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Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling

Analog-to-Digital Converter with PGA Built-In

ANALOGYSEMI

1. FEATURES

* AEC-Q100

*  Operating temperature range: -40°C to 125°C
* Two high-resolution ADCs with onboard PGA

e Data rate: 1255PS to 16kSPS

*  Programmable gain: 1,2, 3,4, 6,8,0r 12

* Input bias current: T00pA (max)

e Supplies: unipolar or bipolar
- Anadlog: 2.7V to 5.5V
- Digital: 1.65V to 3.6V

* Internal bias amplifier
* Burnout current for sensor detect

* Flexible power mode
- High-Resolution mode
- High-Speed mode

* Built-in oscillator and reference

*  Supply monitor, internal temp sensor, OSC
fault detection, overrange detection

* Flexible power-down, standby mode
* SPI™-compatible serial interface, timeout reset

¢ Cyclic redundancy check (CRC) on
communications, checksum

* Support ADC data FIFO for reducing polling
time of the external device to save power

* Functional safety
*  QFN-32 package

2. APPLICATIONS

* Battery management systems
* Data Acquisition systems
* Battery test equipment
* Electricity meters: commercial and residential
e Circuit breaker
* Energy storage systems
Temperature measurements

3 DESCRIPTION

ADX320Q/ADX3202Q is a one/two-channel,
simultaneous sampling, 24-bit, delta-sigma (AZ)
analog-to-digital converter (ADC) that offers wide
dynamic range, low power, and buffered analog
inputs, making the device an excellent fit for
automotive battery management systems (BMS).
The ADC inputs can be directly interfaced to shunt
resistors for bidirectional battery current
measurements, to resistor-divider networks for
high-voltage measurements, or to temperature
sensors (such as thermistors or analog output
temperature  sensors). The individual ADC
channels can be independently configured
depending on the sensor input. A low-noise,
programmable gain amplifier (PGA) provides
gains ranging from 1 to 12 to amplify low-level
signals. The device features a global-chop mode
to remove offset drift over temperature and time.
Additionally, this device integrates offset and gain
calibration registers to help remove signal-chain
errors. A low-drift, 2.4V or 4.2V reference and
precision oscillator is integrated into the device,
reducing printed circuit board (PCB) area.
Optional cyclic redundancy checks (CRCs) on the
data input, data output, and register map
maintain communication integrity.
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Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling
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Table 1 lists the order information.
Table 1. Order Information

OP.
CH RESOLUTION | FUNCTIONAL PKG.
Q)
ORDER NUMBER ) MARK PACKAGE (BIT) SAFETY CRC/ECC | FIFO T(EI\é)P RATING OPTION
ADX320AQFN32 1 ADX320 QFN-32 24 Y -40-85 Industrial | T/R-1500
ADX320QAQFN32 1 ADX320Q QFN-32 24 Y Y Y -40-125 Auto T/R-1500
ADX3202AQFN32 2 ADX3202 QFN-32 24 Y -40-85 Industrial | T/R-1500
ADX3202QAQFN32 2 ADX3202Q | QFN-32 24 Y Y Y -40-125 Auto T/R-1500
Table 2. Family Selection Guide
OP.
CH RESOLUTION | FUNCTIONAL PKG.
(1)
ORDER NUMBER *) MARK PACKAGE (BIT) SAFETY CRC/ECC | FIFO T(EI\C/I:;’ RATING OPTION
ADX310AQFN32 1 ADX310 QFN-32 16 -40-85 Industrial | T/R-1500
ADX310QAQFN32 1 ADX310Q QFN-32 16 Y Y -40-125 Auto T/R-1500
ADX3102AQFN32 2 ADX3102 QFN-32 16 -40-85 Industrial | T/R-1500
ADX3102QAQFN32 2 | ADX3102Q | QFN-32 16 Y Y -40-125 Auto T/R-1500

Devices can be ordered via the following two ways:
1. Place orders directly on our website (www.analogysemi.com), or,
2. Contact our sales team by mailing to sales@analogysemi.com.
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Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling
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4. PIN CONFIGURATION AND FUNCTIONS

Figure 1 illustrates the pin configuration (ADX320Q).
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Figure 1. Pin Configuration (ADX320Q)
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Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling

Analog-to-Digital Converter with PGA Built-In

Table 3 lists the pin functions (ADX320Q).
Table 3. Pin Functions (ADX320Q)

POSITION PIN TYPE DESCRIPTION

|
o PGAIP Analog output zgr?rler:;?ir:]g\:le.;rrl]r;gtooggp:;r,'\lc.:onnechng 220pF to AVSS and
3 INTNOD Analog input Differential analog negative input 1
4 INT1PO Analog input Differential analog positive input 1

556 2’28' 31, NC — Do not connect
9 VREFP inpﬁ?ﬁlﬁ?put Positive reference voltage
10 VREFN Supply Negative reference voltage, must be connected to AVSS
11 VCAPI1 - Analog bypass capacitor, bandgap output
12 AVDD Supply Analog supply
13 AVSS Supply Analog ground
14 CLKSEL Digital input Master clock select
15 PWDN/RESET Digital input Power-down or system reset, active low
16 START Digital input Start conversion
17 CLK Digital input Master clock input
18 CS Digital input Chip select
19 DIN Digital input SPI data input
20 SCLK Digital input SPI clock
21 DOUT Digital output SPI data output
22 DRDY Digital output | Data ready, active low
23 DVDD Supply Digital power supply
24 DGND Supply Digital ground
25 GPIO2 Digital input/output | General-purpose I/O 2
26 GPIO1 Digital input/output | General-purpose I/O 1
27 VCAP2 Supply Analog bypass capacitor, AVDD + 2V
28 BIASINN Analog input Bias ampilifier inverting input. Connect to AVDD if not used.
29 BIASINP . Analog Bias gmplifier noni'nverting input or bias in.put to MUX,

input/output configured by register. Connect to AVDD if not used.

30 BIASOUT Analog output Bias amplifier output

Power Pad Pad — Thermal pad, must be connected to AVSS

Note: Connect unused analog pins to AVDD.
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Figure 2 illustrates the pin configuration (ADX3202Q).
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Figure 2. Pin Configuration (ADX3202Q)
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Table 4 lists the pin functions (ADX3202Q).
Table 4. Pin Functions (ADX3202Q)

POSITION PIN TYPE DESCRIPTION
|
2 PGAITP Analog output CP:S;:}:er;?irglg\;e.;t:}r;gtoogépﬂ,'\l(.:onnechng 220pF to AVSS and
3 INTN Analog input Differential analog negative input 1
4 INTPM Analog input Differential analog positive input 1
5 IN2NM Analog input Differential analog negative input 2
6 IN2PH Analog input Differential analog positive input 2,
7 NC — Do not connect
8 NC — Do not connect
9 VREFP Analog input/output | Positive reference voltage
10 VREFN Supply Negative reference voltage, must be connected to AVSS
11 VCAPI1 — Analog bypass capacitor, bandgap output
12 AVDD Supply Analog supply
13 AVSS Supply Analog ground
14 CLKSEL Digital input Master clock select
15 PWDN/RESET Digital input Power-down or system reset, active low
16 START Digital input Start conversion
17 CLK Digital input Master clock input
18 [ Digital input Chip select
19 DIN Digital input SPl data in
20 SCLK Digital input SPI clock
21 DOUT Digital output SPI data out
22 DRDY Digital output Data ready, active low
23 DVDD Supply Digital power supply
24 DGND Supply Digital ground
25 GPIO2 Digital input/output | General-purpose /O 2
26 GPIO1 Digital input/output | General-purpose 1/O 1
27 VCAP2 Supply Analog bypass capacitor, AVDD + 2V
28 BIASINN Analog input Bias amplifier inverting input. Connect to AVDD if not used.
2
30 BIASOUT Analog output Bias amplifier output
31 NC — Do not connect
32 NC - Do not connect
Power Pad Pad — Thermal pad, must be connected to AVSS

Note: Connect unused analog pins to AVDD.
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Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling
Analog-to-Digital Converter with PGA Built-In

5. SPECIFICATIONS

5.1 ABSOLWUTE MAXIMUM RATINGS

Table 5 lists the absolute maximum ratings of the ADX320Q/ADX3202Q.
Table 5. Absolute Maximum Ratings

PARAMETER DESCRIPTION MIN MAX UNITS

AVDD to AVSS -0.3 7.0
AVSS to DGND -3 0.2

Power-Supply Voltage |DVDD to DGND -0.3 5.0 \'
Analog input to AVSS AVSS - 0.3 AVDD + 0.3
Digital input to DVDD DVSS - 0.3 DVDD + 0.3
To any pin except supply pins -10 10

Input Current Momentary -100 100 mA
Continuous -10 10
Operating, Ta -40 125

Temperature Junction, T, -40 125 °C
Storage, Tsqg -60 150

Note: Stresses beyond those listed under Table 5 may cause permanent damage to the device. These are
stress ratings only, which do not imply functional operation of the device at these or any other
conditions beyond those indicated under Table 7. Exposure to absolute-maximum-rated conditions
for extended periods may affect device reliability.

5.2 €SD RATINGS

Table 6 lists the ESD ratings of the ADX320Q/ADX3202Q.
Table 6. ESD Ratings

PARAMETER | SYMBOL DESCRIPTION VALUE | UNITS
Electrostatic y Human-body model (HBM), per AEC Q100-002() +3500 y
Discharge ® I charged device model (CDM), per AEC Q100011 +2000

Note: AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001

specification.
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Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling
Analog-to-Digital Converter with PGA Built-In

5.3 RECOMMENDED OPERATING CONDITIONS

Table 7 lists the recommended operating conditions for the ADX320Q/ADX3202Q.

Table 7. Recommended Operating Conditions
PARAMETER SYMBOL ‘ MIN NOM MAX UNITS

POWER SUPPLY
Analog Power Supply, AVDD to AVSS AVDD 2.7 3 5.5 \'%
Digital Power Supply, DVDD to DGND DVDD 1.65 1.8 3.6 \
ANALOG INPUTS
Voltage | | Avss | AvDD v
DIGITAL INPUTS
Voltage | | DVSS | DvDD v
TEMPERATURE RANGE
Operating Ambient Temperature | Ta | -40 | 125 °C
5.4 THERMAL INFORMATION
Table 8 lists the thermal information for the ADX320Q/ADX3202Q.
Table 8. Thermal Information

PARAMETER SYMBOL QFN-32 UNITS
Junction-to-Ambient Thermal Resistance RoJa 42.2 °C/W
Junction-to-Board Thermal Resistance Ress 14.9 °C/W
Junction-to-Top Characterization Parameter Wyr 0.3 °C/W
Junction-to-Board Characterization Parameter Wi 14.2 °C/W
Junction-to-Case (Top) Thermal Resistance Reuc(top) 16.7 °C/W
Junctionto-Case (Bottom) Thermal Resistance ReJc(ooty 8.2 °C/W
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Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling
Analog-to-Digital Converter with PGA Built-In

5.5 ELECTRICAL CHARACTERISTICS

Table 9 lists the electrical characteristics of ADX320Q/ADX3202Q. Minimum and maximum specifications
apply from -40°C to 125°C, typical specifications are at 25°C, all specifications are at DVDD = 1.8V, AVDD -
AVSS = 3V, Vg = 2.4V, external fcix = 512kHz, data rate = 500SPS, Crurer = 4.7nF || 220pF®, and gain = 6,
unless otherwise noted.
Table 9. Electrical Characteristics

PARAMETER | SYMBOL | CONDITIONS MIN | TYP | MAX | UNITS
ANALOG INPUTS
Full-Scale Differential

Input Voltage (AINP - +Vrer / gain \'%

AINN)

Input Common-Mode See the INPUT COMMON-

Range MODE RANGE section

Input Capacitance to

GND 15 pF

Input Capacitance 1 F

Differential Input Pair P

Input Bias Current (PGA Ta = 25°C, inpuf = 1.5V +100 pA

Chop = 8kHz) Ta = —40°C to 125°C, input = 1.5V 11 pA
No pull-up or pull-down current 20 co

source

DC Input Impedance
P P Current source sensor burn-out (nA),

AVSS + 0.3V < AIN < AVDD - 0.3V > 10 cQ
PGA PERFORMANCE
Gain Settings 1,2,3,4,6,8,12
With a 4.7nF capacitor on PGA
Bandwidth (Channel 1) output (see the PGA SETTINGS AND 6.8 kHz
INPUT RANGE section for details)
ADC PERFORMANCE
Resolution 24 Bits
Data Rate fek = 512kHz 125 16000 SPS

CHANNEL PERFORMANCE (DC PERFORMANCE)

See the NOISE

Input-Referred Noise PERFORMANCE section

Integral Nonlinearity Full-scale with gain = 6, best fit 2 ppm
CHI1 27 pv
Offset Error
CH2 +58 pv
CH1 0.016 pv/°C
Offset Error Drift
CH2 0.4 pv/°C
Offset Error with CHI1 *1 1\%
Calibration CH2 11 pv
E:Xl-TllUdlng voltage reference error, +0.06 +0.23 % of FS
Gain Error Excludi i ;
xcluding voltage reference error, +0.22 +0.9 % of ES
CH2
Gain Error with At noise
Calibration level
E:x:lludlng voltage reference drift, 3.7 ppM/°C
Gain Drift - .
Excluding voltage reference drift, 8.4
CH2 )
Gain Match Between 0.12 % of FS
Channels
Common-Mode CMRR | fom = 50Hz and 60Hz® 103 17 dB

Rejection Ratio
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Power-Supply Rejection | pepp | fos = 50Hz and 60Hz 95 dB
Ratio
Crosstalk fin = 50Hz and 60Hz -118 dB
Signal-to-Noise Ratio SNR fix = T0Hz input, gain = 6, CH1 106 dB
Total Harmonic THD 10Hz, —-0.5dBFs, Cegier = 4.7nF -109 dB
Distortion 100Hz, -0.5dBFs, Criier = 4.7nF -98 dB
DIGITAL FILTER

-3dB bandwidth 0.262 f H
SINC3 Digital Filter OONeWIT______ = z_
Full digital filter sefting timing 4 Conversions
AMPLIFIER
Bias Integrated Noise BW = 150Hz 1 MVrms
Gain Bandwidth .
Product GBP 50kQ | | 10pF load, gain =1 150 kHz
Slew Rate SR 50kQ | | 10pF load, gain = 1 0.1 V/us
Common-Mode Input AVSS + AVDD
Range CMIR 0.3 -03 v
Common-Mode Resistor . . o
Matching Internal 200kQ resistor matching 0.02 %
Short-Circuit Current Isc 2 mA
Qwescenthower 35 LA
Consumption
BURN-OUT CURRENT
Frequency See" the REGISTER MAPS section for ©,8) KHz
settings
Current IBURN-OUT(5:0) = 000000 0.02 nA
Step size 2.75 nA
Current Accuracy +20 %
Comparator Threshold +20 mv
Accuracy
EXTERNAL REFERENCE
3V supply Veer = (VREFP — VREFN) 2 2.5 VDD - \
Reference Input REF ' 0.3
Voltage -
9 5V supply Vger = (VREFP — VREFN) 2 4 Vgg
Negative Input VREFN AVSS \
Positive Input VREFP AVSS + 2.5 \Y
Input Impedance 107 kQ
INTERNAL REFERENCE
Outout Voltage Register bit CONFIG2.VREF_4V =0 2.43 \"
P 9 Regisfer bit CONFIG2.VREF_4V = | 4.043 v
Output Current Drive Available for external use 100 HA
Vrer ACcuracy +0.3 %
Vrer Drift -40°C = Ta = 125°C 10 ppm/°C
. Settled to 0.2% with 10uF capacitor
Start-Up Time on VREFP pin 62.4 ms
Quiescent Current Register bit CONFIG2.VREF_4V =0 25 WA
Consumption Register bit CONFIG2.VREF_4V =1 37 A
SYSTEM MONITORS
Analog Supply Reading 0.25 %
Error
Digital Supply Reading 0.03 %
Error

