current
Gain > 1 or Gain = 1 (Buffered)
Low Power Mode
Absolute Input Current +1 nA
Differential Input Current +0.2 nA
Analog Input Current Drift 25 pA/°C
Mid Power Mode
Absolute Input Current +1.2 nA
Differential Input Current +0.4 nA
Analog Input Current Drift 25 pA/°C
Full Power Mode
Absolute Input Current +3.3 nA
Differential Input Current +1.5 nA
Analog Input Current Drift 25 pA/°C
Gain =1 (Unbuffered) Current varies with input voltage
Absolute Input Current +2.65 pA/V
Analog Input Current Drift 1.1 nA/V/°C
REFERENCE INPUT
Internal Reference
Initial Accuracy 25-0.2% 25 25+0.2% Vv Ta=25°C
Drift 2 10 ppm/°C TSSOP
2 15 ppm/°C LFCSP
Output Current 10 mA
Load Regulation 50 puV/mA
Power Supply Rejection 85 dB
External Reference
External REFIN Voltage? 1 2.5 AVop Vv REFIN = REFINx(+) — REFINX(-)
Absolute REFIN Voltage Limits? AVss —0.05 AVop+0.05 | V Unbuffered
AVss + 0.1 AVop — 0.1 \ Buffered
Reference Input Current
Buffered
Low Power Mode
Absolute Input Current +0.5 nA
Reference Input Current Drift 10 pA/°C
Mid Power Mode
Absolute Input Current +1 nA
Reference Input Current Drift 10 pA/°C
Full Power Mode
Absolute Input Current +3 nA
Reference Input Current Drift 10 pA/°C
Unbuffered
Absolute Input Current +12 MA
Reference Input Current Drift 6 nA/°C
Normal Mode Rejection Same as for analog inputs
Common-Mode Rejection 100 dB
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AD7124-4

Parameter’ Min Typ Max Unit Test Conditions/Comments
EXCITATION CURRENT SOURCES (IOUT0/IOUT1) Available on any analog input pin
Output Current 50/100/250/ HA
500/750/1000
Initial Tolerance +4 % Ta=25°C
Drift 50 ppm/°C
Current Matching +0.5 % Matching between IOUTO0 and
IOUT1, Vour=0V
Drift Matching 5 30 ppm/°C
Line Regulation (AVop) 2 %/V AVoo =3V £5%
Load Regulation 0.2 %/V
Output Compliance? AVss — 0.05 AVpp—-0.37 |V 50 pA/100 pA/250 pA/500 pA
current sources, 2% accuracy
AVss — 0.05 AVpp—-048 |V 750 pA and 1000 pA current
sources, 2% accuracy
BIAS VOLTAGE (Vsins) GENERATOR Available on any analog input pin
Veias AVss + (AVpp — \Y
AVss)/2
Veins Generator Start-Up Time 6.7 ps/nF Dependent on the capacitance
connected to AIN
TEMPERATURE SENSOR
Accuracy +0.5 °C
Sensitivity 13,584 Codes/°C
LOW-SIDE POWER SWITCH
On Resistance (Ron) 7 10 Q
Allowable Current? 30 mA Continuous current
BURNOUT CURRENTS
A Current 0.5/2/4 pA Analog inputs must be buffered
DIGITAL OUTPUTS (P1 to P4)
Output Voltage
High, Vou AVpp — 0.6 Vv Isource = 100 pA
Low, Voo 0.4 Y Isink = 100 A
DIAGNOSTICS
Power Supply Monitor Detect Level
Analog Low Dropout Regulator (ALDO) 1.6 \ AVop — AVss 2 2.7V
Digital LDO (DLDO) 1.55 \Y IOVop 2 1.75V
Reference Detect Level 0.7 1 \Y REF_DET_ERR bit active if Vrer < 0.7 V
AINM/AINP Overvoltage Detect Level AVop + 0.04 \Y
AINM/AINP Undervoltage Detect Level AVss — 0.04 \
INTERNAL/EXTERNAL CLOCK
Internal Clock
Frequency 614.4 - 5% 614.4 614.4+ 5% kHz
Duty Cycle 50:50 %
External Clock
Frequency 2.4576 MHz Internal divide by 4
Duty Cycle Range 45:55 to 55:45 %
LOGIC INPUTS?
Input Voltage
Low, Vine 0.3 X IOVop \Y 1.65V<I0OVpp <19V
0.35x10Vop | V 19V<IOVop <23V
0.7 \Y 23V<IOVop <36V
High, Vinu 0.7 X IOVop Vv 1.65V<I0Vop< 1.9V
0.65 X I0OVpp \Y 1.9V <IOVop <23V
1.7 \Y 23V<IOVep <27V
2 \Y 27V<I0OVop<3.6V
Hysteresis 0.2 0.6 \Y 1.65V<I0Vop<3.6V
Input Currents -1 +1 HA Vin = 10Vpp or GND
Input Capacitance 10 pF All digital inputs
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AD7124-4

Parameter’ Min Typ Max Unit Test Conditions/Comments
LOGIC OUTPUTS (INCLUDING CLK)
Output Voltage?
High, Vou I0Vpp — 0.35 Vv Isource = 100 A
Low, Voo 0.4 Y Isink = 100 A
Floating State Leakage Current -1 +1 HA
Floating State Output Capacitance 10 pF
Data Output Coding Offset binary
SYSTEM CALIBRATION?
Calibration Limit
Full-Scale 1.05x FS \Y
Zero-Scale -1.05x FS Y
Input Span 0.8 X FS 2.1 xFS Vv
POWER SUPPLY VOLTAGES FOR ALL POWER
MODES
AVpp to AVss
Low Power Mode 2.7 3.6 \Y
Mid Power Mode 2.7 3.6 \Y
Full Power Mode 29 3.6 \Y
I0Vop to GND 1.65 3.6 \"
AVss to GND -1.8 0 +1.8 \"
10Vop to AVss 54 Vv
POWER SUPPLY CURRENTS® ™
lavop, External Reference
Low Power Mode
Gain=1? 125 135 MA All buffers off
Gain =1 lavoo Increase per AIN Buffer? 15 20 MA
Gain=2to 8 205 235 A
Gain=161t0 128 235 280 A
lavoo Increase per Reference Buffer? 10 15 MA All gains
Mid Power Mode
Gain=1? 150 165 MA All buffers off
Gain = 1 lavoo Increase per AIN Buffer? 30 35 MA
Gain=2to 8 275 325 A
Gain=16to0 128 330 405 HA
lavop Increase per Reference Buffer? 20 30 MA All gains
Full Power Mode
Gain=1? 315 345 MA All buffers off
Gain = 1 lavoo Increase per AIN Buffer? 90 125 MA
Gain=2to 8 660 790 HA
Gain=161t0 128 875 1100 A
lavoo Increase per Reference Buffer? 85 110 MA All gains
lavop Increase
Due to Internal Reference? 50 65 MA Independent of power mode; the
reference buffers are not required
when using this reference
Due to Vaias® 15 20 HA Independent of power mode
Due to Diagnostics® 4 5 MA
liovoo
Low Power Mode 20 35 pA
Mid Power Mode 25 40 MA
Full Power Mode 55 85 pA
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AD7124-4

Parameter’ Min Typ Max Unit Test Conditions/Comments
POWER-DOWN CURRENTS Independent of power mode
Standby Current
Iavop 7 12 pA LDOs on only
liovop 8 17 HA
Power-Down Current
Iavop 1 3 HA
liovop 1 2 A

' Temperature range = —40°C to +105°C.