© 2022 AnalogySemi Ltd. All Rights Reserved.
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
From power-supply ramp after 27 ms
power-on reset (POR) to DRDY low
Device Wakeup From power-down mode to DRDY 2 ms
low
From STANDBY mode to DRDY low 10 ms
VCAP1 Settling Time 1% accuracy 04 S
Temp. | voltage Ta = 25°C 143 mV
Sensor
Reading | Coefficient 377 pv/°C
TEST SIGNAL
Signal Frequency See_ the REGISTER MAPS section for At DC and 1Hz Hz
settings
Signal Voltage See_ the REGISTER MAPS section for +1 mv
settings
Accuracy +2 %
CLOCK
Internal Oscillator Clock Nominal frequency 512 KHz
Frequency
Ta =25°C 1 %
Internal Clock Accurac
y Z40°C < Ta = 125°C 2.5 %
Internal Oscillator Start-
] 31 us
Up Time
Internal Osgllator Power 35 uW
Consumption
External Clock Input CLKSEL pin =0, CLK_DIV =0 485 512 562.5 kHz
Frequency CLKSEL pin =0, CLK_DIV =1 1.94 2.048 2.25 MHz
DIGITAL INPUT/OUTPUT
DVDD = Vv 0.8 DVDD + v
1.8V fo 3.6V IH DVDD 0.1
DVDD = 0.2
1.8V to 3.6V Vi -0.1 DVDD v
DVDD =
1.65V to Vi DV&P - v
1.8V ’
DVDD =
Logic Level 1.65V to \n 0.2 \'
9 1.8V
DVDD = 0.8
1.65V to VoH loy = =500uA ; \'
36V DVDD
DVDD = 0.2
1.65V to VoL loL = +500pA : \Y
3.6V DVDD
| t
;Lﬁ_:_']em Iin 0V < Viigitaiinput < DVDD -10 +10 MA
POWER SUPPLY REQUIREMENTS
Analog AVDD -
Supply AVSS AVDD 2.7 3 5.5 \Y
Digital DVDD -
Supply DGND DVDD 1.65 1.8 3.6
AVDD - DVDD -2.1 3.6
SUPPLY CURRENT (AMPLIFIER TURNED OFF)
AVDD - AVSS = 3V 312 HA
I ADX3202Q
AVBD AVDD - AVSS = 5V 350 A
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DVDD = 3.3V 51 MA
|
DVDD ADX3202Q DVDD = 1.8V 2% UA
POWER DISSIPATION (ANALOG SUPPLY = 3V, AMPLIFIER TURNED OFF)
Normal mode 601 685 uW
i ADX320Q
?;ersrce”* Standby mode 213 W
Dissipation | ADX3202Q Normal mode 985 1108 uWw
Standby mode 213 W
Quiescent
Power ADX320Q Normal mode 601 W
Dissipation,
per ADX3202Q Normal mode 493 uwW
Channel
POWER DISSIPATION (ANALOG SUPPLY = 5V, BIAS AMPLIFIER TURNED OFF)
Normal mode 1120 uW
i ADX320Q
?;ersrce”* Standby mode 378 uw
Dissipation | ADx3202Q Normal mode 1800 W
Standby mode 378 uw
Quiescent
Power ADX320Q Normal mode 1120 uw
Dissipation,
per ADX3202Q Normal mode 900 0
Channel
POWER DISSIPATION IN POWER-DOWN MODE
DVDD =
Analog 1.8V 1800 uW
Supply = '
DVDD =
3V
3.3V 378 HW
DVDD =
Analog 1.8V 1120 pW
Supply = '
DVDD =
5V
3.3V 378 uw
TEMPERATURE
Specified Temperature 40 125 oC
Range
Operating Temperature _40 125 oC
Range
gtoroge Temperature ~60 150 oC
ange

Note 1: Performance is applicable for 5V operation as well. Production testing for limits is performed at 3V.

Note 2: Crurer is the capacitor across the PGA outputs, see the PGA SETTINGS AND INPUT RANGE section for
details.

Note 3: Noise data measured in a 10-second interval. Test not performed in production. Input-referred noise
is calculated with input shorted over a 10-second interval.

Note 4: CMRR is measured with a common-mode signal of AVSS + 0.3V to AVDD - 0.3V.The values
indicated are the minimum of the two channels.
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5.6 TIMING REQUIREMENTS

Table 10 lists the timing requirements. Specifications apply from -40°C to 125°C, load on DOUT = 20pF ||

100kQ2.
Table 10. Timing Requirements
2.7V = DVDD = 3.6V 1.65V = DVDD < 2.7V
PARAMETER SYMBOL UNITS
MIN | NOM | MAX | MIN | NOM | MAX
Master Clock Period (CLK_DIV Bit of BO_STAT
Register = 0) 1 1775 2170 1775 2170 ns
. . CLK
Mcslter Clock Period (CLK_DIV Bit of BO_STAT 444 542 444 542 ns
Register = 1)
CS Low to First SCLK, Setup Time tcsse 6 17 ns
SCLK Period fscik 50 66.6 ns
SCLK Pulse Width, High and Low tsPwH, L 15 25 ns
DIN Valid to SCLK Falling Edge: Setup Time toist 10 10 ns
Valid DIN after SCLK Falling Edge: Hold Time toiHD 10 11 ns
SCLK Rising Edge to DOUT Valid toorp 12 22 ns
CS High Pulse tesH 2 2 tews
CS Low to DOUT Driven tcspop 10 20 ns
Eighth SCLK Falling Edge to CS High tsccs 3 3 tcws
Command Decode Time tspecope 4 4 toiks
CS High to DOUT Hi-Z tcspoz 10 20 ns

Figure 3 shows the serial interface timing.

fewk
>

MUUUUULUU LU

€ tesse t ] I« tesu
== SDECODE »
cs « « I
) ) )
f » et
i —>| SPWL sccs
[ fsci tspwn |<_
SCLK 1 2 3|-SSJ8 of L] 2] |3|_g<,J8 [
)
»| [« oo
> € tpist +»{ [« tborp
T B D G B ) G NP )
—)) );
-» tespob > tespoz
2 P mmmm oo - % Hiz
DOUT
_________________ A D G

NOTE: SPI settings are CPOL =0 and CPHA = 1.

Figure 3. Serial Interface Timing
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Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling
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6. TYPICAL OPERATING CHARACTERISTICS

Ta =25°C, DVDD = 1.8V, AVDD - AVSS = 3V, Vrer = 2.42V, external fcik = 512kHz, data rate = 500SPS, Crurer = 4.7nF,

and gain = 6, unless otherwise noted.
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7. PARAMETER MEASUREMENT INFORMATION
7.1 NOISE PERFORMANCE

The ADX320Q/ADX3202Q noise performance can be optimized by adjusting the data rate and PGA setting.
As the averaging is increased by reducing the data rate, the noise drops correspondingly. Increasing the
programmable gain amplifier (PGA) value reduces the input-referred noise, which is particularly useful when
measuring low-level biopotential signals. Table 11 through Table 21 summarize the ADX320Q/ADX3202Q
noise performance. The data are representative of typical noise performance at Ty = 25°C. The data shown
are the result of averaging the readings from multiple devices and are measured with the inputs shorted
together. For the shown data rates, the ratio is approximately 6.6.

The data are also representative of the ADX320Q/ADX3202Q noise performance when using a low-noise
external reference. In Table 11 through Table 21, yVrws and pVee are measured values. Effective resolution
(EFF RESOL) and dynamic range (DYN RANGE) are calculated with Equation T and Equation 2.

, . 2 x Vrer
Effective Resolution = logs (Gl(]ln—vams> M
Dynamic Range =20 x log Veer 2
= 10
\/5 X VRMS?Noise x Gain

Table 11 through Table 18 show measurements taken with an internal reference on channel 1 in high-
resolution mode.

Table 11. Input-Referred Noise (UVrms / MVer) 3V Analog Supply and 2.42V Reference®

OUTPUT PGA GAIN =1 PGA GAIN =2
%RO?\'ITFS; C?]F DATA | oo ;@?DTH DYN EFF DYN EFF
vEoiser | RATE ) “Vf/“"s “V\;P RANGE | RESOL “Vf/“"s ”V\;’P RANGE | RESOL

(SPS) V) | V) (dB) (BITY (V) (V) (dB) (BITY

000 125 3275 24 | 156 | 1170 | 209 10 7.4 118.8 212
001 250 655 32 | 213 | 1146 | 205 14 10.2 116.0 208
010 500 131 41 | 320 | 1124 | 202 19 14.4 113.0 203
011 1000 262 59 | 464 | 1092 | 196 2.8 263 109.8 19.7
100 2000 524 106 | 107.6 | 1042 | 188 54 97.7 104.0 18.8
101 4000 1048 228 | 5980 | 920 | 168 212 393.4 92.1 16.8
110 8000 2096 237 | 3860 | 772 | 143 1185 1342.8 77.2 143

Table 12. Input-Referred Noise (UVrms / UVrr) 3V Analog Supply and 2.42V Reference(®

OUTPUT PGA GAIN = 3 PGA GAIN = 4
%RO?\'IT: (;F DATA B AN‘ S&?DTH DYN EFF DYN EFF
el | RATE i) ”Vf/“"s “V\;P RANGE | RESOL “Vf/“"s “V\;P RANGE | RESOL
(SPS) (V) (V) (dB) (BITY (HV) (HV) (dB) (BITY
000 125 32.75 0.8 6.3 117.4 21.0 0.7 5.2 116.0 | 20.8
001 250 65.5 1.1 8.1 114.6 20.5 0.9 7.3 1135 | 204
010 500 131 1.5 12.0 11.7 20.1 1.3 9.7 110.6 19.9
011 1000 262 2.1 20.7 108.7 19.6 1.8 15.3 107.6 19.4
100 2000 524 3.8 63.4 103.6 18.7 3.1 50.4 102.9 18.6
101 4000 1048 14.5 251.8 91.9 16.8 10.9 183.5 91.9 16.8
110 8000 2096 78.9 895.2 77.2 14.3 58.8 671.4 77.2 14.3

Note: At least 15s of consecutive sampling readings were used to calculate noise values in this table.
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Table 13. Input-Referred Noise (UVrms / MVer) 3V Analog Supply and 2.42V Reference(®

DR BITSOF | OUTPUT 3dB PEAGAIN =6 PGAGAIN =8

CONFIGT | DATARATE | BANDWIDTH | puVews | WVer DYN EFE | WVews | 1V DYN EFF
REGISTER (5PS) H2) | v RANGE | RESOL A RANGE | RESOL

(dB) (BIT) (dB) (BIT)
000 125 32.75 0.6 4.8 113.3 20.3 05 39 112.1 20.1
001 250 65.5 0.8 6.8 111.0 19.9 0.7 5.9 109.2 19.6
010 500 131 1.1 9.3 108.4 19.5 1.0 8.8 106.6 19.2
011 1000 262 1.5 12.0 105.5 19.0 1.4 12.2 103.6 18.7
100 2000 524 2.4 33.0 101.3 18.3 2.2 23.8 99.9 18.1
101 4000 1048 75 1084 | 91.6 16.7 5.8 74.8 91.3 16.7
110 8000 2096 393 | 4476 | 772 14.3 29.7 | 3357 | 77. 14.3

Note: At least 15s of consecutive sampling readings were used to calculate noise values in this table.

Table 14. Input-Referred Noise (UVrms / MVer) 3V Analog Supply and 2.42V Reference(

DR BITS OF PGA GAIN = 12
CONFIG1 O;;.I;EJT DATA -3dB BANDWIDTH MVRrvs MVep DYN RANGE EFF RESOL
(SPS) (Hz)

REGISTER V) ©v) (dB) (BIT)
000 125 32.75 0.5 4.0 108.4 19.5
001 250 65.5 0.7 5.0 106.4 19.2
010 500 131 1.0 8.8 103.4 18.7
011 1000 262 1.3 11.2 100.6 18.2
100 2000 524 1.9 18.7 97.3 17.7
101 4000 1048 4.4 48.9 90.2 16.5
110 8000 2096 18.6 202.8 77.7 14.4

Note: At least 15s of consecutive sampling readings were used to calculate noise values in this table.

Table 15. Input-Referred Noise (uVrms / UVrp) 5V Analog Supply and 4V Reference(?

OUTPUT PGA GAIN =1 PGA GAIN =2
DR BITS OF | 74 ~3dB DYN | EFF DYN EFF
CONFIGT | o arg | BANDWIDTH | piVews MVep | CANGE | REsOL | MVRws WVee | PANGE | RESOL
REGISTER (H2) @) | @ @) | @V
(SPS) H (dB) | (BIT (dB) (BITY
000 125 32.75 2.0 149 | 1231 | 220 10 7.0 1233 | 220
0071 250 65.5 26 188 | 1208 | 21.6 13 9.9 1206 | 215
010 500 131 35 279 | 1183 | 21.2 19 149 | 1177 | 211
011 1000 262 53 510 | 1147 | 205 2.8 29.1 1142 | 205
100 2000 524 14.0 2534 | 1062 | 19.1 7.3 1375 | 1059 19.1
101 4000 1048 69.4 | 15207 | 923 | 168 358 7168 | 920 16.8
110 8000 2096 3966 | 51750 | 77.1 | 143 | 1972 | 22377 | 772 143

Note: At least 15s of consecutive sampling readings were used to calculate noise values in this table.
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Table 16. Input-Referred Noise (uVrms / UVrp) 5V Analog Supply and 4V Reference(?

OUTPUT PGA GAIN =3 PGA GAIN =4

DR BITS OF DATA -3dB DYN EFF DYN EFF

CONFIG! | e | BANDWIDTH | pVews | WV | oo | ppsoy | HVRWs | BVee | oriee | peeo)
REGISTER (Ha) @) | @ @) | v

(SPS) H @B) | (BN (dB) (BITY

000 125 32.75 0.8 53 1217 | 217 0.7 47 1204 | 215

001 250 65.5 1.0 7.9 1196 | 214 0.9 6.7 1182 | 21.1

010 500 131 1.4 106 | 1167 | 209 1.2 8.8 1156 | 207

011 1000 262 2.1 212 | 1133 | 203 1.7 173 | 1123 | 20.1

100 2000 524 49 939 | 1058 | 19.1 3.8 694 | 1054 | 190

101 4000 1048 233 | 4662 | 922 | 168 176 | 3190 | 922 16.8

110 8000 2096 1323 | 1491.8 | 77.1 | 143 | 981 | 11189 | 772 14.3

Note: At least 15s of consecutive sampling readings were used to calculate noise values in this table.

Table 17. Input-Referred Noise (UVrms / MVer) 5V Analog Supply and 4V Reference(

OR BITS OF b PGA GAIN = 6 PGA GAIN = 8
OUTPUT DATA DYN | EFF DYN | EFF

ESQ{E'T‘EQ RATE (SPS) BAN(zVZV)'DTH ‘xs/“;s :‘:\;; RANGE | RESOL %S/M)s :‘J’\;; RANGE | RESOL
@B | @m @B | @m
000 125 32.75 06 | 38| 1185 | 212 | 05 | 37 | 1169 | 209
001 250 65.5 07 | 56| 1164 | 208 | 07 | 56 | 1147 | 205
010 500 131 10 | 86 | 1135 | 204 | 09 | 77 | 1118 | 20.
011 1000 262 14 |11 ] 1104 | 198 | 13 [ 115] 1088 | 196
100 2000 524 28 |448| 1046 | 189 | 23 338 1037 | 187
101 4000 1048 120 [2039] 920 | 168 | 90 |1442| 920 | 168
110 8000 2096 660 |7459| 772 | 143 | 489 |559.4] 772 | 143

Note: At least 15s of consecutive sampling readings were used to calculate noise values in this table.

Table 18. Input-Referred Noise (UVrms / MVer) 5V Analog Supply and 4V Reference()

DR BITS OF PGA GAIN = 12

CONFIG1 Oé’;?é" DATA ~3dB BANDWIDTH MV rwms HVpp DYN RANGE | EFF RESOL

(SPS) (H2)

REGISTER ) (V) (dB) (BIT)
000 125 32.75 05 3.6 113.7 20.4
001 250 65.5 0.6 49 113 20.0
010 500 131 08 7.9 108.9 19.6
011 1000 262 1.2 10.3 106.0 19.1
100 2000 524 1.9 24.2 101.7 18.4
101 4000 1048 6.2 85.9 91.7 16.7
110 8000 2096 32.6 373.0 77.3 14.3

Note: At least 15s of consecutive sampling readings were used to calculate noise values in this table.
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Table 19 through Table 21 show measurements taken with an internal reference on channel 2 in high-speed
mode.

Table 19. Input-Referred Noise (UVrms / UVrr) 3V Analog Supply and 2.4V Reference()

OuTPUT PGA GAIN = 3 PGA GAIN = 4
%ROBI\IITFSKSF DATA BAN_S\CA’/?DTH DYN EFF DYN EFF
~Eaicen | RATE ot “Vf/“"s “V\;" RANGE | RESOL ”Vf/“"s ”V\;P RANGE | RESOL
(SPS) (V) (V) (dB) (BITY (V) (HV) (dB) (BITY
000 250 665 27 192 | 1066 | 192 2.1 158 | 1063 | 192
001 500 131 36 276 | 1039 | 188 29 228 | 1033 | 187
010 1000 262 5.2 394 | 1009 | 183 42 350 | 10001 | 181
on 2000 524 74 606 | 978 17.7 59 504 | 972 | 176
100 4000 1048 106 | 1036 | 946 | 172 85 786 | 940 | 17.1
101 8000 2096 204 | 2937 | 889 | 163 157 | 2045 | 887 | 162
110 16000 4192 823 | 10071 | 768 143 | 621 | ena | 768 | 142

Note: At least 15s of consecutive sampling readings were used to calculate noise values in this table.

Table 20. Input-Referred Noise (UVrms / UVep) 3V Analog Supply and 2.4V Reference(®

OUTPUT PGA GAIN = 6 PGA GAIN = 8
DR Br\IJTFS| O1F DATA | Al\l_g\cleIIaDTH DYN EFF DYN EFF
%)GI STER RATE ) ”V;*/MS ”V\;” RANGE | RESOL ”Vf/“"s ”V\;P RANGE | RESOL
(SPS) (MV) (V) (dB) (BITY (M) (V) (dB) (BITY
000 250 65.5 16 13 105.1 19.0 13 8.9 104.1 18.8
001 500 131 23 15.9 1019 18.4 19 136 | 1012 18.3
010 1000 262 31 242 99.1 18.0 27 224 98.1 17.8
011 2000 524 45 32.0 96.1 175 38 33.0 95.1 17.3
100 4000 1048 6.4 55.1 93.0 16.9 54 457 92.0 16.8
101 8000 2096 14 124.1 88.0 16.1 9.1 90.4 87.4 16.0
110 16000 4192 M6 | 4756 | 767 14.2 317 | 3672 | 766 142

Note: At least 156s of consecutive sampling readings were used to calculate noise values in this table.

Table 21. Input-Referred Noise (UVrms / UVrp) 3V Analog Supply and 2.4V Reference(®

DR BITS OF PGA GAIN = 12
OUTPUT DATA

CONFIG1 RATE (SPS) -3dB BANDWIDTH (Hz) MVRrms MVep DYN RANGE EFF RESOL

REGISTER uv) (uv) (dB) (BIT)
000 250 65.5 1.1 7.7 102.5 18.5
001 500 131 1.5 12.5 99.6 18.0
010 1000 262 2.1 17.1 96.5 17.5
011 2000 524 3.0 23.7 93.6 17.0
100 4000 1048 43 36.7 90.5 16.5
101 8000 2096 6.9 69.9 86.3 15.8
110 16000 4192 21.5 202.8 76.4 14.2

Note: At least 15s of consecutive sampling readings were used to calculate noise values in this table.
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8. DETAILED DESCRIPTION
8.1 OVERVIEW

The ADX320Q/ADX3202Q devices are low-power, multichannel, simultaneously-sampling, 24-bit delta-sigma
(A%) analog-to-digital converters (ADCs) with integrated programmable gain amplifiers (PGAs). These
devices integrate various capacitive sensor functions that make them well-suited for multichannel data
acquisition systems.

The ADX320Q/ADX3202Q devices have a highly programmable multiplexer that allows for temperature,
supply, input short. The PGA gain can be chosen from one of seven settings (1, 2, 3, 4, 6, 8, and 12). The ADCs
in the device offer data rates from 125SPS to 16kSPS. Communication to the device is accomplished using
an SPl-compatible interface. The device provides two general-purpose I/O (GPIO) pins for general use.
Multiple devices can be synchronized using the START pin. The internal reference can be programmed to
either 2.4V or 4V. The internal oscillator generates a 512kHz clock.

8.2 FUNCTIONAL BLOCK DIAGRAM

SCLK
DIN
pour

GPIo1

GPIO2

Figure 19. Functional Block Diagram
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8.3 FEATURE DESCRIPTION

This section contains details of the ADX320Q/ADX3202Q internal functional elements. The analog blocks are
discussed first followed by the digital interface. Blocks implementing specific functions are covered in the
end.

Throughout this document, fc .k denotes the signal frequency at the CLK pin, tcix denotes the signal period of
the CLK pin, for denotes the output data rate, tor denotes the output data time period, and fuop denotes the
frequency at which the modulator samples the input.

8.3.1 €MI FILTER

An RC filter at the input acts as an electromagnetic interference (EMI) filter on channels 1 and 2. The -3dB
filter bandwidth is approximately 6MHz.

8.3.2 INPUT MULTIPLEXER

The ADX320Q/ADX3202Q input multiplexers are very flexible and provide many configurable signal-
switching options. Figure 20 shows the multiplexer for the ADX320Q/ADX3202Q. Note that TESTP, TESTM, and
BIASINP/BIASREF are common to both channels. INP and INN are separate for each of the three pins. This
flexibility allows for significant device and sub-system diagnostics, calibration, and configuration. Switch
seftings for each channel are selected by writing the appropriate values to the CHISET or CH2SET register
(see the CHISET and CH2SET registers for details). More details of the features of the multiplexer are discussed
in the INPUT MULTIPLEXER section.

8.3.3 DEVICE NOISE MEASUREMENTS

Setting CHNSET(3:0) = 0001 sets the common-mode voltage of (VREFP + VREFN) / 2 to both inputs of the
channel. This setting can be used to test the inherent noise of the device in the user system.

8.3.4 TEST SIGNALS (TESTP AND TESTN)

Setting CHNSET(3:0) = 0101 provides internally-generated test signals for use in sub-system verification at
power-up. This functionality allows the entire signal chain to be tested out.

Test signals are controlled through register settings (see the CONFIG2 register for details). INT_TEST enables
the test signal and TEST_FREQ controls switching at the required frequency.
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NOTE: MVDD monitor voltage supply depends on channel number; see the Supply Measurements (MVDDP, MVDDN) secfion.

Figure 20. Input Multiplexer Block for Both Channels
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8.3.5 TEMPERATURE SENSOR (TEMPP, TEMPN)

The ADX320Q/ADX3202Q contain an on-chip temperature sensor. This sensor uses two internal diodes with
one diode having a current density 16x that of the other, as shown in Figure 21. The difference in diode
current densities yields a difference in voltage that is proportional to absolute temperature.

Temperature Sensor Monitor

AVDD

1x + 2x
.ﬁ To MUX TEMPP
To MUX TEMPN

8x 1x

AVSS

Figure 21. Temperature Sensor Measurement in the Input

As a result of the low thermal resistance of the package to the printed circuit board (PCB), the internal device
temperature tracks the PCB temperature closely. Note that self-heating of the ADX320Q/ADX3202Q causes a
higher reading than the temperature of the surrounding PCB.

The scale factor of Equation 3 converts the temperature reading to °C. Before using this equation, the

temperature reading code must first be scaled to uV.

Temperature Reading (uV) - 143000uV
337uv/°C

8.3.6 SUPPLY MEASUREMENTS (MVDDP, MVDDN)

Setting CHNSET(3:0) = 0011 sets the channel inputs to different supply voltages of the device. For channel 1,
(MVDDP - MVDDN) is (0.5 (AVDD + AVSS)), for channel 2, (MVDDP - MVDDN) is DVDD / 4. Note that to avoid
saturating the PGA while measuring power supplies, the gain must be set to '1".

8.3.7 EXCITATION CURRENT SIGNALS

The excitation current signals are fed into the multiplexer before the switches. The comparators that detect
the voltage are also connected to the multiplexer block before the switches. For a detailed description of
the excitation current block, refer to the SENSOR BURN-OUT section.

8.3.8 AUXILINRY SINGLE-ENDED INPUT

The AMPINP pin is primarily used for routing the bias amplifier voltage to any of inputs. This pin can also be
used as a multiple single-ended input channel. The signal at the AMPINP pin can be measured with respect
to the midsupply ((AVDD + AVSS) / 2). This measurement is done by configuring the channel multiplexer
sefting MUXn(3:0) to '0010' in the CH1SET and CH2SET registers.

Temperature (°C) = + 25°C 3
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8.3.9 ANALOG INPUT

The ADX320Q/ADX3202Q analog inputs are fully differential. Assuming PGA = 1, the differential input (INP -
INN) can span between -V 10 +Vrer. Note that the absolute range for INP and INN must be between AVSS
- 0.3V and AVDD + 0.3V. Refer to Table 25 for an explanation of the correlation between the analog input
and the digital codes. There are two general methods of driving the ADX320Q/ADX3202Q analog input:
single-ended or differential, as shown in Figure 22 and Figure 23. Note that INP and INN are 180°C out-of-
phase in the differential input method. When the input is single-ended, the INN input is held at the common-
mode voltage, preferably at mid-supply. The INP input swings around the same common voltage and the
peak-to-peak amplitude is (common-mode + 1/2 Vrer) and (common-mode - 1/2 Vrer). When the input is
differential, the common-mode is given by (INP + INN) / 2. Both INP and INN inputs swing from (common-
mode + 1/2 Ve to common-mode - 1/2 V). For optimal performance, it is recommended that the
ADX320Q/ADX3202Q be used in a differential configuration.

Peak-to-Peak

Device

Common ——= Common — ViRer

-1/2 Vrer to
/+] /2R E\F/REF Device Vier

Voltage {|—7 Voltage _|_ Peak-to-Peak

Single-Ended Input Differential Input

Figure 22. Methods of Driving the ADX320Q/ADX3202Q: Single-Ended or Differential

CM + ]/2 VREF
A2ve /f\ /\INP /\ /\
CM Voltage ~ AN
-1/2 Ve INN = CM Voltage
CM - 1/2 Vg t

Single-Ended Inputs

A INP +Vier

CM + ]/2 VREF
CM Voltage
CM - 1/2 Vg W\/
INN ~Vrer
t
Differential Inputs
(INP) + (INN)
Common-Mode Voltage (Differential Mode) = 2— , Common-Mode Voltage (Single-Ended Mode) = INN.

Input Range (Differential Mode) = (AINP - AINN) = 2 Vger,

Figure 23. Using the ADX320Q/ADX3202Q in Single-Ended and Differential Input Modes
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8.3.10 PGA SETTINGS AND INPUT RANGE

The PGA is a differential input or differential output amplifier. It has seven gain settings (1, 2, 3, 4, 6, 8, and 12)
that can be set by writing to the CHNSET register (see the CH1SET and CH2SET Registers in the REGISTER MAPS
section for details). The ADX320Q/ADX3202Q devices have CMOS inputs and hence have negligible current

noise.
T
|
From MuxP + Rs = 2kQ PGAI1P
o >—p———S>— W)
- R, Cpr
150kQ) | {;
|
R
60KQ | L Curs
(for Gain = 6) | '
|
" Rs = 2kQ) I
- 150kQ2 s =
AN &
PgaN g V4 \/\/\/\ O
From MuxN + | PGAIN Jé Cr2
I

S

Figure 24. PGA Implementation

The PGA resistor string that implements the gain has 360kQ of resistance for a gain of 6. This resistance
provides a current path across the outputs of the PGA in the presence of a differential input signal. This current
is in addition to the quiescent current specified for the device in the presence of a differential signal at the
input. The PGA output is filtered by an RC filter before it goes to the ADC. The filter is formed by an internal
resistor Rs = 2kQ) and an external capacitor Crirer (4.7nF, typical). This filter acts as an anti-aliasing filter with
the -3dB bandwidth of 8.4kHz. The internal Rs resistor is accurate to 15%, so actual bandwidth will vary. This
RC filter also suppresses the glitch at the PGA output caused by ADC sampling. The minimum value of Crmer
that can be used is 4nF. A larger value Cruer capacitor can be used for increased attenuation at higher
frequencies for anti-aliasing purposes. If channel 1 of the ADX320Q/ADX3202Q is used for capacitive
measurement, then a 4.7nF external capacitor is recommended. The tradeoff is that a larger capacitor value
gives degraded THD performance. See Figure 25 for a diagram explaining the THD versus Crurer value for a
10Hz input signal. Capacitor 1 and capacitor 2 can be 220pF + 5% for typical application.

-85

/

~100 /

-105
5

THD (dB)

10 15 20 25
Cewter (nF) Goes

Figure 25. THD vs. Crurer Value
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Special care must be taken in PCB layout to minimize the parasitic capacitance Cp / Cpo. The absolute value
of these capacitances must be less than 20pF. Ideally, Crier should be placed right at the pins to minimize
these capacitors. Mismatch between these capacitors will lead to CMRR degradation. Assuming everything
else is perfectly matched, the 60Hz CMRR as a function of this mismatch is given by Equation 4.

Gain

CMRR = 20109 5563 x ACs x 60 @

Where:
e ACp=Cp - Chpa

For example, a mismatch of 20pF with a gain of 6 limits the CMRR to 112dB. If ACP is small, then the CMRR is
limited by the PGA itself and is as specified in the ELECTRICAL CHARACTERISTICS table. The PGA are chopped
internally at either 8, 32, or 64kSPS, as determined by the CHOP bits (see the BIAS_SENS register, bits(7:6)). The
digital decimation filter filters out the chopping ripple in the normal path, so the chopping ripple is not a
concern. First-order filtering is provided by the RC filter at the PGA output. Additional filtering may be needed
to suppress the chopping ripple. If the PGA output is routed to other circuitry, a 20kQ series resistance must
be added in the path near the CFILTER capacitor. The routing should be matched to maintain the CMRR
performance.

8.3.10.1 INPUT COMMON-MODE€ RANGE

The usable input common-mode range of the front end depends on various parameters, including the
maximum differential input signal, supply voltage, and PGA gain. Equation 5 describes this range.

Gain x Viax DIFF)
2

Gain x Vivax pirr
2

AVDD - 0.2V - ( ) >CM > AVSS + 0.2V + < ®)

Where:

*  Vwmax oirr = maximum differential signal at the input of the PGA.

CM = common-mode range.

For example:

If VDD = 3V, gain = 6, and VMAX_DIFF = 350mV, then 1.25V < CM < 1.75V.
8.3.10.2 INPUT DIFFERENTIAL DYNAMIC RANGE

The differential (INP — INN) signal range depends on the analog supply and reference used in the system.
Equation 6 shows this range.
VREF iVREF 2VREF
Max (INP - INN) < ﬁ’ Full-Scale Range = m = ﬁ (6)
The 3V supply, with a reference of 2.4V and a gain of 6, is optimized for power with a differential input signal
of approximately 300mV. For higher dynamic range, a 5V supply with a reference of 4V (set by the VREF_4V
bit of the CONFIG2 register) can be used to increase the differential dynamic range.

Page 28 of 91 | www.analogysemi.com Public © 2022 AnalogySemi Lid. All Rights Reserved.



ADX3200/ADX32020

Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling
Analog-to-Digital Converter with PGA Built-In

8.3.10.3 ADC A> MODULATOR

Each channel of the ADX320Q/ADX3202Q has a 24-bit AX ADC. This converter uses a second-order modulator
optimized for low-power applications. The modulator samples the input signal at the rate of fyop = fck / 4 or
fcik / 16, as determined by the CLK_DIV bit. In both cases, the sampling clock has a typical value of 128kHz.
As in the case of any Az modulator, the ADX320Q/ADX3202Q noise is shaped until fwop / 2, as shown in Figure
26.The on-chip digital decimation filters explained in the DIGITAL DECIMATION FILTER section can be used to
filter out the noise at higher frequencies. These on-chip decimation filters also provide antialias filtering. This
feature of the AZ converters drastically reduces the complexity of analog antialiasing filters that are typically
needed with nyquist ADCs.