2 These specifications are not production tested but are supported by characterization data at the initial product release.

3 FS is the decimal equivalent of the FS[10:0] bits in the filter registers.

4Following a system or internal zero-scale calibration, the offset error is in the order of the noise for the programmed gain and output data rate selected. A system full-
scale calibration reduces the gain error to the order of the noise for the programmed gain and output data rate.

® Recalibration at any temperature removes these errors.

6 Gain error applies to both positive and negative full-scale. A factory calibration is performed at gain = 1, Ta= 25°C.

7When gain > 1, the common-mode voltage is between (AVss + 0.1 + 0.1/gain) and (AVop — 0.1 — 0.5/gain).

8 REJ6O0 is a bit in the filter registers. When the first notch of the sinc filter is at 50 Hz, a notch is placed at 60 Hz when REJ60 is set to 1. This gives simultaneous 50 Hz and
60 Hz rejection.

®When the gain is greater than 1, the analog input buffers are enabled automatically. The buffers can only be disabled when the gain equals 1.

19 When Vrer = (AVop — AVss), the typical differential input equals 0.92 x Veer/gain for the low and mid power modes and 0.86 x Vrer/gain for full power mode.

"' The digital inputs are equal to IOVop or DGND with excitation currents and bias voltage generator disabled.

TIMING CHARACTERISTICS

AVpp =29V to 3.6 V (full power mode), 2.7 V to 3.6 V (mid and low power mode), IOVpp = 1.65 V to 3.6 V, AVss = DGND = 0V, Input
Logic 0 = 0 V, Input Logic 1 = IOVop, unless otherwise noted.

Table 3.
Parameter'-2 Min Typ Max Unit Test Conditions/Comments
ts 100 ns SCLK high pulse width
ta 100 ns SCLK low pulse width
t2 Delay between consecutive read/write operations
3/MCLK3 ns Full power mode
12/MCLK ns Mid power mode
24/MCLK ns Low power mode
tis us DOUT/RDY high time if DOUT/RDY is low and the next
conversion is available
6 bs Full power mode
25 Ms Mid power mode
50 Ms Low power mode
tia SYNC low pulse width
3/MCLK ns Full power mode
12/MCLK ns Mid power mode
24/MCLK ns Low power mode
READ OPERATION
t 0 80 ns CS falling edge to DOUT/RDY active time
t? 0 80 ns SCLK active edge’ to data valid delay
ts7 10 80 ns Bus relinquish time after CS inactive edge
ts 0 ns SCLK inactive edge to CS inactive edge
2 SCLK inactive edge to DOUT/RDY high
10 ns The DOUT_RDY_DEL bit is cleared, the CS_EN bit is
cleared
110 ns The DOUT_RDY_DEL bit is set, the CS_EN bit is cleared
tra” ts ns Data valid after CS inactive edge, the CS_EN bit is set
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AD7124-4

Parameter'-2 Min Typ Max Unit Test Conditions/Comments
WRITE OPERATION
ts 0 ns CS falling edge to SCLK active edge’ setup time
to 30 ns Data valid to SCLK edge setup time
tio 25 ns Data valid to SCLK edge hold time
ti 0 ns CS rising edge to SCLK edge hold time

' These specifications were sample tested during the initial release to ensure compliance. All input signals are specified with ts = tr = 5 ns (10% to 90% of I0Vpp and
timed from a voltage level of IOVpp/2.

2 See Figure 3, Figure 4, Figure 5, and Figure 6.

3 MCLK is the master clock frequency.

4These specifications are measured with the load circuit shown in Figure 2 and defined as the time required for the output to cross the VoL or Vo limits.

®The SCLK active edge is the falling edge of SCLK.

¢ These specifications are derived from the measured time taken by the data output to change by 0.5 V when loaded with the circuit shown in Figure 2. The measured
number is then extrapolated back to remove the effects of charging or discharging the 25 pF capacitor. The times quoted in the timing characteristics are the true bus
relinquish times of the device and, therefore, are independent of external bus loading capacitances.

7RDY returns high after a read of the ADC. In single conversion mode and continuous conversion mode, the same data can be read again, if required, while RDYis high,
although subsequent reads must not occur close to the next output update. In continuous read mode, the digital word can be read only once.

8 When the CS_EN bit is cleared, the DOUT/RDY pin changes from its DOUT function to its RDY function, following the last inactive edge of the SCLK. When CS_EN s set,
the DOUT pin continues to output the LSB of the data until the CSinactive edge.

Timing Diagrams

Isink (100pA)

TO OUTPUT PIN

25pF ;;

10Vpp/2

Isource (100pA)

13197-002

Figure 2. Load Circuit for Timing Characterization
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Figure 3. Read Cycle Timing Diagram (CS_EN Bit Cleared)
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ABSOLUTE MAXIMUM RATINGS

Ta = 25°C, unless otherwise noted. THERMAL RESISTANCE

Table 4. 0 is specified for the worst case conditions, that is, a device
Parameter Rating soldered in a circuit board for surface-mount packages.
AVop to AVss —03Vto+3.96V Table 5. Thermal Resistance

IOVop to DGND -03Vto+3.96V Package Type O 01 Unit

IOVop to DGND -03Vto+3.96V 32-Lead LFCSP 325 32.71 °C/W

IOVop to AVss —0.3Vto+5.94V 24-Lead TSSOP 128 42 °C/W

AVss to DGND -1.98Vto+03V

Analog Input Voltage to AVss —-0.3VtoAVop+ 0.3V

Reference Input Voltage to AVss —-0.3VtoAVop+ 0.3V ESD CAUTION

Digital Input Voltage to DGND
Digital Output Voltage to DGND
AINx/Digital Input Current

patented or proprietary protection circuitry, damage

Operating Temperature Range —40°Cto +105°C ‘!ﬁ i \ may occur on devices subjected to high energy ESD.
Storage Temperature Range —-65°C to +150°C Therefore, proper ESD precautions should be taken to
Maximum Junction Temperature 150°C avoid performance degradation or loss of functionality.
Lead Temperature, Soldering

Reflow 260°C
ESD Ratings

Human Body Model (HBM) 4 kv

Field-Induced Charged Device 1250V

Model (FICDM)
Machine Model 400V

—0.3VtolOVpp+ 0.3V
—-0.3VtolOVpp+ 0.3V
10 mA

ESD (electrostatic discharge) sensitive device.

without detection. Although this product features

‘ Charged devices and circuit boards can discharge

Stresses at or above those listed under Absolute Maximum

Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.
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PIN CONFIGURATI

(=]

N AND FUNCTION DESCRIPTIONS

-
|n
4
X [ =[S 1=
X D|z G-
B3358m22
NT O DN O LW
MM OMONNNNN
REGCAPD 1 24 REGCAPA
10Vpp 2 23 AVgg )
DGND 3 AD7124-4 22 REFOUT DIN [1] [24] DOUT/RDY
AINO/IOUT/VBIAS 4 - 21 AIN7/IOUT/VBIAS/REFIN2(-) > =1 s7nG
AIN1/IOUT/VBIAS 5 (NTO?':OVS'EX‘,’E) 20 AING/IOUT/VBIAS/REFIN2(+) scLk [2] 23] SYNC
DNC 6 19 DNC CLK [3] [22] AVpp
DNC 7 18 DNC _
AIN2/IOUT/VBIAS/P1 8 17 AINS/IOUT/VBIAS Cs [4] [21] Psw
REGCAPD [5]| AD7124-4 |[20] REGCAPA
oo r-NnTLO TOP VIEW
fooTTOL® 10Voo [6][ (Not to Scale) [[*2] AVss
o -
g%%;;%%% DGND [7 | [15] REFOUT
£ >
E TRy Th = )
> & 5 AINO/IOUT/VBIAS [ | [17] AIN7/IOUT/VBIASIREFIN2(-)
g Q AIN1/IOUT/VBIAS [9| [16] AIN6/IOUT/VBIAS/REFIN2(+)
Q s
3 Z AIN2/IOUT/VBIAS/P1 [ig] [15] AINS/IOUTIVBIAS
< 14
NOTES 2 AIN3/IOUT/VBIAS/P2 [11] [14] AINanoUT/VBIAS .
1. DNC = DO NOT CONNECT. g REFIN1(+) [12 13] REFIN1(| g
2. CONNECT EXPOSED PAD TO AVss. 2 ) [z} 3] ) g
- | — -
Figure 9. 32-Lead LFCSP Pin Configuration Figure 10. 24-Lead TSSOP Pin Configuration

Table 6. Pin Function Descriptions

Pin No.

LFCSP TSSOP | Mnemonic

Description

1 5 REGCAPD
2 6 10Vop

3 7 DGND
4 8 AINO/IOUT/VBIAS

5 9 AIN1/IOUT/VBIAS

6,7,10, N/AT DNC
11,14,15,
18,19

8 10 AIN2/IOUT/VBIAS/P1

9 1" AIN3/IOUT/VBIAS/P2

Digital LDO Regulator Output. Decouple this pin to DGND with a 0.1 pF capacitor.

Serial Interface Supply Voltage, 1.65V to 3.6 V. IOVop is independent of AVoo. Therefore,
the serial interface can operate at 1.65 V with AVpp at 3.6V, for example.

Digital Ground Reference Point.

Analog Input 0/Output of Internal Excitation Current Source/Bias Voltage. This input pin is
configured via the configuration registers to be the positive or negative terminal of a
differential or pseudo differential input. Alternatively, the internal programmable excitation
current source can be made available at this pin. Either IOUTO or IOUT1 can be switched to
this output. A bias voltage midway between the analog power supply rails can be generated
at this pin.

Analog Input 1/0utput of Internal Excitation Current Source/Bias Voltage. This input pin is
configured via the configuration registers to be the positive or negative terminal of a
differential or pseudo differential input. Alternatively, the internal programmable excitation
current source can be made available at this pin. Either IOUTO or IOUT1 can be switched to
this output. A bias voltage midway between the analog power supply rails can be generated
at this pin.

Do Not Connect. Do not connect to these pins.

Analog Input 2/Output of Internal Excitation Current Source/Bias Voltage/General-
Purpose Output 1. This input pin is configured via the configuration registers to be the
positive or negative terminal of a differential or pseudo differential input. Alternatively,
the internal programmable excitation current source can be made available at this pin.
Either IOUTO or IOUT1 can be switched to this output. A bias voltage midway between the
analog power supply rails can be generated at this pin. This pin can also be configured as a
general-purpose output bit, referenced between AVss and AVop.

Analog Input 3/Output of Internal Excitation Current Source/Bias Voltage/General-
Purpose Output 2. This input pin is configured via the configuration registers to be the
positive or negative terminal of a differential or pseudo differential input. Alternatively,
the internal programmable excitation current source can be made available at this pin.
Either IOUTO or IOUT1 can be switched to this output. A bias voltage midway between the
analog power supply rails can be generated at this pin. This pin can also be configured as a
general-purpose output bit, referenced between AVss and AVop.
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Pin No.

LFCSP

TSSOP

Mnemonic

Description

12

13

16

17

20

21

22

23

24
25
26
27

28

12

13

14

15

16

17

18

19

20
21
22
23

24

REFIN1(+)

REFIN1(-)

AIN4/I0UT/VBIAS

AIN5/IOUT/VBIAS

AIN6/IOUT/VBIAS/
REFIN2(+)

AIN7/IOUT/VBIAS/
REFIN2(-)

REFOUT

AVss

REGCAPA
PSW
AVpp
SYNC

DOUT/RDY

Positive Reference Input. An external reference can be applied between REFIN1(+) and
REFIN1(-). REFIN1(+) can be anywhere between AVop and AVss + 1V. The nominal
reference voltage (REFIN1(+) — REFIN1(-)) is 2.5 V, but the device functions with a
reference from 1V to AVop.

Negative Reference Input. This reference input can be anywhere between AVss and AVpp —
1V.

Analog Input 4/Output of Internal Excitation Current Source/Bias Voltage. This input pin is
configured via the configuration registers to be the positive or negative terminal of a
differential or pseudo differential input. Alternatively, the internal programmable excitation
current source can be made available at this pin. Either IOUTO or IOUT1 can be switched to
this output. A bias voltage midway between the analog power supply rails can be generated
at this pin.

Analog Input 5/0utput of Internal Excitation Current Source/Bias Voltage. This input pin is
configured via the configuration registers to be the positive or negative terminal of a
differential or pseudo differential input. Alternatively, the internal programmable excitation
current source can be made available at this pin. Either IOUTO or IOUT1 can be switched to
this output. A bias voltage midway between the analog power supply rails can be generated
at this pin.

Analog Input 6/Output of Internal Excitation Current Source/Bias Voltage/Positive
Reference Input. This input pin is configured via the configuration registers to be the
positive or negative terminal of a differential or pseudo differential input. Alternatively,
the internal programmable excitation current source can be made available at this pin.
Either IOUTO or IOUT1 can be switched to this output. A bias voltage midway between the
analog power supply rails can be generated at this pin. This pin also functions as a positive
reference input for REFIN2(z). REFIN2(+) can be anywhere between AVpp and AVss + 1 V.
The nominal reference voltage (REFIN2(+) to REFIN2(-)) is 2.5V, but the device functions with
a reference from 1V to AVpo.

Analog Input 7/Output of Internal Excitation Current Source/Bias Voltage/Negative
Reference Input. This input pin is configured via the configuration registers to be the
positive or negative terminal of a differential or pseudo differential input. Alternatively,
the internal programmable excitation current source can be made available at this pin.
Either IOUTO or IOUT1 can be switched to this output. A bias voltage midway between the
analog power supply rails can be generated at this pin. This pin also functions as the
negative reference input for REFIN2(). This reference input can be anywhere between AVss
and AVpp—1V.

Internal Reference Output. The buffered output of the internal 2.5V voltage reference is
available on this pin.

Analog Supply Voltage. The voltage on AVpp is referenced to AVss. The differential
between AVbp and AVss must be between 2.7V and 3.6 V in mid or low power mode and
between 2.9V and 3.6 V in full power mode. AVss can be taken below 0V to provide a dual
power supply to the AD7124-4. For example, AVss can be tied to —1.8 V and AVpop can be
tied to +1.8V, providing a £1.8 V supply to the ADC.

Analog LDO Regulator Output. Decouple this pin to AVss with a 0.1 pF capacitor.
Low-Side Power Switch to AVss.

Analog Supply Voltage, Relative to AVss.