Power Spectral Density (dB)
&
o

[
DO E W
cooo

" 0.001 0.01 0.1 1
Normalized Frequency (fp/fyop) @01

Figure 26. Power Spectral Density (PSD) of a AX Modulator
8.3.11 DIGITAL DECIMATION FILTER

The digital filter receives the modulator output and decimates the data stream. By adjusting the amount of
filtering, fradeoffs can be made between resolution and data rate: filter more for higher resolution, filter less
for higher data rates.

8.3.12 SINC FILTER STAGE (SINX / X)

The sinc filter is a variable decimation rate, third-order, low-pass filter. Data are supplied to this section of the
filter from the modulator at the rate of fuop. The sinc filter attenuates the high-frequency noise of the modulator,
then decimates the data stream into parallel data. The decimation rate affects the overall data rate of the
converter.

Equation 7 shows the scaled Z-domain transfer function of the sinc filter.
3

H@)I = [~ z ™)
1-7"'
The frequency-domain transfer function of the sinc filter is shown in Equation 8.
3
sin [_anf
IH()| = |—HR2— (8)

N x sin [fo]
MOD

Where:

* N = decimation ratio
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The sinc filter has notches (or zeroes) that occur at the output data rate and multiples thereof. At these
frequencies, the filter has infinite attenuation. Figure 27 shows the sinc filter frequency response and Figure
28 shows the sinc filter roll-off. With a step change at input, the filter takes 3 tor to settle. After a START signal
rising edge, the filter takes tseme time to give the first data output. The filter settling times at various data rates
are discussed in the START section. Figure 29 and Figure 30 show the filter transfer function until fuop / 2 and
fmop / 16, respectively, at different data rates. Figure 31 shows the transfer function extended until 4 fyop. It can
be seen that the ADX320Q/ADX3202Q passband repeats itself at every fuop. The input R-C anti-aliasing filters
in the system should be chosen such that any interference in frequencies around multiples of fyop are
attenuated sufficiently.

i =
v \\ , N
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- H i X

Gain (dB)
Gain (dB)

-140 -3
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Figure 27. Sinc Filter Frequency Response Figure 28. Sinc Filter Roll-Off
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Figure 29. Transfer Function of On-Chip Decimation Filters  Figure 30. Transfer Function of On-Chip Decimation Filters
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Figure 31. Transfer Function of On-Chip Decimation Filters
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8.3.13 REFERENCE

Figure 32 shows a simplified block diagram of the ADX320Q/ADX3202Q internal reference. The reference
voltage is generated with respect to AVSS. The VREFN pin must always be connected to AVSS.

1uF
| |
I |
VCAPI
R,
Bandga +
gap 2.42V or 4V | veere
RS(‘)
VWA —— 104F == 0.1pF
R2(1)
| VREFN
<« | Avss

To ADC Reference Inputs

(1) For VREF =2.42V: R] = ]OOKQ, Rz = 200kQ, and R3 = 200kQ. For VREF =4V: R] = 84kQ, R2 = 120kQ, and R3 = 280kQ.

Figure 32. Internal Reference

The external band-limiting capacitors determine the amount of reference noise contribution. For high-end
capacitive sensing systems, the capacitor values should be chosen such that the bandwidth is limited to less
than 10Hz so that the reference noise does not dominate the system noise. When using a 3V analog supply,
the internal reference must be set to 2.4V. In case of a 5V analog supply, the internal reference can be set
to 4V by setting the VREF_4V bit in the CONFIG2 register.

Alternatively, the internal reference buffer can be powered down and VREFP can be applied externally. Figure
33 shows a typical external reference drive circuitry. Power-down is controlled by the PDB_REFBUF bit in the
CONFIG2 register. This power-down is also used to share internal references when two devices are cascaded.
By default, the device wakes up in external reference mode.

100kQ

100Q

»—\/\/\/\—oﬁo To VREFP Pin

{I; 10pF {I; 0.1pF

+5v O— VIN out

REF

TRIM

Figure 33. External Reference Driver
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8.3.14 CLOCK

The ADX320Q/ADX3202Q devices provide two different methods for device clocking: internal and external.
Internal clocking is ideally suited for low-power, battery-powered systems. The internal oscillator is tfrimmed
for accuracy at room temperature. Over the specified temperature range the accuracy varies, see the
ELECTRICAL CHARACTERISTICS. Clock selection is controlled by the CLKSEL pin and the CLK_EN register bit.

The CLKSEL pin selects either the internal or external clock. The CLK_EN bit in the CONFIG2 register enables
and disables the oscillator clock to be output in the CLK pin. A truth table for these two pins is shown in Table
22.The CLK_EN bit is useful when multiple devices are used in a daisy-chain configuration. It is recommended
that during power-down the external clock be shut down to save power.

Table 22. CLKSEL Pin and CLK_EN Bit

CLKSEL PIN CONFIG2.CLK_EN BIT CLOCK SOURCE CLK PIN STATUS
0 X External clock Input: external clock
1 0 Internal clock oscillator 3-state
1 1 Internal clock oscillator Output: internal clock oscillator

The ADX320Q/ADX3202Q devices have the option to choose between two different external clock
frequencies (512kHz or 2.048MHz). This frequency is selected by setting the CLK_DIV bit (bit 6) in the BO_STAT
register. The modulator must be clocked at 128kHz, regardless of the external clock frequency. Figure 34
shows the relationship between the external clock (fcik) and the modulator clock (fwop). The default mode
of operation is fcik = 512kHz. The higher frequency option has been provided to allow the SPI to run at a
higher speed. SCLK can be only twice the speed of fcix during a register read or write, see section on sending
multi-byte commands. Having the 2.048MHz option allows for register read and writes to be performed at
SCLK speeds up to 4.096MHz.

Frequency
f
o Divider
Divide-By-4
fvop
Frequency
Divider
Divide-By-16
CLK_DIV
(Bit 6 of BO_STAT
Register)

Figure 34. Relationship Between External Clock (fcik) and Modulator Clock (fwop)

The ADX320Q/ADX3202Q can set internal oscillator clock to detect external clock when the CLKSEL pin is O.
If the external clock missing extends 255 internal oscillator cycles, the device clock source will be switched
to internal oscillator clock and the CLK_MISS field of MOD_STAT1 will be set. After CLK_MISS is set a chip level,
reset is needed.
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8.3.15 POWER MODE

The device has four working modes to balance the performance and power for dedicated application
usage. Table 23 shows the configuration for different modes. High-Speed has better performance and the
higher power consumption, while High-Resolution has the better power consumption compared with the
High-Speed mode on the same data rate setfting. Follow Table 23 to configure the power mode.

Table 23. WMODE Setting

WMODE CLOCK FREQUENCY | BO_STAT(6:5) PWR(6) BO_SENS(6) | DR(2:0) and ODR
High-Speed 1.024MHz /2.048MHz | 2'b00/ 2b10° | 0: fuop = 256kHz 0 ODEE ZE?dSPs
High-Resolution | 512kHz / 2.048MHz 2600 /2601 | 0: fyop = 128KHz 0 ODRDE =1205'>sps

With different working mode, the data rate can be configured to meet application requirements. The fyop is
decided by WMODE, clock frequency, and clock divider.

Table 24. Data Rate Configuration

BIT OVERSAMPLING RATIO fmop = 256kHz fmop = 128kHz
000 fmop / 1024 250SPS 125SPS

001 fmop / 512 500SPS 250SPS

010 fmop / 256 1kSPS (default) 500SPS (default)
011 fmop / 128 2kSPS 1kSPS

100 fmop / 64 4kSPS 2kSPS

101 fmop / 32 8kSPS 4kSPS

110 fmop / 16 16kSPS 8kSPS

111 Do not use Do not use Do not use

8.3.16 DATA FORMAT

The ADX320Q/ADX3202Q devices output 24 bits of data per channel in binary two’s complement format, MSB
first. The LSB has a weight of Vger / (22° - 1). A positive full-scale input produces an output code of 7FFFFFh and
the negative full-scale input produces an output code of 800000h. The output clips at these codes for signals
exceeding full-scale. Table 25 summarizes ideal output codes for different input signals. All 24 bits toggle
when the analog input is at positive or negative full-scale.

Table 25. Ideal Output Code versus Input Signal

INPUT SIGNAL, Vin (AINP - AINN) IDEAL OUTPUT CODE™
2 Vier 7FFFFFh
+Veer / (22 - 1) 000001h
0 000000h
~Veer / (28 - 1) FFFFFFh
< Ve 22728 - 1) 800000h

Note: Excludes effects of noise, linearity, offset, and gain error.
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8.3.17 MULTIPLE DEVICE CONFIGURATION

The ADX320Q/ADX3202Q devices are designed to provide configuration flexibility when multiple devices are
used in a system. The serial interface typically needs four signals: DIN, DOUT, SCLK, and CS. With one
additional chip select signal per device, multiple devices can be connected together. The number of signals
needed to interface n devices is 3 + n.

The bias ampilifiers can be daisy-chained as explained in the BIAS CONFIGURATION WITH MULTIPLE DEVICES
section. To use the internal oscillator in a daisy-chain configuration, one of the devices must be set as the
master for the clock source with the internal oscillator enabled (CLKSEL pin = 1) and the internal oscillator
clock brought out of the device by setting the CLK_EN register bit to '1'. This master device clock is used as
the external clock source for the other devices.

When using multiple devices, the devices can be synchronized with the START signal. The delay from START
to the DRDY signal is fixed for a fixed data rate (see the START section for more details on the settling times).
Figure 35 shows the behavior of two devices when synchronized with the START signal.

Device;
START ——0 START; DRDY O—» DRDY,
CLK CLK
Device;
START, DRDY Q—» DRDY:
CLK

START |Note1|

R

(¢

oo L Ll

(¢

DRDY, |4>SJ ” LNote 2|

(1) Start pulse must be at least one tmop cycle wide.
(2) Settling fime number uncertainty is one tyop cycle.

Figure 35. Synchronizing Multiple Converters
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8.3.18 STANDARD MODE

Figure 36 shows a configuration with two devices cascaded together. 2. Together, they create a system with
four channels. DOUT, SCLK, and DIN are shared. Each device has its own chip select. When a device is not
selected by the corresponding CS being driven to logic 1, the DOUT of this device is high-impedance. This
structure allows the other device to take control of the DOUT bus.

START(D O—e-»{ START BROY »| T
CLK O—e—»{CLK CS | GPOO
GPOI

APX3202¢ SCLK [<—T—¢ SCLK

(Device 0) DIN |- ° MOSI

DOUT +—»| MISO

Host Processor

| START DRDY
—| CLK CS |=—
SCLK ja——
ADX3200 DIN j———

(Device 1) DOUT

Figure 36. Multiple Device Configurations
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8.3.12 INPUT MULTIPLEXER

The input multiplexer has special functions for the bias drive signal. The BIAS signal is available at the BIASOUT
pin once the appropriate channels are selected for BIAS derivation, feedback elements are installed
external to the chip, and the loop is closed. This signal can be fed after filtering or fed directly into the BIASINP
pin, as shown in Figure 37. This BIASINP signal can be multiplexed info any one of the input by setting the
MUX bits of the appropriate channel set registers to '0110' for P-side or '0111' for N-side. Figure 37 shows the
BIAS signal generated from channel 1 and routed to the N-side of channel 2. This feature can be used as the
reference signal to drive the common-mode voltage. Note that the corresponding channel cannot be used
and can be powered down.

r-———— 1 BIASIP =1
INTP O -
T L SN W———
EMI || ° | PG>

Filter BIASIN = 1

| muxig3:0) = oooo
( I Mg % VW o—o

INTN O 1—[?—r
| o—1}4

IN2P O ﬁ?—l—
EMI : 0—:'

Filter

BIAS2P = 0

I VWA oo

pe;> i@m 0
VWA o
|

REF_INT =1

| (AVDD + AVSS)
| MUX | 2

| MUXI1(3:0) =0111 I
IN2N O+

SRR

AMP
DEVICE
O O O—
BIASINP BIASOUT BIASINN
mo®
Fesdhrough W—t

1.5nF®
(1) Typical values for example only.

Figure 37. Example BIAS Signal Configured to be Routed to IN2N

The BIASOUT signal can also be routed to a channel (that is not used for the calculation of BIAS) for
measurement. Figure 38 shows the register settings to route the BIASINP signal to channel 2. The measurement
is done with respect to the voltage (AVDD + AVSS) / 2. This feature is useful for debugging purposes during
product development.
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Figure 38. BIASOUT Signal Configured to be Read Back by Channel 2
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8.3.20 SENSOR BURN-OUT

The ADX320Q/ADX3202Q sensor burn-out functional blocks provide significant flexibility to the user to choose
from various sensor burn-out strategies. Though called sensor burn-out, this is in fact an sensor detection.

The basic principle is to inject an excitation signal and measure the response to find out if the sensor is off.
As shown in the sensor burn-out functional block diagram in Figure 39, this circuit provides two different
methods of determining the state of the sensor. The methods differ in the frequency content of the excitation
signal. BURN-OUT can be selectively done on a per channel basis using the BO_SENS register. Also, the internal
excitation circuitry can be disabled and just the sensing circuitry can be enabled.

Sensor

1
|
Example :
|
|
47nF | Z IN1P_OFF/
_| |_ | IN2P_OFF
| 58
51kQ 30kQ | F)\g’: l¥Fl\/[P: 0
INP
W | EMI I *
|
: EMUX(2) EMUX{(] PGA To ADC
51kQ 3\7\;\7\_(:5 Filter 2 (1) Viun i >
VWA ' o
o
d o 6 o \ \
FLiP=\1 \ FLIP=10
47nF : EMUX(0) EMOXE)
| Z ININ_OFF/
—| I— | IN2N_OFF
|
|
|
47 | AVDD  AVSS 6-bit
: DAC [ COMP_TH(2:0)
51kQ 30kQ |
- \/\/\/‘ ¢ \/\/\/\—?4—0 Bias Voltage Drive

Figure 39. Sensor Burn-Out

The block shows DAC provides a programmable reference current and programmable DAC output voltage
for comparators. Burn-out has the debounce filter to remove the 50Hz/60Hz power frequency interference by
enabling debounce (1:0) of BO_CFG register. The debounce time is the setting time for the first valid data.
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In this method, the burn-out excitation is with a DC signal. The DC excitation signal can be chosen from either
an external pull-up or pull-down resistor or a current source or sink, as shown in Figure 40. One side of the
channel is pulled to supply and the other side is pulled to ground. The internal current source and current
sink can be swapped by setting the FLIP1 and FLIP2 bits in the BO_SENS register. In case of current source or
sink, the magnitude of the current can be set by using the IBURN-OUT(1:0) bits in the BO register. The current
source or sink gives larger input impedance compared to the 10MQ pull-up or pull-down resistor.

AVDD AVDD
Device Device
10MQ
INP O—e INP O ®
PGA PGA
INN O—e INN © *
10MQ *

Y%

a) External Pull-Up/Pull-Down Resistors b) Input Current Source

Figure 40. DC Burn-Out Excitation Options

Sensing of the response can be done either by looking at the digital output code from the device or by
monitoring the input voltages with an on-chip comparator. If either of the sensors is off, the pull-up resistors
and the pull-down resistors saturate the channel. By looking at the output code, it can be determined that
either the P-side or the N-side is off. To pinpoint which one is off, the comparators must be used. The input
voltage is also monitored using a comparator and a 6-bit digital-to-analog converter (DAC) whose levels
are set by the COMP_TH(2:0) bits in the BO register. The output of the comparators are stored in the BO_STAT
register. These two registers are available as a part of the output data stream. (See the DATA OUTPUT (DOUT)
section.) If DC burn-out is not used, the burn-out comparators can be powered down by setting the
PDB_BO_COMP bit in the CONFIG2 register.