Synchronization Input. This pin is a logic input that allows synchronization of the digital
filters and analog modulators when using a number of AD7124-4 devices. When SYNC is
low, the nodes of the digital filter, the filter control logic, and the calibration control logic
are reset, and the analog modulator is held in a reset state. SYNC does not affect the digital
interface but does reset RDY to a high state if it is low.

Serial Data Output/Data Ready Output. DOUT/RDY functions as a serial data output pin to
access the output shift register of the ADC. The output shift register can contain data from
any of the on-chip data or control registers. In addition, DOUT/RDY operates as a data ready
pin, going low to indicate the completion of a conversion. If the data is not read after the
conversion, the pin goes high before the next update occurs. The DOUT/RDY falling edge
can also be used as an interrupt to a processor, indicating that valid data is available. With
an external serial clock, the data can be read using the DOUT/RDY pin. When CSis low, the
data/control word information is placed on the DOUT/RDY pin on the SCLK falling edge
and is valid on the SCLK rising edge.

Rev. A | Page 15 of 90



http://www.analog.com/AD7124-4?doc=AD7124-4.pdf
http://www.analog.com/AD7124-4?doc=AD7124-4.pdf

AD7124-4

Pin No.

LFCSP

TSSOP

Mnemonic

Description

29

30

31

32

1

DIN

SCLK

CLK

EP

Serial Data Input to the Input Shift Register on the ADC. Data in the input shift register is
transferred to the control registers within the ADC, with the register selection bits of the
communications register identifying the appropriate register.

Serial Clock Input. This serial clock input is for data transfers to and from the ADC. The SCLK pin
has a Schmitt-triggered input, making the interface suitable for opto-isolated applications. The
serial clock can be continuous with all data transmitted in a continuous train of pulses.
Alternatively, it can be a noncontinuous clock with the information being transmitted to
or from the ADC in smaller batches of data.

Clock Input/Clock Output. The internal clock can be made available at this pin.
Alternatively, the internal clock can be disabled, and the ADC can be driven by an external
clock. This allows several ADCs to be driven from a common clock, allowing simultaneous
conversions to be performed.

Chip Select Input. This is an active low logic input that selects the ADC. Use CS to select the
ADC in systems with more than one device on the serial bus or as a frame synchronization
signal in communicating with the device. CS can be hardwired low if the serial peripheral
interface (SPI) diagnostics are unused, allowing the ADC to operate in 3-wire mode with
SCLK, DIN, and DOUT interfacing with the device.

Exposed Pad. Connect the exposed pad to AVss.

"N/A means not applicable.
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 17. Input Referred Offset Error vs. Temperature (Gain = 8, Figure 20. Input Referred Offset Error vs. Temperature (Gain = 16,
Full Power Mode) Full Power Mode)
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Figure 18. Input Referred Offset Error vs. Temperature (Gain = 8, Figure 21. Input Referred Offset Error vs. Temperature (Gain = 16,
Mid Power Mode) Mid Power Mode)
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Figure 19. Input Referred Offset Error vs. Temperature (Gain = 8, Figure 22. Input Referred Offset Error vs. Temperature (Gain = 16,
Low Power Mode) Low Power Mode)
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Figure 28. INL vs. Differential Input Signal (Analog Input x Gain),

ODR = 50 SPS, Internal Reference




AD7124-4

25

20

COUNTS

2.502

2.501

2.500

2.499

2.498

2.497

2.496

INTERNAL REFERENCE VOLTAGE (V)

2.495

2.494

109 UNITS

2.499476 F

2.499078 [N
2.499675

2.498680 h

2.498879
2.499277
2.499874
2.500073
2.500272
2.500471
2.500671

INITIAL ACCURACY (V)

Figure 29. Internal Reference Voltage Histogram

28 UNITS

-40 -15 10 35 60 85 110

25

20

OCCURRENCE

TEMPERATURE (°C)

Figure 30. Internal Reference Voltage vs. Temperature

109 UNITS
=) N ¥ © ® o o + © o o
¥ o ¥ © ¥ © w S v o @
- w © o = I @ e = = ©
I o © ® - © 1B N o N~ <
© ® = < K o o B ©® o @
N e o n~ n @& W e « N 0
© © o © o o
T T | ‘? | I ‘? I ‘? } I

EXCITATION CURRENT ACCURACY (%)

Figure 31. IOUTx Current Initial Accuracy Histogram (500 uA)

OCCURRENCE

13197-027

13197-030

EXCITATION CURRENT (uA)

13197-028

EXCITATION CURRENT MISMATCH (%)

Rev. A | Page 20 of 90

30

25

20

15

10

490

480

475

470

460

109 UNITS
L= | i ENa

0 R I} R I} v v W 0
] @ o o I B L @
© o o ¥ © © o N ¥ @ =]
= S © o™ e K B N o © el
] @ o & @ © © ® K~ K «
- S S 9 S S 9 S o o =]
I I ] I I I I I I

EXCITATION CURRENT MATCHING (%)
Figure 32. I0UTx Current Initial Matching Histogram (500 uA)

e
7
o

29 UNITS

-40 -25 10 5

-0.4

-1.2

20 35 50 65 80 95 110
TEMPERATURE (°C)

Figure 33. Excitation Current Drift (500 uA)

29 UNITS

—

-40 -25 -10 5

20 35 50 65 8 95 110
TEMPERATURE (°C)

Figure 34. Excitation Current Drift Matching (500 uA)

13197-031

13197-032

13197-033




AD7124-4

EXCITATION CURRENT (NORMALIZED) EXCITATION CURRENT (NORMALIZED)

ANALOG CURRENT (pA)

ANALOG CURRENT (pA)

1.0
0.9
0.8
07
0.6
0.5
0.4
03— sopa
021 oeoua
01| 750
0 —— 1mA

0 033 066 099 132 1.65 1.98 2.31 264 297 3.30

Vioap (V)
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TERMINOLOGY

AINP
AINP refers to the positive analog input.

AINM
AINM refers to the negative analog input.

Integral Nonlinearity (INL)

INL is the maximum deviation of any code from a straight line
passing through the endpoints of the transfer function. The
endpoints of the transfer function are zero scale (not to be
confused with bipolar zero), a point 0.5 LSB below the first code
transition (000 ... 000 to 000 ... 001), and full scale, a point

0.5 LSB above the last code transition (111 ... 110 to 111 ...
111). The error is expressed in ppm of the full-scale range.

Gain Error

Gain error is the deviation of the last code transition (111 ...
110 to 111 ... 111) from the ideal AINP voltage (AINM +
Vrer/gain — 3/2 LSBs). Gain error applies to both unipolar
and bipolar analog input ranges.

Gain error is a measure of the span error of the ADC. It
includes full-scale errors but not zero-scale errors. For unipolar
input ranges, it is defined as full-scale error minus unipolar
offset error; whereas for bipolar input ranges it is defined as
full-scale error minus bipolar zero error.

Offset Error

Offset error is the deviation of the first code transition from the
ideal AINP voltage (AINM + 0.5 LSB) when operating in the
unipolar mode.

In bipolar mode, offset error is the deviation of the midscale
transition (0111 ... 111 to 1000 ... 000) from the ideal AINP
voltage (AINM - 0.5 LSB).

Offset Calibration Range

In the system calibration modes, the AD7124-4 calibrates offset
with respect to the analog input. The offset calibration range
specification defines the range of voltages that the AD7124-4
can accept and still calibrate offset accurately.