BO_ISTEP can be used to adjust the current value and comparator voltage for sensor burn-out. If CUR_LEVEL
of BO_ISTEP is 0, the amplitude of the excitation current used for sensor burn-out can be programmed in the
ISTEP field, where codes 0 to 63 result in currents ranging from OnA to 174nA in steps of 2.75nA. An example
procedure to turn on DC burn-out is given in the BURN-OUT section.

When the BIAS amplifier is powered on, the current source has no function. Only the comparator can be
used to sense the voltage at the output of the BIAS ampilifier. The comparator thresholds are set by the same
BO(7:5) bits used to set the thresholds for other negative inputs. It is optional to use BO_BIAS to set the threshold
of positive and negative rails via the BIAS_DEC_EN and the RCOMP_TH(2:0) bits o control the voltage value.

BIAS_BO_P and BIAS_BO_N in the MOD_STAT2 register show the status of BIAS burn-out.
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8.3.21 BIAS AMPLIFIER

The bias amplifier circuitry is used as a means to counter the common-mode interference in a system as a
result of power lines and other sources. The BIAS circuit senses the common-mode of a selected set of sensors
and creates a negative feedback loop by driving a inverted common-mode signal. The negative feedback
loop restricts the common-mode movement to a narrow range, depending on the loop gain. Stabilizing the
entire loop is specific to the individual user systemm based on the various poles in the loop. The
ADX320Q/ADX3202Q devices integrate the MUXes to select the channel and an operational amplifier. All the
amplifier terminals are available at the pins, allowing the user to choose the components for the feedback
loop. The circuit shown in Figure 41 shows the overall functional connectivity for the BIAS circuit.

The reference voltage for the bias amplifier can be chosen to be internally generated (AVDD + AVSS) / 2 or
it can be provided externally with a resistive divider. The selection of an internal versus external reference
voltage for the BIAS loop is defined by writing the appropriate value to the BIASREF_INT bit in the PWR register.

From
MUX1P + BIASTP 400kQ
PGAIP . o o—— A\
) 150kQ 400kQ BIAS2P + ’F\;lﬁf)gp
— /W o o o PGA2P
60'(0{ % 150kQ - _‘
- % 1502 400kQ 60kQ
PGAIN o o—— M
From + BIASIN
MUXIN 400kQ 150kQ _
YW o o PGA2N
BIASZN R From
MUX2N
BIASINN
Py )
N/
J— Cex? Rext”
1.5nF MQ -
A BIAS
® \ 9 Amp
AVDD + AVSS
BIASOUT . — o o J—L;
BIASINP O o o
BIASIN2RAMPP_ON
O To MUX

(1) Typical values.

Figure 41. BIAS Channel Selection

If the BIAS function is not used, the ampilifier can be powered down using the PDB_BIAS bit. This bit is also used
in daisy-chain mode to power down all but one of the BIAS amplifiers.

The functionality of the BIASINP pin is explained in the INPUT MULTIPLEXER section.
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8.3.22 BIAS CONFIGURATION WITH MULTIPLE DEVICES

Figure 42 shows multiple devices connected to a BIAS.

- (AVDD +AVSS)|  — Device N ) (AVDD + AVSS)|  — Device 2 < (AVDD +AVSS)l Device 1
S 2 S 2 =] 2
= = =
}’1 VA VA ‘c:’l VA VA }’1 VA VA
2 Power-Down 2 2
el 2 el
O O O T 2 O
BIASINP BIAS BIASINN BIASINP BIAS BIASINN BIASINP BIAS 2 ) BIASINN
ouTt ouTt out Cext

Figure 42. BIAS Connection for Multiple Devices
8.3.23 FIFO

The ADX320Q/ADX3202Q devices have 12 depth sample FIFO inside. The width of every sample is 56 bits. The
software uses the FIFO_CFG2 depth field to set the FIFO content numbers for triggering MCU to read FIFO
data, and GPIO_SEL(1:0) are used to select the output GPIO status. Figure 43 shows the FIFO sample frame
format for FRAME_CFG(2:0) of the FIFO_CFG1 register.

p
8 bits I 24 bits I 24 bits
8 bits I 24 bits I 24 bits
8 bits I 24 bits I 24 bits
8 bits I 24 bits I 24 bits
> <
Depth 12 I I .
> <
8 bits I 24 bits I 24 bits
8 bits I 24 bits I 24 bits
8 bits I 24 bits I 24 bits
> <
8 bits I 24 bits I 24 bits

Figure 43. FIFO Frame Format

© 2022 AnalogySemi Ltd. All Rights Reserved. Public www.analogysemi.com | Page 41 of 91



ADX3200/ADX32020
Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling
Analog-to-Digital Converter with PGA Built-In

There are two formats for FIFO usage application. In both occasions, the FIFO data will not enable the CRC.

If the application only activates one ADC channel to sample dataq, it is better to configure FRAME_CFG
= 000. The frame format is as below: Two continuous ADC data (first conversion data and second
conversion data) make one FIFO sample item. The active channel is decided by the PD fields of CH1SET

and CH2SET.

{3-bit burn-out (1lst), 3-bit burn-out (2nd), 1l-bit GPIO (lst), 1l-bit GPIO (2nd), 24-
bit conversion data (lst), 24-bit conversion data (2nd)}

Note that the 3-bit burn-out is the active channel to sample data sensor burn-out status based on the
register configuration.

If the application activates two ADC channels, it is better to configure FRAME_CFG = 001. The active
channel is decided by the PD fields of CHISET and CH2SET. The frame format is as below:

{5-bit burn-out, 1b0, 2-bit GPIO data, 24-bit CHl conversion data,24-bit CH2
conversion data}

Note that the 5-bit burn-out is the active channel to sample conversion data sensor burn-out status
based on the register configuration.

8.3.23.1 FIFO USAGE SEQUENCE

The software needs to stop the RDATAC mode before enabling FIFO. The RFIFO command will be dropped if
CRC check fails and there is no data output. If FIFO is disabled, the system will always read wrong FIFO entry
data, but it will not disturb the FIFO data. FIFO will output a DRDY or a GPIO interrupt to external MCU, and
then wait the external MCU to send the RFIFO command to read FIFO data. The external MCU is able to read
more data items than threshold value based on the DLVL(4:0) fields of FIFO_STAT register status, however, the
RFIFO number cannot exceed the maximum FIFO depth.

)

DIN :>< OPCODE 1 >< OPCODE 2 >\ «

Y i i 'Wx( -
— RFIFO DATA X RFIFO DATA +1 X
DOUT \ » + -

Figure 44. RFIFO Sequence
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FIFO Initial Setting

START command

ADC Produce data

NO
Hit THD?

YES

Send INT with
DRDY Pin or
GPIO Pin

MCU Response
1. Read status register if needed by RREG CMD.
2. Send Read FIFO (RFIFO) CMD with length.

Read FIFO
DATA

NO Read FIFO
Done

YES

Wait New INT

Figure 45. FIFO Read Usage Sequence
8.3.24 SHORT PROTECTION

The device is enabled to detect the output pin short ground or short power status when I0_3MA field of
CONIFGS5 is configured to 1O High Drive mode, and it will reduce the current to 500pA automatically when
short condition is met. The DOUT, DRDY, GPIO1, GPIO2, and CLK pin has this capability when they are
configured as output. The first short status will be captured info MOD_STAT] register with the SHORT_GND and
SHORT_PWD fields. The software needs to clear the fields before capturing the new short status. When any of
the output pin is shorted to ground, the SHORT_GND will be set. When any of the output pin is shorted to power,

SHORT_PWD will be set.
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8.3.25 1/0 TIMING CAPABILITY

For digital 1/0O output function, the I0_3MA and IO_SRM fields of the CONFIG5 register is used to control the
I/0O power consumption, maximum frequency, and anti-EMI interference capability except the DOUT pin. The
DOUT pin has a dedicated DOUT_DO3MA controller bit in the EPMIX_CFG register, All 1/0O share one I0_SRM
configuration value. Follow the settings listed in Table 26 to configurate a reasonable value based on
application requirement.

Table 26. Recommended |/O Configuration

I/O FREQUENCY
MAX. OUT IO_SRM VALUE I0_3MA DOUT_DO3MA ANTI-EMI POWER
3MHz 0 0 1 Best Lower
4MHz 0 1 0 Middle Low
10MHz 1 0 1 Middle High
20MHz 1 1 0 Wort Higher

8.3.26 INTERRUPT

The device has five interrupt sources and the interrupt is output to GPIO by configuring the INTGPIO field of
COFNG5 and enabling the GPIO register output function. The five interrupts are BO interrupt INT1, ADC data
out of range interrupt INT2, FIFO interrupt INT3, CLK missing interrupt INT4, and invalid SPI CMD interrupt INT5.
All Interrupts will drive GPIO to high when the interrupt is friggered.

e For INT1, the minimum interrupt pulse is different. It is about 15.6ms when the DEBOUCE field of BO_CFG is
configured to 2’'b10, and it is about 7.8ms when the DEBOUCE field is configured to 2’'b01. Before using
INT1, enable the BO_ISTEP.BO_INT_EN field.

* For INT2, the minimum interrupt pulse is one FDR cycle. Before using INT2, enable the CONFIG4.DR_INT_EN
field.

* For INT3, the minimum interrupt pulse is about 4us. Before using INT3, enable the FIFO_CFG1.FIFO_INT_EN
field.

* For INT4, the CLK missing is a long pulse until the software clears it or there is a system reset. Before using
INT4, enable the CONFIG4.CLK_MISS_INT_EN field.

* For INTS, the first invalid command is reported, and the interrupt is a long pulse until the software clears
the invalid command status. Before using INT5, enable the CONFIGS5.INV_CMD_INT_EN field.

8.3.27 SETTING THE DEVICE FOR BASIC DATA CAPTURE

This section outlines the procedure to configure the device in a basic state and capture data. The procedure
is infended to put the device in a datasheet condition to check if the device is working properly in the user's
system. It is recommended that this procedure be followed initially to get familiar with the device settings.
Once this procedure has been verified, the device can be configured as needed. For details on the timings
for commands, refer to the appropriate sections in the datasheet. Figure 46 details a flowchart of the
configuration procedure.
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8.3.27.‘ Bun"'ou'
Sample code to set DC burn-out with current source or sink resistors on all channels:

WREG BO 10h // Comparator threshold at 95% and 5%,

burn-out

WREG CONFIG2 EOh // Turn on DC burn-out comparators

WREG BO_SENS 0Fh // Turn on both P- and N-side of all channels for burn-out sensing

Observe the status bits of the output data stream to monitor burn-out status.

Set CLKSEL Pin = 0 and
Provide External Clock
fow = 512kHz

Analog/Digital Power-Up

External
Clock

Set CLKSEL Pin =1
and Wait for Oscillator
to Wake Up

A4

Set PWDN/RESET = 1
Wait for 1s for
Power-On Reset

!

Issue Reset Pulse,
Wait for 18 tciks

I

Send SDATAC
Command

Set PDB_REFBUF = 1
and Wait for Internal
Reference To Settle

External Reference

Yes

v

Write Certain Registers,
Including Input Short

A4

Set START =1

'

RDATAC

v

Capture Data and
Check Noise

'

Set Test Signals

!

Capture Data and
Test Signals

/1 Follow Power-Up Sequencing

/1 If START is Tied High, After This Step
// DRDY Toggles at fyop/ 256

// Delay for Power-On Reset and Oscillator Star-Up

/1 Activate DUT

// CS can be Either Tied Permanently Low

/1 Or Selectively Pulled Low Before Sending

// Commands or Reading/Sending Data From/To Device

// Device Wakes Up in RDATAC Mode, so Send
// SDATAC Command so Registers can be Written
SDATAC

/1 If Using Internal Reference, Send This Command
— WREG CONFIG2 AOh

// DRATE = 500SPS

WREG CONFIG1 02h

// Set All Channels to Input Short
WREG CHNSET 01h

// Activate Conversion
/1 After This Point DRDY Should Toggle at
1/ fcik Review

// Put the Device Back in RDATAC Mode
RDATAC

// Look for DRDY and Issue 24 + n x 24 SCLKs

/1 Activate a (ImV x Ver/2.4) Square-Wave Test Signal
// On All Channels

SDATAC

WREG CONFIG2 A3h

WREG CHNSET 05h

RDATAC

// Look for DRDY and Issue 24 + n x 24 SCLKs

Figure 46. Initial Flow at Power-Up
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8.3.28 DEVICE FUNCTIONAL MODES

The ADX320Q/ADX3202Q can be used in different functional modes, as a single device in a system, or as
multiple devices in a system. The ADX320Q/ADX3202Q devices are designed to provide configuration
flexibility when multiple devices are used in a system, as explained in the MULTIPLE DEVICE CONFIGURATION
section.

In terms of data conversion, the device can operate in continuous mode as explained in the CONTINUOUS
MODE section, or in the Single-Shot mode as explained in the SINGLE-SHOT MODE section.

8.3.29 FUNCTION SAFETY MANUAL

Table 27 provides an overview of safety mechanism. The functional safety feature is useful for auto-
application, please take care the safety mechanism and user registers content to use this features.

Table 27. Safety Mechanism Overview

SM DIAGNOSTIC NAME DESCRIPTION/SAFETY STATE STATUS FLAG
1 Device Error Device initial setting error EF_UERR
2 CLK Miss or Invalid External clock is missing or invalid. CLK_MISS
. . PGATP_OOR
3 PGA1 Out of Range PGAT1 P side or N side out of range PGAIN_OOR
. . PGA2P_OOR
4 PGA2 Out of Range PGA2 P side or N side out of range PGA2N_OOR
. . BIAS_BO_P
5 BIAS Burn-Out BIAS burn-out for P side or N side BIAS_BO_N
. INTN_OFF
6 Channel 1 Burn-Out | Channel 1 P or N side burn-out INTP_OFF
. IN2N_OFF
7 Channel 2 Burn-Out Channel 2 P or N side burn-out IN2P_OFF
. . SHOT_PWR
8 Output Pin Short Output pin is shorted to power or ground. SHOT_GND
9 Invalid Command Invalid command is detected. INVALID_CMD_ERR
DAT_CRC_ERR
10 CRC Error Command CRC or data CRC error CMD._CRC._ERR
11 FRAME Miss Frame is missing or overlapped by new data. FRAME_MISS
12 FIFO Error F[FO read pointer is not equal to write pointer when FIFO is FIFO_ERR
disabled.

8.3.30 OFFSET CALIBRATION

The ADX320Q/ADX3202Q devices provide offset calibration to reduce the offset error. After reset or power-on,
perform an offset calibration to cancel most offset. The offset calibration can also offset temperature drift. It
is recommended to perform an offset calibration when environment temperature changes significantly.

To perform an offset calibration, send an OFFSETCAL command. After the command is completed, offset
adjustment value is written into the OFC_CHO0 to OFC_CH22 registers. The conversion data is automatically
compensated before it is read out. No more calculation is needed for offset calibration.

See Table 9 for the performance of offset after calibration. OFC_CHxx can be read and written. It is also
supported to write a specific value in the OFC_CHxx register.
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8.4 PROGRAMMING
8.4.1 SPI INTERFACE

The SPl-compatible serial interface consists of four signals: CS, SCLK, DIN, and DOUT. The interface reads
conversion data, reads and writes registers, and controls the ADX320Q/ADX3202Q operation. The DRDY
output is used as a status signal to indicate when data are ready. DRDY goes low when new data are
available.

8.4.1.1 CHIP SELECT (CS)

CS selects the ADX320Q/ADX3202Q for SPI communication. CS must remain low for the entire duration of
the serial communication. After the serial communication is finished, always wait four or more tcik cycles
before taking CS high. When CS is taken high, the serial interface is reset, SCLK and DIN are ignored, and
DOUT enters a high-impedance state. DRDY asserts when data conversion is complete, regardless of
whether CS is high or low.