Full-Scale Calibration Range

The full-scale calibration range is the range of voltages that the
AD7124-4 can accept in the system calibration mode and still
calibrate full scale correctly.

Input Span

In system calibration schemes, two voltages applied in sequence
to the AD7124-4 analog input define the analog input range.
The input span specification defines the minimum and
maximum input voltages from zero to full scale that the
AD7124-4 can accept and still calibrate gain accurately.
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AD7124-4

RMS NOISE AND RESOLUTION

Table 7 through Table 36 show the rms noise, peak-to-peak
noise, effective resolution, and noise-free (peak-to-peak)
resolution of the AD7124-4 for various output data rates, gain
settings, and filters. The numbers given are for the bipolar input
range with an external 2.5 V reference. These numbers are
typical and are generated with a differential input voltage of 0 V
when the ADC is continuously converting on a single channel.
It is important to note that the effective resolution is calculated
using the rms noise, whereas the peak-to-peak resolution (shown

in parentheses) is calculated based on peak-to-peak noise
(shown in parentheses). The peak-to-peak resolution represents
the resolution for which there is no code flicker.

Effective Resolution = Log:(Input Range/RMS Noise)

Peak-to-Peak Resolution = Log:(Input Range/Peak-to-Peak
Noise

FULL POWER MODE
Sinc*
Table 7. RMS Noise (Peak-to-Peak Noise) vs. Gain and Output Data Rate (uV), Full Power Mode

Output | Output Data
Filter | Data Rate (Zero
Word | Rate Latency faas
(Dec.) | (SPS) Mode) (SPS) (Hz) Gain = Gain =2 Gain=4 Gain=8 Gain=16 Gain =32 Gain = 64 Gain=128
2047 9.4 2.34 2.16 0.24(1.5) | 0.15(0.89) | 0.091(0.6) | 0.071(0.41) 0.045 (0.26) 0.031(0.17) 0.025 (0.15) 0.023 (0.14)
1920 10 25 23 0.23(1.5) | 0.14(0.89) | 0.094(0.6) | 0.076(0.42) 0.048 (0.27) 0.03(0.19) 0.025 (0.16) 0.025 (0.15)
960 20 5 4.6 031(2.1) | 022(1.3) 0.13(0.89) | 0.1(0.6) 0.069 (0.41) 0.044 (0.26) 0.035(0.22) 0.034(0.22)
480 40 10 9.2 042(3) 03(2.1) 0.19(1.4) 0.14(0.97) 0.09(0.63) 0.063 (0.39) 0.053 (0.34) 0.043 (0.27)
384 50 12.5 11.5 048(3.2) | 033(2.1) 02(1.3) 0.16(1.1) 0.1(0.75) 0.068 (0.43) 0.059 (0.42) 0.048 (0.28)
320 60 15 13.8 0.51(3.3) | 035(24) 0.23(1.3) 0.17(1.2) 0.11(0.78) 0.077 (0.5) 0.064 (0.41) 0.056 (0.35)
240 80 20 18.4 0.6 (4.8 041 (3) 0.28(1.8) 0.19(1.3) 0.13(0.86) 0.09 (0.54) 0.072 (0.48) 0.063 (0.45)
120 160 40 36.8 0.86(6.9) | 0.55(4.1) 0.37(2.5) 0.29(2) 02(1.2) 0.13(0.84) 0.11(0.7) 0.098 (0.6)
60 320 80 73.6 1.2(8.9) 0.76 (6.1) 0.53(4.1) 04(2.7) 0.26(1.8) 0.18(1.2) 0.15(0.95) 0.14(0.86)
30 640 160 147.2 1.7 (13) 1.1(8.8) 0.74(5.7) 0.57 (4.1) 0.38(2.9) 026 (2) 0.22(1.6) 0.19(1.4)
15 1280 320 2944 24(19) 6(13) 1.1(84) 0.82(6) 0.55(4) 0.38(2.5) 03(23) 0.26 (1.8)
8 2400 600 552 33(25) 23(16) 1.5(12) 1.2(8) 0.76 (6) 0.53(4) 043(3.2) 0.37(2.7)
4 4800 1200 1104 49 (38) 34(25) 24(20) 2(13) 1.3(9.1) 0.83(6.4) 0.68 (4.8) 0.58 (4.3)
2 9600 2400 2208 8.8(76) 8(61) 49 (34) 43(27) 26(21) 1.7(13) 13(12) 1.2(9.4)
1 19,200 4800 4416 72 (500) 38(270) 21(150) 13(95) 7.5(57) 44(33) 3.3(26) 2.8(23)
Table 8. Effective Resolution (Peak-to-Peak Resolution) vs. Gain and Output Data Rate (Bits), Full Power Mode
Filter | Output Output Data Rate
Word | DataRate (Zero Latency
(Dec.) | (SPS) Mode) (SPS) Gain=1 Gain=2 Gain=4 Gain=8 Gain=16 | Gain=32 | Gain=64 | Gain=128
2047 9.4 2.34 24 (21.7) 24 (21.4) 23.7 (21) 23.1(20.5) | 22.7(20.2) | 22.3(19.8) | 21.6(19) 20.7 (18.1)
1920 10 25 24 (21.7) 24 (21.4) 23.7 (21) 23(20.5) 22.6(20.1) | 22.3(19.7) | 21.6(19) 20.7 (18.1)
960 20 5 23.9(21.2) | 23.5(20.8) | 23.2(20.4) | 22.5(20) 22.1(19.5) | 21.8(19.2) | 21.1(18.4) | 20.1(19.4)
480 40 10 23.5(20.7) | 23(20.3) 22.6(19.8) | 22.1(19.3) | 21.7(18.9) | 21.2(18.6) | 20.5(17.8) | 19.8(17.1)
384 50 12.5 23.3(20.5) | 22.9(20.2) | 22.5(19.6) | 21.9(19.1) | 21.5(18.7) | 21.1(18.5) | 20.4(17.7) | 19.6(17)
320 60 15 23.2(20.3) | 22.8(20) 22.4(19.5) | 21.8(19) 21.4(18.6) | 21(18.3) 20.2(17.6) | 19.4(16.6)
240 80 20 23 (20) 22.6(19.7) | 22.1(19.3) | 21.6(18.9) | 21.2(18.5) | 20.7(18.1) | 20(17.3) 19.2 (16.4)
120 160 40 22.5(19.5) | 22.1(19.2) | 21.7(18.9) | 21(18.3) 20.6 (18) 20.1(17.5) | 19.5(16.9) | 18.6(16)
60 320 80 22(19.1) 21.6(18.6) | 21.2(18.2) | 20.6(17.8) | 20.2(17.4) | 19.7(17) 19 (16.3) 18.1 (15.5)
30 640 160 21.5(18.5) | 21.1(18.1) | 20.7(17.7) | 20.1(17.2) | 19.7(16.8) | 19.2(16.3) | 18.5(15.6) | 17.6(14.8)
15 1280 320 21(18) 20.5(17.6) | 20.2(17.2) | 19.5(16.7) | 19.1(16.3) | 18.7(15.9) | 18(15.1) 17.2(14.4)
8 2400 600 20.5(17.5) | 20.1(17.2) | 19.7(16.7) | 19(16.2) 18.6(15.7) | 18.2(15.3) | 17.5(14.6) | 16.7 (13.8)
4 4800 1200 20(17) 19.5(16.5) | 19(16) 18.3(15.6) | 17.9(15.1) | 17.5(14.6) | 16.8(14) 16(13.2)
2 9600 2400 19.1 (16) 18.5(15.3) | 18(15.1) 17.2(14.5) | 16.9(13.9) | 16.5(13.5) | 15.9(12.7) | 15(12)
1 19,200 4800 16.1(13.3) | 16(13.2) 15.9(13) 15.5(12.7) | 154(12.4) | 15.1(12.2) | 146(11.5) | 13.8(10.8)
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Sinc?