8.4.1.2 SERIAL CLOCK (SCLK)

SCLK is the serial peripheral interface (SPI) serial clock. SCLK is used to shiff commands in and shift data out
from the device. The serial clock features a Schmitt-triggered input and clocks data on the DIN and DOUT
pins info and out of the ADX320Q/ADX3202Q. Even though the input has hysteresis, it is recommmended to
keep SCLK as clean as possible to prevent glitches from accidentally forcing a clock event. The absolute
maximum SCLK limit is specified in the Table 10. When shifting in commands with SCLK, make sure that the
entire set of SCLKs is issued to the device. Failure to do so could result in the device serial interface being
placed into an unknown state, requiring CS to be taken high to recover.

For a single device, the minimum speed needed for the SCLK depends on the number of channels, number
of bits of resolution, and output data rate. (For multiple cascaded devices, see the MULTIPLE DEVICE
CONFIGURATION section.) The minimum speed can be calculated with Equation 9.
for - 4 fewk
5o < 75 % x 24 bits + STATUS) ®)
For example, if the ADX3202Q is used in a 500SPS mode (2 channels, 24-bit resolution), the minimum SCLK
speed is approximately 36kHz.

Data retrieval can be done either by putting the device in RDATAC mode or by issuing a RDATA command
for data on demand. The above SCLK rate limitation applies to RDATAC. For the RDATA command, the
limitation applies if data must be read in between two consecutive DRDY signals. Equation 9 assumes that
no other commands are issued in between data captures. SCLK can only be twice the speed of fcik during
register reads and writes. For faster SPI interface, use fcik = 2.048MHz and set the CLK_DIV register bit (in the
BO_STAT register) to '1".
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8.4.1.3 DATA INPUT (DIN)

The data input pin (DIN) is used along with SCLK to communicate with the ADX320Q/ADX3202Q (opcode
commands and register data). The device latches data on DIN on the SCLK falling edge.

8.4.1.4 DATA OUTPUT (DOUT)

The data output pin (DOUT) is used with SCLK to read conversion and register data from the
ADX320Q/ADX3202Q. The START pin must transition from low to high before the data output pin can generate
any data. Data on DOUT are shifted out on the SCLK rising edge. DOUT goes to a high-impedance state
when CS is high.

Figure 47 shows the data output protocol for the ADX3202Q.

{C {C

{C
m I_l ) )) J))
_ — —
CS (C (C r)
p)) J))
%
< >
((C J(e (C
pout ———< 2 sTAT X cHl X CH2 ><—
) )

)
24-Bit 24-Bit 24-Bit

(( (C ((
DIN D) D) D)

Figure 47. SPI Bus Data Output for the ADX3202Q (Two Channels)
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8.4.1.5 DATA RETRIEVAL

Data retrieval can be accomplished in one of two methods. The read data continuous command (see the
RDATAC: READ DATA CONTINUOUS section) can be used to set the device in a mode to read the data
continuously without sending opcodes. The read data command (see the RDATA: READ DATA section) can
be used to read just one data output from the device (see the SPI COMMAND DEFINITIONS section for more
details). The conversion data are read by shifting data out on DOUT. The MSB of the data on DOUT is clocked
out on the first SCLK rising edge. DRDY returns to high on the first SCLK falling edge. DIN should remain low
for the entire read operation.

The number of bits in the data output depends on the number of channels and the number of bits per
channel. For the ADX320Q/ADX3202Q, the number of data outputs is (24 status bits + 24 bits x 2 channels) =
72 bits. The format of the 24 status bits is:

(1100 + BO_STAT(4:0) + GPIO(1:0) + 5 '0's + 8 '0's + 24 bits x 2 channels) when CONFG1.DOUT_CRC_EN is
disabled, or

(1100 + BO_STAT(4:0) + GPIO(1:0) + 5 '0's + 8-bit CRC STATUS WORD + 24 bits x 2 channels) when
CONFG1.DOUT_CRC_EN is enabled and CRC data is for (1100 + BO_STAT(4:0) + GPIO(1:0) + 5 '0's + 24 bits x 2
channels) data field.

The data format for each channel data is two’s complement, MSB first. When channels are powered down
using user register settings, the corresponding channel output is set to '0'. However, the sequence of channel
outputs remains the same. Table 28 lists the data formats.

Table 28. Data Format

PRODUCT DATA FORMAT
The data format is 48 bits with the same 24 bits status and CRC rule for 2-channel
product.
(1100 + BO_STAT(4:0) + GPIO(1:0) + 5'0's + 8 '0's + 24 bits) when
24-bit ADC, 1-channel CONFG1.DOUT_CRC_EN is disabled, or

(1100 + BO_STAT(4:0) + GPIO(1:0) + 5 '0's + 8-bit CRC STATUS WORD + 24 bits) when
CONFG1.DOUT_CRC_EN is enabled and CRC data is for (1100 + BO_STAT(4:0) +
GPIO(1:0) + 5'0's + 24 bits) data field,

The data format is 48 bits without CRC and data format is 56 bits with CRC.

(1100 + BO_STAT(4:0) + GPIO(1:0) + 5 '0's + 16 bits x 2 channels) when
CONFG1.DOUT_CRC_EN is disabled, or

(1100 + BO_STAT(4:0) + GPIO(1:0) + 5 '0's + 8-bit CRC STATUS WORD +16 bits x 2
channels) when CONFG1.DOUT_CRC_EN is enabled and CRC data is for (1100 +
BO_STAT(4:0) + GPIO(1:0) + 5'0's + 16 bits x 2 channels) data field,

The data format is 32 bits without CRC and data format is 40 bits with CRC.
(1100 + BO_STAT(4:0) + GPIO(1:0) + 5'0's + 16 bits) when CONFG1.DOUT_CRC_EN is
disabled, or
(1100 + BO_STAT(4:0) + GPIO(1:0) + 5'0's + 8-bit CRC STATUS WORD +16 bits) when
CONFG1.DOUT_CRC_EN is enabled and CRC data is for (1100 + BO_STAT(4:0) +
GPIO(1:0) + 5'0's + 16 bits) data field,
The data format is 56 bits without CRC, and data format is 72 bits with CRC.
(FIFO_ITEMBO + FIFO_ITEMB1 + FIFO_ITEMB2 + FIFO_ITEMB3 + FIFO_ITEMB4 +
FIFO_ITEMB5 + FIFO_ITEMB6) when CONFG1.DOUT_CRC_EN is disabled, or

. (FIFO_ITEMBO + 8’b0 + 8-bit CRC STATUS WORD + FIFO_ITEMB1 + FIFO_ITEMB2 +
Any product with FIFO FIFO_ITEMB3 + FIFO_ITEMB4 + FIFO_ITEMB5 + FIFO_ITEMBG6) when
CONFG1.DOUT_CRC _EN is enabled and CRC data is for (FIFO_ITEMBO + 8’b0 +
FIFO_ITEMB1 + FIFO_ITEMB2 + FIFO_ITEMB3 + FIFO_ITEMB4 + FIFO_ITEMBS +
FIFO_ITEMB®6) data field,

16-bit ADC, 2-channel

16-bit ADC, 1-channel

The ADX320Q/ADX3202Q devices also provide a multiple readback feature. Data can be read out multiple
times by simply giving more SCLKs, in which case the MSB data byte repeats after reading the last byte. In
RDATAC mode, hardware is able to check FRAME overwrite for SPI slow read reason or SPI interface hang by
setting CONFIG5.FRAM_CHK_EN to 1. When the FRAME overwrite detection feature is enabled, the data
cannot be read out multiple times by simply giving more SCLKs. In RFIFO mode, when FIFO_CFG1(0) is
enabled, the RDATA and RDATAC commands are not allowed to be sent.

© 2022 AnalogySemi Ltd. All Rights Reserved. Public www.analogysemi.com | Page 49 of 91



ADX3200/ADX32020

Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling
Analog-to-Digital Converter with PGA Built-In

8.4.1.6 DATA READY (DRDY)

DRDY is an output. When it transitions low, new conversion data are ready. The CS signal has no effect on
the data ready signal. The behavior of DRDY is determined by whether the device is in RDATAC mode or the
RDATA command is being used to read data on demand. (See the RDATAC: READ DATA CONTINUOUS and
RDATA: READ DATAs sections for further details).

When reading data with the RDATA command, the read operation can overlap the occurrence of the next
DRDY without data corruption.

The START pin or the START command is used to place the device either in normal data capture mode or
pulse data capture mode.

Figure 48 shows the relationship between DRDY, DOUT, and SCLK during data refrieval (in case of an
ADX320Q/ADX3202Q with a selected data rate that gives 24-bit resolution). DOUT is latched out at the SCLK
rising edge. DRDY is a fixed 4-6 us low level when ADC data is ready for being read.

DRDY

DOUT I( Bit 71 X Bit 70 X Bit 69

SCLK

Figure 48. DRDY with Data Retrieval (@ =0)

8.4.1.7 GPIO

The ADX320Q/ADX3202Q devices have a total of two general-purpose digital input/output (GPIO) pins
available in the normal mode of operation. The digital I/O pins are individually configurable as either inputs
or as outputs through the GPIOC bits register. The GPIOD bits in the GPIO register control the level of the pins.
When reading the GPIOD bits, the data returned are the logic level of the pins, whether they are programmed
as inputs or outputs. When the GPIO pin is configured as an input, a write to the corresponding GPIOD bit has
no effect. When configured as an output, a write to the GPIOD bit sets the output value.

If configured as inputs, these pins must be driven (do not float) and valid GPIO data can be read after 4 tcik
with CLKDIV = 0 or 16 tcik with CLKDIV = 1 once input pins are driven. The GPIO pins are set as inputs after
power-on or after a reset. Figure 49 shows the GPIO port structure. The pins should be shorted to DGND with
a series resistor if not used.

GPIO Data
(read)

GPIO Pin

GPIO Data )
(write)

GPIO )

Conftrol

Figure 49. GPIO Port Pin
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8.4.1.8 POWER-DOWN AND RESET (PWDN/RESET)

The PWDN/RESET pins are shared. If PWDN/RESET is held low for longer than 2° fyop clock cycles, the device
is powered down. The implementation is such that the device is always reset when PWDN/RESET makes a
transition from high to low. If the device is powered down, it is reset first and then if 2'° clock elapses it is
powered down. Hence, all registers must be rewritten after power-up.

There are two methods to reset the ADX320Q/ADX3202Q: pull the PWDN/RESET pin low, or send the RESET
opcode command. When using the PWDN/RESET pin, take it low to force a reset. Make sure to follow the
minimum pulse width timing specifications before taking the PWDN /RESET pin back high. The RESET
command takes effect on the eighth SCLK falling edge of the opcode command. On reset, it takes 18 tcwk
cycles to complete initialization of the configuration registers to the default states and start the conversion
cycle. Note that an internal RESET is automatically issued to the digital filler whenever the CONFIG1, RESP1,
PWR, and ERM_CFG(2:0) are set o a new value with a WREG command.

8.4.1.9 START

The START pin must be set high or the START command sent to begin conversions. When START is low or if the
START command has not been sent, the device does not issue a DRDY signal (conversions are halted).

When using the START opcode to control conversion, hold the START pin low. The ADX320Q/ADX3202Q devices
feature two modes to control conversion: continuous mode and single-shot mode. The mode is selected by
SINGLE_SHOT (bit 7 of the CONFIG]1 register). In multiple device configurations, the START pin is used to
synchronize devices (see the MULTIPLE DEVICE CONFIGURATION section for more details).

8.4.1.10 SETTUING TIME

The settling time (tsemie) is the time it takes for the converter to output fully settled data when the START signal
is pulled high. Once START is pulled high, DRDY is also pulled high. The next DRDY falling edge indicates
that data are ready. Figure 50 shows the timing diagram and Table 29 shows the settling time for different
data rates. The settling time depends on fcik and the decimation ratio (controlled by the DR(2:0) bits in the
CONFIG1 register). Refer to Table 29 for the seftling time as a function of tmop. Note that when START is held
high and there is a step change in the input signal, it takes 3 tor for the filter to settle to the new value. Settled
data are available on the fourth DRDY pulse. Settling time number uncertainty is one tmop cycle. Therefore,
it is recommended to add one tmop cycle delay before issuing SCLK to retrieve data.

START Pin > tsemie o
START
DIN Opcode >\ < for >
- > &4/ fow
DRDY

(1) Settling time uncertainty is one tyop cycle.

Figure 50. Settling Time
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Table 29. Settling Time for Different Data Rates

DR(2:0) SETTLING TIME™ UNITS®
000 4100 tmop
001 2052 tmop
010 1028 tmop
011 516 tmop
100 260 tmob
101 132 tmop
110 68 tmop
111 — —

Note 1: Settling time uncertainty is one twop cycle.
Note 2: fMOD =4 fc 1k for CLK_D|V =0and fMOD = 16 tci for CLK_D|V =1.

8.4.1.11 CONTINUOUS MOD€E

Conversions begin when the START pin is taken high or when the START opcode command is sent. As seen in
Figure 51, the DRDY output goes high when conversions start and trigger a 4us negative pulse when data
are ready. Conversions continue indefinitely until the START pin is taken low or the STOP opcode command
is fransmitted. When the START pin is pulled low or the stop command is issued, the conversion in progress is
allowed to complete. Figure 51 and Table 30 show the required DRDY timing to the START pin and the START
and STOP opcode commands when controlling conversions in this mode. To keep the converter running
continuously, the START pin can be permanently tied high. Note that when switching from pulse mode to
contfinuous mode, the START signal is pulsed or a STOP command must be issued, followed by a START

command. This conversion mode is ideal for applications that require a fixed continuous stream of
conversions results.

START Pin
or I or I
DIN START(D sTOP™
Opcode Opcode

>t
m

(1) START and STOP opcode commands take effect on the seventh SCLK falling edge.
Figure 51. Continuous Conversion Mode

DRDY and DOUT —> <4—tsosu
—P €— Tpsip

START Pin

oh
STOP Opcode ><5T0P<1>><3Topu>><

(1) START and STOP commands take effect on the seventh SCLK falling edge at the end of the opcode transmission.

Figure 52. START to DRDY Timing
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Table 30. Timing Characteristics for Figure 51
PARAMETER SYMBOL MIN UNITS

START Pin Low or STOP Opcode to DRDY Setup Time to
Halt Further Conversions

START Pin Low or STOP Opcode to Complete Current
Conversion

tspsu 8 tmop

1DSHD 8 fMOD

Note: START and STOP commands take effect on the seventh SCLK falling edge at the end of the opcode
transmission.

8.4.1.12 SINGLE-SHOT MODE€E

The single-shot mode is enabled by setfting the SINGLE_SHOT bit in the CONFIGT1 register to '1". In single-shot
mode, the ADX320Q/ADX3202Q devices perform a single conversion when the START pin is taken high or
when the START opcode command is sent. As seen in Figure 53, when a conversion is complete, DRDY goes
low and further conversions are stopped. Regardless of whether the conversion data are read or not, DRDY
remains low. To begin a new conversion, take the START pin low and then back high, or transmit the START
opcode again. When switching from continuous mode to pulse mode, make sure the START signal is pulsed
or issue a STOP command followed by a START command.

This conversion mode is provided for applications that require non-standard or non-continuous data rates.
Issuing a START command or toggling the START pin high resets the digital filter, effectively dropping the data
rate by a factor of four. Note that this mode leaves the system more susceptible to aliasing effects, requiring
more complex analog anti-aliasing filters at the inputs. Loading on the host processor increases because it
must toggle the START pin or send a START command to initiate a new conversion cycle.

£C £C, LC (¢
D) D) ) )
START — teme ——— P | |
4/ fok *‘ "ﬁDatq Updotingj’l\ € 4/ fo
—_—— $s é 5
DRDY
— s ——

Figure 63. DRDY with No Data Retrieval in Single-Shot Mode
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8.4.2 SP1 COMMAND DEFINITIONS

The ADX320Q/ADX3202Q devices provide flexible configuration control. The opcode commands
summarized in Table 31 control and configure the ADX320Q/ADX3202Q operation. The opcode commands
are stand-alone, except for the register read and register write operations that require a second command
byte plus data. CS can be taken high or held low between opcode commands but must stay low for the
entire command operation (especially for multi-byte commands). System opcode commands and the
RDATA command are decoded by the ADX320Q/ADX3202Q on the seventh SCLK falling edge. The register
read and write opcodes are decoded on the eighth SCLK falling edge. Be sure to follow SPI timing
requirements when pulling CS high after issuing a command.