Table 9. RMS Noise (Peak-to-Peak Noise) vs. Gain and Output Data Rate (uV), Full Power Mode

Output
Data Rate

Output | (Zero
Filter | Data Latency
Word | Rate Mode) faas
(Dec.) | (SPS) (SPS) (Hz) Gain=1 Gain=2 Gain=4 Gain=8 Gain=16 Gain=32 Gain =64 Gain=128
2047 | 94 313 256 037(1.5) 0.15(0.89) | 0.096(0.58) | 0.07(0.38) | 0.046(0.25) | 0033(0.16) | 0023(0.11) | 0.017(0.09)
1920 | 10 333 272 0.24(1.5) 0.15(0.89) | 0096(06) | 007(04) | 005(026) | 0034(0.17) | 0023(0.12) | 0.018(0.09)
1280 | 20 5 544 031(1.8) 0.18(1.2) 0.12(0.82) | 0.09(0.55) | 0.059(0.35) | 0.041(0.24) | 0.033(0.18) | 0.027(0.14)
640 30 10 8.16 04(26) 0.26(1.6) 0.17(1.2) 0.11(0.82) | 0.088(0.52) | 0.055(0.36) | 0.048(0.27) | 0.039(0.22)
384 50 16.67 136 053 (3.3) 03(22) 02(16) 017(1.1) | 0.1(0.75) 0075 (0.51) | 0.062(039) | 0.056(0.33)
320 60 20 16.32 0.55 (3.6) 037(2.4) 024(1.8) 019(13) | 0.12(08) 0.084(0.54) | 0.068(0.44) | 0.06(0.37)
160 120 40 3264 0.78(5.1) 0.53 (3.4) 035(2.3) 026(1.8) | 0.17(1.1) 0.12(0.85) | 0.1(0.66) 0.097 (0.55)
80 240 80 65.28 1.1(7) 0.73 (4.9) 0.49 (3.2) 037(26) | 0.25(1.6) 0.17 (1.2) 0.14 (1) 0.12(0.78)
40 480 160 13056 | 1.5(11) 1.1(6.8) 0.67 (4.5) 052(37) | 034(2.2) 0.25(1.7) 0.19 (1.4) 0.17 (1.2)
20 960 320 261.12 | 2.3(16) 1.5(9.8) 0.99 (6.6) 0.75(5.1) | 0.53(3.5) 0.35 (2.4) 0.28 (2.1) 0.25(1.8)
10 1920 640 52224 | 3.2(26) 2.2(16) 1.5(11) 1.1(8.5) 0.73 (5.5) 0.49 (3.9) 0.4(3.2) 0.35(2.7)
6 3200 1066.67 8704 | 4.9(38) 3.2(24) 2.1(15) 1.6(12) 1(7.7) 0.68 (5.6) 0.56 (4.2) 0.48 (3.6)
3 6400 2133.33 17408 | 25(170) 13 (89) 7.1 (54) 43 (35) 24(18) 1.5 1.1(8.4) 0.9 (6.7)
2 9600 3200 26112 | 110(820) 54 (390) 28(210) 14 (110) 7.4(57) 3.9(27) 2.3(17) 1.7 (13)
1 19,200 | 6400 52224 | 890(6500) | 430(3000) | 220(1500) | 110(790) | 55 (390) 28 (190) 14 (100) 7.6 (56)
Table 10. Effective Resolution (Peak-to-Peak Resolution) vs. Gain and Output Data Rate, Full Power Mode

Output Output Data
Filter | Data Rate (Zero
Word | Rate Latency Mode)
(Dec.) | (SPS) (SPS) Gain=1 Gain=2 Gain=4 Gain=8 Gain=16 Gain=32 Gain =64 Gain=128
2047 9.4 3.13 24 (21.7) 24 (21.4) 23.6 (21) 23.1(20.6) 22.7 (20.3) 22.2(19.9) | 21.7(19.3) 21(18.7)
1920 10 333 24 (21.7) 24 (21.4) 23.6 (21) 23.1(20.6) 22.6(20.2) 22.2(19.8) | 21.7(19.3) 21(18.7)
1280 20 5 24 (21.4) 23.7 (21) 23.2(20.5) 22.7 (20.1) 22.3(19.8) 21.9(19.3) | 21.2(18.7) 20.5(18.1)
640 30 10 23.6(20.9) 23.2(20.5) 22.8 (20) 22.2(19.5) 21.8(19.2) 21.4(18.7) | 20.6(18.1) 19.9(17.4)
384 50 16.67 23.2(20.5) 22.8(20.1) 4(19.6) 21.8(19.1) 21.4(18.7) 21(18.2) 20.3(17.6) 19.4(16.9)
320 60 20 23.1(20.4) 22.7 (20) (19.4) 21.7(18.9) 21.3(18.6) 20.8 (18.1) 20.1(17.4) 19.3(16.7)
160 120 40 22.6(19.9) 22.2(19.5) (19) 21.2(18.4) 20.8 (18.1) 20.3(17.5) 19.6 (26.9) 18.7 (16.1)
80 240 80 22.1(19.4) 21.7 (19) (18.6) 20.7 (17.9) 20.3(17.6) 19.8(17) 19.1(16.3) 18.3(15.6)
40 480 160 21.6(18.8) 21.2(18.5) 208(181) 20.2(17.4) 19.8(17.1) 19.3(16.5) 18.6 (15.8) 17.8 (15)
20 960 320 21.1(18.3) 20.7 (18) 20.3(17.5) 19.7 (16.9) 19.2(16.4) 18.8(16) 18.1(15.2) 17.3(14.4)
10 1920 640 20.6 (17.6) 20.1(17.2) 19.7 (16.8) 19.1(16.2) 18.7 (15.8) 18.3(15.3) 17.6 (14.6) 16.8 (13.8)
6 3200 1066.67 19.9(17) 19.6 (16.6) 19.2(16.3) 18.6 (15.6) 18.2(15.3) 17.8 (14.8) 17.1(14.2) 16.3(13.4)
3 6400 213333 17.6 (14.8) 17.6 (14.8) (14.5) 17.2(14.1) 17 (14.1) 16.7 (13.8) 16.3(13.2) 15.4 (12.5)
2 9600 3200 15.5(12.6) 15.5(12.6) (12.6) 15.4 (12.5) 15.4(12.4) 15.3(12.5) 15(12.2) 14.5(11.6)
1 19,200 6400 12.5(9.7) 12.5(9.7) 9.7 12.5(9.6) 12.5(9.6) 12.4 (9.6 12.4(9.6) 12.3(9.5)
Post Filters
Table 11. RMS Noise (Peak-to-Peak Noise) vs. Gain and Output Data Rate (uV), Full Power Mode
Output Data Rate (SPS) Gain=1 Gain=2 Gain=4 Gain=8 Gain=16 Gain =32 Gain =64 Gain=128
16.67 0.51(3.3) 0.34 (2.1) 0.21(1.3) 0.16 (0.97) 0.11 (0.65) 0.075 (0.41) 0.062 (0.34) 0.051(0.3)
20 0.53(3.3) 0.36 (2.1) 0.23(1.3) 0.18 (1) 0.11 (0.65) 0.078 (0.45) 0.062 (0.34) 0.051(0.3)
25 0.57 (3.6) 0.37(2.2) 0.25 (1.6) 0.18 (1.2) 0.12(0.75) 0.082 (0.47) 0.062 (0.38) 0.055 (0.31)
27.27 0.6 (3.9) 0.38(2.2) 0.26 (1.6) 0.19 (1.2) 0.13(0.82) 0.084 (0.55) 0.072 (0.44) 0.063 (0.43)
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Table 12. Effective Resolution (Peak-to-Peak Resolution) vs. Gain and Output Data Rate (Bits), Full Power Mode