Table 31. Command Definitions
COMMAND | DESCRIPTION | FIRSTBYTE | SECOND BYTE
SYSTEM COMMANDS

WAKEUP Wake up from standby mode 0000 0010 OxOE (CRC byte when CONFIG3.DIN_CRC_EN is

(02h) enabled.)
STANDBY | Enter standby mode 0000 0100 0x1C (CRC byte when CONFIG3.DIN_CRC _EN is
(04h) enabled.)
; 0000 0110 0x12/0x13 (CRC byte when
RESET Reset the device (06h) CONFIG3.DIN_CRC_EN is enabled.)
Start or restart (synchronize) 0000 1000 0x38 (CRC byte when CONFIG3.DIN_CRC_EN is
START ;
conversions (08h) enabled.)
. 0000 1010 0x36 (CRC byte when CONFIG3.DIN_CRC_EN) is
STOP Stop conversion (0Ah) enabled.
LOCK Lock SPI inferface 0001 0101 Ox6b (CRC byte when CONFIG3.DIN_CRC _EN is
(15h) enabled.)
UNLOCK Unlock SPI interface 00010110 0x62 (CRC byte when CONFIG3.DIN_CRC _EN is
(16h) enabled.)
OFFSETCAL | Channel offset calibration 0001 1010 0x46 (CRC byte when CONFIG3.DIN_CRC_EN is
(1Ah) enabled.)
DATA READ COMMANDS
Enable Read Data Continuous
RDATAC mode. 0001 0000 0x70 (CRC byte when CONFIG3.DIN_CRC_EN is
This mode is the default mode at (10h) enabled.)

power-up.(M

SDATAC Stop Read Data Continuously mode 0001 0001 0x77 (CRC byte when CONFIG3.DIN_CRC_EN is

(11h) enabled.)

Read data by command, supports 0001 0010 0x7e (CRC byte when CONFIG3.DIN_CRC_EN is
RDATA :

multiple read back. (12h) enabled.)

REGISTER READ COMMANDS

Read n nnnn registers starting at 00Tr rrrr @
RREG address r rrir (2xh)@® 000n nnnn
RFIFO Read FIFO data command with 011 0000(40h) | 000N NNNN®

read number

Write n nnnn registers starting at 010r rrrr @
WREG address r rrir (4xh)®® 000n nnnn

Note 1: When in RDATAC mode, the RREG command is ignored.

Note 2: n nnnn = number of registers to be read or written - 1. For example, to read or write three registers,
set n nnnn = 0 (0010). r rrrr = starting register address for read and write opcodes.

Note 3: When CONFIG3.DIN_CRC_EN is enabled, the Command in the following sections includes both
COMMAND byte and CRC status byte.

Note 4: Registers with address >1Fh can only be accessed through burst mode. They cannot be read or
written directly.
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8.4.2.1 WAKEUP: EXIT STANDBY MODE

This opcode exits the low-power standby mode, see the STANDBY: ENTER STANDBY MODE section. Time is
required when exiting standby mode (see the ELECTRICAL CHARACTERISTICS for details). There are no
restrictions on the SCLK rate for this commmand and it can be issued any time. Any following command must
be sent after 4 tcik cycles.

8.4.2.2 STANDBY: ENTER STANDBY MODE

This opcode command enters the low-power standby mode. All parts of the circuit are shut down except for
the reference section.The standby mode power consumption is specified in the ELECTRICAL CHARACTERISTICS
table. There are no restrictions on the SCLK rate for this command and it can be issued any time. Do not send
any other command other than the wakeup command after the device enters the standby mode.

8.4.2.3 RESET: RESET REGISTERS TO DEFAULT VALUES

This command resets the digital filter cycle and returns all register settings to the default values. See the
POWER-DOWN AND RESET (PWDN/RESET) section for more details. There are no restrictions on the SCLK rate
for this command and it can be issued any time. It takes 9 fuop cycles to execute the RESET command. Avoid
sending any commands during this time.

8.4.2.4 START: START CONVERSIONS

This opcode starts data conversions. Tie the START pin low to control conversions by command. If conversions
are in progress, this command has no effect. The STOP opcode command is used to stop conversions. If the
START command is immediately followed by a STOP command, then have a gap of 4 tcik cycles between
them. When the START opcode is sent to the device, keep the START pin low until the STOP command is issued.
(See the START section for more details.) There are no restrictions on the SCLK rate for this command and it
can be issued any time.

8.4.2.5 STOP: STOP CONVERSIONS

This opcode stops conversions. Tie the START pin low to control conversions by command. When the STOP
command is sent, the conversion in progress completes and further conversions are stopped. If conversions
are already stopped, this command has no effect. There are no restrictions on the SCLK rate for this
command and it can be issued any time.

8.4.2.6 OFFSETCAL: CHANNEL OFFSET CALIBRATION

This command is used to cancel the channel offset. The CALIB_ON bit in the PWR register must be set to '1"
before issuing this command. OFFSETCAL must be executed every time there is a change in the PGA gain
settings.

8.4.2.7 LOCK: LOCK SPI INTERFACE

This command is used to lock the SPI interface, preventing the device from accidentally latching unwanted
commands that can change the state of the device. When the interface is locked, the device only responds
to the RREG, RDATA, and UNLOCK commands and continues to output conversion data even when locked.
The LOCK status will be cleared when there is an internal reset event or SPI reset, for example, reset by pulling
the CS pin low to high. For the WREG command operation under the LOCK status, if the WREG number and
data contain the RREG, RDATA, and UNLOCK decoding, it may disturb the LOCK command function, and the
device status and command status registers can be read to check the exception status.

8.4.2.8 UNLOCK: UNLOCHK SPI INTERFACE
This command is used to unlock the SPI interface if previously locked by the LOCK command.

© 2022 AnalogySemi Ltd. All Rights Reserved. Public www.analogysemi.com | Page 55 of 91



ADX3200/ADX32020

Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling
Analog-to-Digital Converter with PGA Built-In

8.4.2.2 RDATAC: READ DATA CONTINUOUS

This opcode enables the output of conversion data on each DRDY without the need to issue subsequent
read data opcodes. This mode places the conversion data in the output register and may be shifted out
directly. The read data continuous mode is the device default mode, the device defaults to this mode on
power-up.

RDATAC mode is cancelled by the Stop Read Data Continuous command. If the device is in RDATAC mode,
a SDATAC command must be issued before any other commands (except LOCK and UNLOCK commands)
can be sent to the device. There is no restriction on the SCLK rate for this coommand. However, the subsequent
data retrieval SCLKs or the SDATAC opcode command should wait at least 4 tcik cycles. RDATAC timing is
shown in Figure 54. As Figure 54 shows, there is a keep-out zone of 4 tcix cycles around the DRDY pulse where
this command cannot be issued in. To retrieve data from the device after the RDATAC command is issued,
make sure either the START pin is high or the START command is issued. Figure 54 shows the recommended
way to use the RDATAC command. RDATAC is ideally-suited for applications such as data loggers or recorders
where registers are set once and do not need to be re-configured. DRDY is fixed 4-6 us low level when ADC
data is ready for being read.

«
D

T
START :
T (J(J
DRDY H
o _’l }4_ turoar’”
o | |

LC
)
SCLK H
DIN A RDATAC Opcode ’
S5
Hi-Z | Sntatatatetee hl ala) s fm———————— A
DOUT 4‘ i { STATUS Word + Channel Data (up to 72 birs))\ ‘ Next Data
/\ 14
)

(1) tumar = 4 X tci. Do not read data during this time.

Figure 54. RDATAC Usage
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8.4.2.10 SDATAC: STOP READ DATA CONTINUOUS

This opcode cancels the Read Data Continuous mode. There is no restriction on the SCLK rate for this
command, but the following command must wait for 4 tcix cycles.

8.4.2.11 RDATA: READ DATA

Issue this command after DRDY goes low to read the conversion result (in Stop Read Data Continuous
mode). There is no restriction on the SCLK rate for this command, and no wait time is needed for the
subsequent commands or data retrieval SCLKs. To retrieve data from the device after RDATA command is
issued, make sure either the START pin is high or the START command is issued. When reading data with the
RDATA command, the read operation can overlap the occurrence of the next DRDY without data corruption.
Figure 55 shows the recommended way to use the RDATA command. RDATA is best suited for the systems
where register setting must be read or changed often between conversion cycles. DRDY is fixed 4-6us low
level when ADC data is ready for being read.

START
T ()(J
DRDY 1
& | ‘
LC
p)) |
SCLK |_
DIN A RDATA Opcode * « A RDATA Opcode *
D)

Hi-Z [kt Y s r
DOuUT i KSTAIUS Word + Chcn?(el Data (up to 72 bits))\
)

«
D

Figure 55. RDATA Usage

8.4.2.12 SENDING MULTI-BYTE COMMANDS

The ADX320Q/ADX3202Q serial interfaces decode commands in bytes and require 4 tcik cycles to decode
and execute. Therefore, when sending multi-byte commands, a 4 tcix period must separate the end of one
byte (or opcode) and the next.

Assume CLK is 512kHz, then tspecope (4 tcw) is 7.8125us. When SCLK is 16MHz, one byte can be transferred in
500ns. This byte-transfer time does not meet the tspecone specification, therefore, a delay must be inserted so
the end of the second byte arrives 7.3125us later. If SCLK is TMHz, one byte is transferred in 8us. Because this
transfer time exceeds the tspecope specification, the processor can send subsequent bytes without delay. In
this later scenario, the serial port can be programmed to move from single-byte transfer per cycle to multiple
bytes.
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8.4.2.13 RREG: READ FROM REGISTER

This opcode reads register data. The Register Read command is a two-byte opcode followed by the output
of the register data. The first byte contains the command opcode and the register address. The second byte
of the opcode specifies the number of registers to read - 1.

1. First opcode byte: 001r rrrr, where r rrrr is the starting register address.
2. Second opcode byte: 000n nnnn, where n nnnn is the number of registers to read - 1.

The 17th SCLK rising edge of the operation clocks out the MSB of the first register, as shown in Figure 56. When
the device is in read data continuous mode, it is necessary to issue a SDATAC command before the RREG
command can be issued. The RREG command can be issued at any time. However, because this command
is a multi-byte command, there are restrictions on the SCLK rate depending on the way the SCLKs are issued.
See the SERIAL CLOCK (SCLK) section for more details. Note that CS must be low for the entire command.

CS

£C
D]

1 9 17 25

DIN :>< OPCODE 1 >< OPCODE 2 >\ «

______ o
LR 0% - -

— REG DATA X REG DATA + 1 ><
DOUT e oo = + - -

Figure 56. RREG Command Example: Read Two Registers Starting from Register 00h (ID
Register) (OPCODE 1 = 0010 0000, OPCODE 2 = 0000 0001)

8.4.2.14 RFIFO: READ FIFO DATA

This opcode reads internal FIFO data. The FIFO Read command is a two-byte opcode followed by the output
of the FIFO data. The first byte contains the command opcode. The second byte of the opcode specifies the
number of FIFO items to read -1.

1. First opcode byte: 0110 0000.
2. Second opcode byte: 000n nnnn, where n nnnn is the number of FIFO items to read - 1.

The 17th SCLK rising edge of the operation clocks out the MSB of the first FIFO item data, as shown in Figure
57. When the device is in read data continuous mode, it is necessary to issue a SDATAC command before
the RFIFO command can be issued. The RFIFO command can be issued when FIFO threshold is hit and the
FIFO will set DRDY and interrupt to external MCU if the FIFO interrupt is enabled. However, because this
command is a multi-byte command, there are restrictions on the SCLK rate depending on the way the SCLKs
are issued. See the SERIAL CLOCK (SCLK) section for more details. Note that CS must be low for the entire
command.

Cs
(
DI

1 9 17 25

G—

DIN :>< OPCODE 1 >< OPCODE 2 >\ «

Figure 57. RFIFO Command Example: Read Two Registers Starting from FIFO
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8.4.2.15 WREG: WARITE TO REGISTER

This opcode writes register data. The Register Write command is a two-byte opcode followed by the input of
the register data. The first byte contains the command opcode and the register address.

The second byte of the opcode specifies the number of registers to write — 1.

1. First opcode byte: 010r rrrr, where r rrrr is the starting register address.
2. Second opcode byte: 000n nnnn, where n nnnn is the number of registers to write - 1.

After the opcode bytes, the register data follows (in MSB-first format), as shown in Figure 58. The WREG
command can be issued at any time. However, because this command is a multi-byte command, there are
restrictions on the SCLK rate depending on the way the SCLKs are issued. See the SERIAL CLOCK (SCLK)
section for more details. Note that CS must be low for the entire command.

pour —

Figure 58. WREG Command Example: Write Two Registers Starting from 00h (ID Register)
(OPCODE 1 = 0100 0000, OPCODE 2 = 0000 000T)

8.4.3 SP1 CRC FEATURE

For all SPI commands, the 8-bit CRC status word follows the end of the whole command when
CONFIG3.DIN_CRC_EN is enabled. The device will also check the CRC status word. Execution will not be
performed for the WAKEUP, STANDBY, RESET, START, STOP, OFFSETCAL, LOCK, UNLOCK, RDATAC, SDATAC, RDATA,
and RREG commands if the CRC status word is mismatched, and the MOD_STAT.CMD_CRC_ERR will be set. In
other words, a CRC error occurs if the CRC words do not match. When the input CRC check fails, the device
will not execute any commands, except for the WREG and RFIFO commands.

1. A WREG command always executes even when the CRC check fails. It will set MOD_STAT.DAT_CRC_ERR.

2. An RFIFO command executes one FIFO entry reading even when the CRC check fails. Only the first FIFO
entry will be read, and the reading will repeat if RFIFO length is set in the command to inform user that
CRC check of RFIFO fails. It will set MOD_STAT.DAT_CRC_ERR.

For burst register reading operation with RREG, the device will output a CRC status word at last when
CONFIG3.DOUT_CRC_EN is enabled. The CRC status word will not be included in the count number in RREG.

For burst register writing operation with WREG, the host must provide a CRC status word at last when
CONFIG3.DIN_CRC_EN is enabled. The CRC status word will not be included in the count number in WREG. To
enable and disable CRC with CONFIG3.DIN_CRC_EN, the CRC check follows rules below:

1. If CRC is disabled, to enable the SPI CRC check, write CONFIG3.DIN_CRC_EN to one, and this whole write
command does NOT have the CRC check.

2. If CRC is enabled, to disable the SPI CRC check, write CONFIG3.DIN_CRC_EN to zero, and this whole write
command has the CRC check.