Output Data Rate (SPS) Gain=1 Gain=2 Gain=4 Gain=8 Gain=16 Gain =32 Gain =64 Gain=128
16.67 23.2(20.5) 22.8(20.2) 22.5(19.9) 21.9(19.3) 21.5(18.9) 21(18.5) 20.3(17.8) 19.5(17)
20 23.2(20.5) 22.7 (20.2) 22.3(19.9) 21.7 (19.2) 21.5(18.9) 20.9 (18.4) 20.3(17.8) 19.5(17)
25 23.1(20.4) 22.7 (20.1) 22.2(19.6) 21.7 (19) 21.3(18.7) 20.9(18.3) 20.3(17.7) 19.5(17)
27.27 23(20.3) 22.6(20.1) 22.2(19.5) 21.7(19) 21.2(18.5) 20.8(18.1) 20.1(17.4) 19.2(16.5)
Fast Settling Filter (Sinc* + Sinc’)

Table 13. RMS Noise (Peak-to-Peak Noise) vs. Gain and Output Data Rate (uV), Full Power Mode (Average by 16)

Filter Output

Word Data Rate

(Dec.) (SPS) Gain = Gain =2 Gain=4 Gain=8 Gain=16 Gain =32 Gain = 64 Gain =128
384 2.63 0.19(1.2) 0.11 (0.75) 0.077 (0.52) 0.063 (0.34) 0.036 (0.21) 0.027 (0.17) 0.021(0.11) 0.019 (0.098)
120 8.42 0.32(2.1) 0.2(1.3) 0.13(0.97) 0.1 (0.63) 0.067 (0.46) 0.045 (0.28) 0.039(0.23) 0.031(0.2)
24 42.11 0.69 (4.6) 0.44 (3) 0.29 (2.1) 0.23(1.6) 0.14 (0.99) 0.1(0.72) 0.081 (0.54) 0.07 (0.49)
20 50.53 0.71 (5.1) 0.49 (3.1) 0.3(2.2) 0.25(1.7) 0.16 (1.1) 0.11 (0.78) 0.09 (0.6) 0.082 (0.57)
2 505.26 24(18) 1.6(10) 1.1(8.3) 0.87 (5.5) 0.56 (3.5) 0.47 (2.9) 0.33(2.1) 0.3(2)

1 1010.53 4.8 (35) 3(20) 1.9(12) 1.4(8.8) 0.89(5.2) 0.57 (3.7) 0.49 (3) 0.44 (3)

Table 14. Effective Resolution (Peak-to-Peak Resolution) vs. Gain and Output Data Rate (Bits), Full Power Mode (Average by 16)

Filter Word Output Data Rate

(Dec.) (SPS) Gain=1 Gain =2 Gain=4 Gain=8 Gain=16 Gain =32 Gain =64 Gain =128
384 2.63 24 (22) 24 (21.7) 23.9(21.2) 23.3(20.8) 23(20.5) 22.5(19.8) 21.8(19.5) 21(18.6)
120 8.42 23.9(21.2) 23.6 (20.8) 23.3(20.3) 22.5(19.9) 22.2(19.4) 21.9(19.1) 20.9 (18.4) 20.2(17.6)
24 42.11 22.8(20) 22.4(19.7) 22.1(19.2) 21.4(18.6) 21.1(18.3) 20.5(17.7) 19.9(17.1) 19.1(16.3)
20 50.53 22.7 (19.9) 22.3(19.6) 22(19.1) 21.2(18.5) 20.9 (18.1) 20.4(17.6) 19.7 (17) 18.9(16.1)
2 505.26 21(18.1) 20.6 (17.9) 20.2(17.2) 19.5(16.8) 19.1(16.4) 18.4 (15.7) 17.8(15.2) 17 (14.3)

1 1010.53 20(17.1) 19.7 (16.9) 19.3 (16.6) 18.8(16.1) 18.4(15.9) 18.1(15.4) 17.3(14.7) 16.5(13.7)
Fast Settling Filter (Sinc® + Sinc’)

Table 15. RMS Noise (Peak-to-Peak Noise) vs. Gain and Output Data Rate (uV), Full Power Mode (Average by 16)

Filter Word Output Data Rate

(Dec.) (SPS) Gain=1 Gain =2 Gain=4 Gain=8 Gain=16 Gain =32 Gain =64 Gain =128
384 2.78 022(1.4) | 0.13(0.75) | 0.081(0.44) | 0.048(0.3) | 0.039(0.24) | 0.026(0.18) | 0.025(0.13) | 0.019(0.11)
120 8.89 031(2.1) | 021(1.3) 0.13 (0.89) 0.1(0.63) 0.068 (0.47) | 0.047(0.28) | 0.036(0.25) | 0.033(0.17)
24 44.44 0.7 (4.8) 0.46 (3.1) 0.29 (2.1) 0.22(1.5) 0.14 (0.95) 0.098 (0.67) | 0.079(0.56) | 0.071(0.44)
20 53.33 0.77(5.2) | 0.5(3.4) 0.31(2.3) 0.24 (1.6) 0.17 (1) 0.11(0.73) 0.09 (0.66) 0.077 (0.48)
2 53333 6.1 (46) 3.2(23) 1.8(12) 1.1(7.5) 0.65 (4.3) 0.4(2.7) 0.31(2.2) 0.27 (2)

1 1066.67 44(320) | 22(160) 11 (80) 5.7 (40) 2.9(22) 1.5(11) 0.83 (6.2) 0.54 (4)

Table 16. Effective Resolution (Peak-to-Peak Resolution) vs. Gain and Output Data Rate (Bits), Full Power Mode (Average by 16)

Filter Word | Output Data Rate

(Dec.) (SPS) Gain=1 Gain=2 Gain=4 Gain=8 Gain=16 Gain =32 Gain =64 Gain=128
384 2.78 24 (21.8) 24 (21.7) 23.9(21.4) 23.6 (21) 22.9(20.3) 22.5(19.8) 21.6(19.2) 21(18.4)
120 8.89 24 (21.2) 23.5(20.9) 23.2(20.4) 22.6(19.9) 22.1(19.4) 21.7 (19.1) 21(18.3) 20.2(17.8)
24 44.44 22.8(20) 22.4(19.6) 22.1(19.2) 21.4(18.7) 21.1(18.3) 20.6 (17.8) 19.9(17.1) 19.1(16.5)
20 53.33 22.6 (19.9) 22.3(19.5) 22(19.1) 21.3(18.6) 20.8(18.2) 20.4(17.7) 19.7 (16.9) 19 (16.3)

2 533.33 19.7 (16.8) 19.6 (16.8) 19.4 (16.6) 19.1(16.3) 18.9 (16.1) 18.6 (15.8) 17.9 (15.1) 17.2(14.3)
1 1066.67 16.8 (13.9) 16.8 (13.9) 16.8 (13.9) 16.7 (13.9) 16.7 (13.8) 16.6 (13.8) 16.5 (13.6) 16.1(13.3)
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MID POWER MODE
Sinc*
Table 17. RMS Noise (Peak-to-Peak Noise) vs. Gain and Output Data Rate (uV), Mid Power Mode

Output | Output Data
Filter | Data Rate (Zero
Word | Rate Latency f3as
(Dec.) | (SPS) Mode) (SPS) (Hz) Gain=1 | Gain=2 Gain=4 Gain=8 Gain=16 Gain =32 Gain =64 Gain=128
2047 234 0.586 0.078 | 0.22(1.4) | 0.14(0.88) | 0.095(0.6) | 0.062(0.38) | 0.048(0.24) | 0.036(0.17) | 0.024(0.14) 0.02(0.1)
1920 25 0.625 0.575 025(1.4) | 0.17(0.88) | 0.11(0.6) 0.073(0.38) | 0.048(0.24) | 0.037(0.19) | 0.024(0.14) 0.021(0.1)
960 5 1.25 1.15 0.34(2) 0.21(1.2) 0.13(0.77) | 0.085(0.52) | 0.064(0.36) | 0.052(0.25) 0.04(0.21) 0.035(0.2)
480 10 2.5 23 044(2.8) | 0.28(1.8) 0.19(1.1) 0.1(0.82) 0.1(0.55) 0.072(0.41) | 0.057(0.34) 0.048 (0.28)
240 20 5 4.6 067(3.8) | 04(24) 0.27 (1.6) 0.2(1.1) 0.14(0.85) 0.098 (0.64) | 0.081(0.47) 0.07 (0.43)
120 40 10 9.2 0.98 (6) 0.58(3.6) 0.37(2.3) 0.27 (1.7) 0.2(1.1) 0.14(0.87) 0.11(0.74) 0.09(0.57)
96 50 125 1.5 1(7.4) 0.67 (4.2) 041 (2.5) 0.28(1.9) 0.23(1.3) 0.15(0.95) 0.13(0.78) 0.11(0.7)
80 60 15 13.8 1(7.2) 0.7 (4.3) 044 (3) 0.33(2.1) 0.24(1.4) 0.17(1.1) 0.14(0.89) 0.12(0.75)
60 80 20 184 3(84) (5.1) 0.53(3.4) 0.37 (2.4) 0.27(1.6) 02(1.3) 0.18(1.1) 0.13(0.82)
30 160 40 36.8 8(11) (7.6) 0.73 (4.6) 0.54(3.4) 0.39(2.4) 0.28(1.9) 0.23(1.4) 0.19(1.2)
15 320 80 73.6 26(17) 1.7(11) 1(6.6) 0.79(4.7) 0.58(3.4) 04(2.5 033(2) 0.26 (1.5)
8 600 150 138 7(23) 2.3(15) (9.6) 12(7.2) 0.84(5) 0.56 (4) 046 (2.8) 04(2.6)
4 1200 300 276 3(36) 6 (24) 24(16) 1.9(13) 1.3(8.2) 0.85 (6) 0.68 (4.3) 0.6 (4.5)
2 2400 600 552 3(72) (53) 8 (35) 4.1 (34) 2.5(19) 1.7 (13) 1.3(10) 1.2(9.7)
1 4800 1200 1104 71 (500) 37 (270) 21 (160) 13(98) 7.2(55) 43(33) 3.1(24) 26(21)
Table 18. Effective Resolution (Peak-to-Peak Resolution) vs. Gain and Output Data Rate (Bits), Mid Power Mode

Output | Output Data
Filter | Data Rate (Zero
Word | Rate Latency Mode)
(Dec.) | (SPS) (SPS) Gain=1 Gain=2 Gain=4 Gain=8 Gain=16 Gain =32 Gain =64 Gain=128
2047 | 234 0.586 24(21.8) 24(21.4) | 2361 233(20.6) | 226(203) | 22.1(19.7) | 21.6(19.1) | 20.9(18.5)
1920 | 25 0.625 24(21.8) 23.8(21.4) | 23.5(21) 23 (20.6) 22.6(203) | 22(19.7) 21.6(19.1) | 20.8(18.5)
960 5 1.25 23.8(21.2) 23.5(21) 23.2(20.6) 22.8(20.2) 22.2(19.7) 21.5(19.2) 20.9(18.5) 20.1(17.6)
480 10 25 23.4(20.8) 23.1(20.4) | 22.7 (20.1) 22.2(19.6) 21.5(19.1) 21(18.5) 20.4(17.8) 19.6 (17.1)
240 20 5 22.8(20.3) 22.5(20) 22.1(19.6) 21.6(19.1) 21.1(18.5) 20.6 (17.9) 19.9(17.3) 19.1(16.5)
120 40 10 22.3(19.7) 22 (19.4) 21.7 (19) 21.1(18.5) 20.6 (18.1) 20.1(17.5) 19.4(16.8) 18.7 (16)
96 50 12.5 22.2(19.5) 21.8(19.2) | 21.5(18.9) 21(18.3) 204 (17.9) 19.9(17.3) 19.2 (16.6) 18.5(15.8)
80 60 15 22.1(19.4) 21.7(19.1) | 21.4(18.7) 20.9(18.2) 20.3(17.8) 19.8(17.2) 19.1(16.4) 18.4(15.7)
60 80 20 21.9(19.2) 21.5(18.9) | 21.1(18.5) 20.7 (18) 20.1(17.6) 19.6 (16.9) 18.9(16.2) 18.2(15.5)
30 160 40 21.4(18.8) 21(18.9) 20.7 (18.5) 20.2(17.5) 19.6 (17) 19.1(16.3) 18.4(15.8) 17.7 (15)
15 320 80 20.9(18.2) 20.5(17.8) | 20.2(17.5) 19.6 (17) 19 (16.5) 18.6 (15.9) 17.9(15.3) 17.2(14.6)
8 600 150 20.4(17.7) 20(17.3) 19.7 (17) 19(16.4) 18.5(15.9) 18.1(15.3) 17.4 (14.8) 16.6 (13.9)
4 1200 300 19.8 (17.1) 19.4(16.7) | 19(16.3) 18.3 (15.6) 17.9(15.2) 17.5(14.7) 16.8 (14) 16 (13.1)
2 2400 600 19 (16.1) 18.5(15.5) | 18(15.1) 17.2(14.2) 16.9 (14) 16.5 (13.6) 15.8(12.9) 15(12)
1 4800 1200 16.1(13.3) 16(13.2) 15.9(12.9) 15.5(12.6) 15.4(12.5) 15.1(12.2) 14.6 (11.7) 13.9(10.9)
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Sinc?

Table 19. RMS Noise (Peak-to-Peak Noise) vs. Gain and Output Data Rate (uV), Mid Power Mode

Output

Output | Data Rate
Filter | Data (Zero
Word | Rate Latency faas
(Dec.) | (SPS) Mode) (SPS) | (Hz) Gain=1 Gain =2 Gain=4 Gain=8 Gain=16 Gain =32 Gain = 64 Gain =128
2047 2.34 0.78 0.64 0.25(1.5) 0