In CRC8 mode, it uses the CRC-8-CCITT formula as below:
PO)=x2+x2+x+ 1
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?2. REGISTER MAPS

Table 32 describes the various ADX320Q/ADX3202Q registers.
Table 32. Register Assignments

RESET
ADDRESS | REGISTER | VALUE | BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
(HEX)
DEVICE SETTINGS (READ-ONLY REGISTERS)
ooh | 1D | xx |REV.ID2 |REV.IDI [REV.IDO| 1 0 0 1 | REV.D
GLOBAL SETTINGS ACROSS CHANNELS (READ AND WRITE REGISTERS)
SINGLE_
0lh CONFIG1 02 SHOT 0 0 0 0 DR2 DRI DRO
PDB_BO_ | PDB_REFB TEST_FRE
02h CONFIG2 | 80 1 cOMP UF VREF_4V | CLK_EN 0 INT_TEST 3
COMP_T | COMP_T | COMP_T IBURN- | IBURN-
03n BO 10 H2 H1 HO ‘ outl | outo 0 0
CHANNEL-SPECIFIC SETTINGS (READ AND WRITE REGISTERS)
04h CHI1SET 00 PD1 | GAINT_2 | GAIN1_1 | GAIN1_0 | MUX1_3 | Mux1_2 | MUX1_1 | MUx1_0
05h CH2SET 00 PD2 | GAIN2_2 | GAIN2_1 | GAIN2.0 | MUX2_3 | MUX2_2 | MUX2_1 | Mux2_0
06h BIAS SENS | 00 CHOP1 | CHOPO |PDB_BIAS B'QENBSO— BIAS2N | BIAS2P | BIASIN | BIASIP
EMUX_B | EMUX B | EMUX_B | EMUX_B
07h BO_SENS 00 0 CP_FREQ | FLIP2 FLIP1 o3 oo o o0
08h BO_STAT 00 0 CLK_DIV1 | CLK_DIVO | BIAS_STAT 'N2':—OF IN2P_OFF 'N"‘;—OF IN1P_OFF
GPIO AND OTHER REGISTERS (READ AND WRITE REGISTERS)
0%h RSV 00 0 0 0 0 0 0 1 0
0Ah CAL o2 |CALOFE1 g 0 0 0 0 0 ]
ON
0Bh GPIO 0C 0 0 0 0 GPIOC2 | GPIOC1 | GPIOD2 | GPIOD!1
ENHANCE PERFORMANCE SETTING REGISTERS (READ AND WRITE REGISTERS)
P5VREF_ DIN_CRC | DOUT_CR| SPI_TIME | SPI_TIME
0Ch | CONFIG3 | 00 0 ON 0 0 EN CEN | oull | ouro
BIASINP2 | RAMPOU
0Dh conFica | oo | DPRINTE|ADC_DAT| ADC_DAT 0 CLK_MISS 0 RAMPP_ | T2RAMPN
N _THD1 _THDO _INT_EN
ON _ON
OSC_2M | INT2GPIO | INT2GPIO | INT2GPIO | INV_CM | FRAME_C
OEh CONIFG5 | 71 N 5 : 0 D INTEN| WK EN | /O-3MA | IO SRM
OFh BO_ISTEP 00 BO—,'\INT—E CU'E—LLEV ISTEP5 | ISTEP4 | ISTEP.3 | ISTEP2 | ISTEPI ISTEPO
EMUX_B | EMUX_B | EMUX_B | EMUX_B
10h BO_BIAS 00 03 o2 o 00 0 0 0 0
DEBOUN | DEBOUN
12h BO_CFG 00 0 0 0 CET cE0 | OFCEN 0 0
13h PWR 40 0 WMODE 0 0 0 0 0 0
SHORT_P DOUT_D
14h CLK_CFG 10 0 0 ROTECT | FSELT FSELO | “Samia 0 0
FIFO_INT_ FRAME_C | FRAME_C | FRAME_C
16h |FIFO_CFG1| 00 o~ 0 0 FIFO_RST | L5y Gl fco | FIFO_EN
17h  |FFo cre2| oo | STATUS.S | STATUSS | STATUS S | heprys | DEPTH3 | DEPTH2 | DEPTH1 | DEPTHO
EL2 ELT ELO
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RESET
ADDRESS | REGISTER | VALUE | BIT7 BIT6 BIT5 BIT 4 BIT3 BIT 2 BIT 1 BITO
(HEX)
DEVICE STATUS AND PROPERTY (READ-ONLY REGISTERS)
18h | FIFO STAT | 40 |FIFO_RDY F'FOﬁEMP F'FOL—FUL FIFO_ERR | DLVL3 | DLVL2 | DLVLl | DLVLO
DEVICE STATUS AND PROPERTY (READ AND WRITE REGISTERS)
MOD_STAT INVALID_| sjiorT 6 FRAME_ | DAT_CRC | CMD_CR SHORT P
19h T 00 CME_ER ND | CLKMIss| Tl 1T R | e grm | OORNG | P
1Ah | MODSTAT| = [|BIAS BO_|BIAS BO_| 0 PGA2N_ |PGA2P_O| PGAIN_ |PGAIP_O
2 P N OOR OR OOR OR
h |OPSTALC| o0 |&ry ugrr | EFU-CER |RDATAC_ | RD_FIFO_| CAL_DO | RDATA D |REG_WR_| REG_RD_
MD - R DONE | DONE NE ONE DONE | DONE
DEVICE STATUS AND PROPERTY (READ-ONLY REGISTERS)
OP_STAT S SPI_UNLO SDC_MO | RDC_MO STARNDB
1Ch Ve | 92 o |sPLLoCK | PT O STOP | START | WAKEUP y
1Dh Fl XX 0 0 FSID5 | FSIDA | FSID3 | FSID2 | FSID1 | FS_IDO
1Eh ID_PR 70 | PARID3 | PAR ID2 | PAR ID1 | PAR IDO 0 0 0 0
EXTENDED FEATURE CONFIGURATION
22h® [OFC CH10] 00 | OFC B7 | OFC B6 | OFC B5 | OFC B4 | OFC B3 | OFC B2 | OFC B1 | OFC BO
23hM |[OFC CH11| 00 | OFC_B15| OFC_B14 | OFC_B13 | OFC_B12 | OFC_B11 | OFC_B10 | OFC_B9 | OFC_B8
24h® |OFC CH12| 00 | OFC B23 | OFC B22 | OFC B21 | OFC B20 | OFC B19 | OFC B18 | OFC B17 | OFC B16
25h( | OFC CH20| 00 | OFC B7 | OFC B6 | OFC B5 | OFC B4 | OFC B3 | OFC B2 | OFC B1 | OFC BO
26h® |OFC CH21| 00 | OFC B15| OFC B14 | OFC B13 | OFC_B12 | OFC B11 | OFC_B10 | OFC B9 | OFC B8
27hM |OFC CH22| 00 | OFC_B23 | OFC_B22 | OFC_B21 | OFC_B20 | OFC_B19 | OFC_B18 | OFC_B17 | OFC_B16
28h() RSV 04 0 0 0 0 0 1 0 0

Note: Registers with address > TFh can only be accessed through burst mode. They cannot be read or written
directly.
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2.1 REGISTER DESCRIPTIONS
9.1.1 ID: ID CONTROL REGISTER (READ-ONLY) (ADDRESS = OOH)

Return to the SUMMARY TABLE. This register is programmed during device manufacturing to indicate device
characteristics.

Table 33. ID Field Descriptions

BIT

FIELD

DESCRIPTION

7:5

REV_ID(2:0)

Identification

000 = Reserved

001 = Reserved

010 = Reserved

011 = Reserved

100 = Reserved

101 = Reserved

110 = Reserved

111 = ADX320Q/ADX3202Q

Reads High

3:2

Reads Low

Reads High

REV_ID

Feature set identification
1 = 2-channel product
0 = 1-channel product

2.1.2 CONFIG1: CONFIGURATION REGISTER 1 (ADDRESS = 01H)
Return to the SUMMARY TABLE. This register configures each ADC channel sample rate.
Table 34. CONFIG1 Field Descriptions

BIT FIELD DESCRIPTION
Single-shot conversion
This bit sets the conversion mode.
7 SINGLE_SHOT 0 = Continuous conversion mode (default)
1 = Single-shot mode
6:3 0 Reserved. Must be set to ‘0’.
These bits determine the oversampling ratio of both channel 1 and channel 2.
BIT OVERSATPLING fuo = 256kHz fviop = 128KkHz
000 fmop / 1024 250SPS 125SPS
001 fmop / 512 500SPS 250SPS
2:0 DR(2:0) 010 fmop / 256 1kSPS (default) 500SPS (default)
011 fmop / 128 2kSPS 1kSPS
100 fmop / 64 4kSPS 2kSPS
101 fmop / 32 8kSPS 4kSPS
110 fmop / 16 16kSPS 8kSPS
111 Do not use Do not use Do not use

Note: fcik = 512kHz and CLK_DIV = 0 or fcix = 2.048MHz and CLK_DIV = 1.
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92.1.3 CONFIG2: CONFIGURATION REGISTER 2 (ADDRESS = 02H)
Return to the SUMMARY TABLE. This register configures the test signal, clock, reference, and BO bulffer.
Table 35. CONFIG2 Field Descriptions

BIT FIELD

DESCRIPTION

7 1

Reserved. Must be setto ‘1°.

6 PDB_BO_COMP

Burn-out comparator power-down

This bit powers down the burn-out comparators.
0 = Burn-out comparators disable (default)

1 = Burn-out comparators enable

5 PDB_REFBUF

Reference buffer power-down

This bit powers down the internal reference buffer so that the external reference can
be used.

0 = Reference buffer is powered down (default).

1 = Reference buffer is enabled.

4 VREF_4V

Enables 4V reference

This bit chooses either the 2.4V or 4V reference.
0 = 2.4V reference (default)

1 = 4V reference

3 CLK_EN

CLK connection

This bit determines whether the internal oscillator signal is connected to the CLK pin
when an internal oscillator is used.

0 = Oscillator clock output disable (default)

1 = Oscillator clock output enable

Reserved. Must be set to ‘0.

1 INT_TEST

Test signal selection

This bit determines whether the test signal is turned on.
0 = Off (default)

1 = On, amplitude = *(VREFP — VREFN) / 2400

0 TEST_FREQ

Test signal frequency

This bit determines the test signal frequency.
0 = At DC (default)

1 = Square wave at THz
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92.1.4 BO: BURN-OUT CONTROL REGISTER (ADDRESS = O03H)
Return to the SUMMARY TABLE. This register configures the SENSOR BURN-OUT operation.

Table 36. BO Field Descriptions
BIT FIELD DESCRIPTION
Burn-out comparator threshold
These bits determine the burn-out comparator threshold. See the SENSOR BURN-OUT
section for a detailed description.
Comparator positive side
000 = 95% (default)
001 =92.5%
010 =90%
011 =87.5%
100 = 85%
101 = 80%
7:5 COMP_TH(2:0) [110=75%
111 =70%
Comparator negative side
000 = 5% (default)
001 =7.5%
010=10%
011 =12.5%
100 = 15%
101 = 20%
110 = 25%
111 =30%
4 1 Reserved. Must be set to ‘1°.
Burn-out current magnitude
These bits determine the magnitude of current for the current BURN-OUT mode when
CUR_LEVEL is zero; otherwise the current magnitude is decided by the ISTEP field.
3:2 IBURN-OUT(1:0) |00 = 6nA (default)
01 =22nA
10 = Reserved
11 = Reserved

1.0 0 Reserved. Must be set to ‘0.
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9.1.5 CH1SET: CHANNEL 1 SETTINGS (RDDRESS = 04H)

Return to the SUMMARY TABLE. This register configures the power mode, PGA gain, and multiplexer settings
channels. See the INPUT MULTIPLEXER section for details.

Table 37. CHISET Field Descriptions

BIT FIELD DESCRIPTION
Channel 1 power-down

7 PD1 0 = Normal operation (default)

1 = Channel 1 power-down(

Channel 1 PGA gain setting

These bits determine the PGA gain setting for channel 1.
000 = 6 (default)

001 =1

64 GAINT(2:0) [010=2

011=3

100=4

101 =8

110=12

Channel 1 input selection

These bits determine the channel 1 input selection.

0000 = Normal sensor input (default)

0001 = Input shorted (for offset measurements)

0010 = BIAS_MEASURE

0011 = MVDD® for supply measurement

0100 = Temperature sensor

0101 = Test signal

0110 = BIAS_DRP (positive input is connected to BIASINP.)
0111 = BIAS_DRM (negative input is connected to BIASINP.)
1000 = BIAS_DRPM (both positive and negative inputs are connected to BIASIN.)
1001 = Route IN3P and IN3N to channel 1 inputs

1010 = Reserved

1011 = BIAS_OUT

3:0 MUX1(3:0)

Note 1: When powering down channel 1, make sure the input multiplexer is set to input short configuration.
Bits(3:0) = 001.

Note 2: For channel 1, (MVDDP - MVDDN) is (0.5(AVDD + AVSS)).
For channel 2, (MVDDP - MVDDN) is DVDD / 4. Note that to avoid saturating the PGA while
measuring power supplies, the gain must be set to '1".
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9.1.6 CH2SET: CHANNEL 2 SETTINGS (RDDRESS = O05H)

Return to the SUMMARY TABLE. This register configures the power mode, PGA gain, and multiplexer settings
channels. See the INPUT MULTIPLEXER section for details.

Table 38. CH2SET Field Descriptions

BIT FIELD

DESCRIPTION

7 PD2

Channel 2 power-down
0 = Normal operation (default)
1 = Channel 2 power-down("

6:4 GAIN2(2:0)

Channel 2 PGA gain setting

These bits determine the PGA gain setting for channel 2.
000 = 6 (default)

011=3

100=4

101 =8

110=12

Ofthers: Reserved

3.0 MUX2(3:0)

Channel 2 Input Selection

These Bits Determine The Channel 2 Input Selection.

0000 = Normal Sensor Input (Default)

0001 = Input Shorted (For Offset Measurements)

0010 = BIAS_MEASURE

0011 = VDD / 2 For Supply Measurement

0100 = Temperature Sensor

0101 = Test Signal

0110 = BIAS_DRP (Positive Input Is Connected To BIASINP.)
0111 = BIAS_DRM (Negative Input Is Connected To BIASINP.)
1000 = BIAS_DRPM (Both Positive And Negative Inputs Are Connected To BIASINP.)
1001 = Route IN3P And IN3N To Channel 2 Inputs

1010 = Reserved

1011 = BIAS_OUT

Ofthers: Reserved

Note: When powering down channel 2 and for the ADX320Q, make sure the input multiplexer is set to input
short configuration. Bits(3:0) = 001.
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9.1.7 BIAS_SENS: BIAS AMPLIFIER SENSE SELECTION (ADDRESS = O6H)

Return to the SUMMARY TABLE. This register controls the selection of the positive and negative signals from
each channel for bias amplifier derivation. See the BIAS AMPLIFIER section for details.
Table 39. BIAS_SENS Field Descriptions

BIT FIELD DESCRIPTION

7:6 CHOP(1:0) Chop frequency (NOT USED)

BIAS buffer power
This bit determines the BIAS buffer power state.

5 PDB_BIAS 0 = BIAS buffer is powered down (default).
1 = BIAS buffer is enabled.
BIAS burn-out sense function
4 BIAS_BO_SENS This bit enables the BIAS burn-out sense function.

0 = BIAS burn-out sense is disabled (default).
1 = BIAS burn-out sense is enabled.

Channel 2 BIAS negative inputs

This bit controls the selection of negative inputs from channel 2 for bias amplifier
3 BIAS2N derivation.

0 = Not connected (default)

1 = BIAS connected to IN2N

Channel 2 BIAS positive inputs

This bit controls the selection of positive inputs from channel 2 for bias amplifier
2 BIAS2P derivation.

0 = Not connected (default)

1 = BIAS connected to IN2P

Channel 1 BIAS negative inputs

This bit controls the selection of negative inputs from channel 1 for bias amplifier
1 BIASTN derivation.

0 = Not connected (default)

1 = BIAS connected to INTN

Channel 1 BIAS positive inputs

This bit controls the selection of positive inputs from channel 1 for bias amplifier
0 BIASTP derivation.

0 = Not connected (default)

1 = BIAS connected to INTP
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9.1.8 BO_SENS: BURN-OUT SENSE SELECTION (ADDRESS = 07H)

Return to the SUMMARY TABLE. This register selects the positive and negative side from each channel for
sensor burn-out. See the SENSOR BURN-OUT section for details. Note that the BO_STAT register bits should be
ignored if the corresponding BO_SENS bits are set to '1".
Table 40. BO_SENS Field Descriptions

BIT FIELD DESCRIPTION

7 0 Reserved. Must be set to ‘0'.

Charge pump frequency selection
This bit sets the charge pump frequency with different WMODE setting. See the POWER
MODE section.

6 CP_FREQ BIT HISPEED | HI-RESOLUTION
0 512kHz 256kHz
1 256kHz 128KHz

Channel 2 comparator polarity selection

This bit controls the direction of the comparator used for burn-out derivation of
channel 2.

5 FLIP2 0 = IN2P connects to the positive side of comparator, and IN2N connects to the
negative side of comparator (default).

1 = IN2N connects to the positive side of comparator, and IN2P connects to the
negative side of comparator.

Channel 1 comparator polarity selection

This bit controls the direction of the comparator used for burn-out derivation of
channel 1.

4 FLIP1 0 = IN1P connects to the positive side of comparator, and INTN connects to the
negative side of comparator (default).

1 = INTN connects to the positive side of comparator, and INTP connects to the
negative side of comparator.

Channel 1 burn-out configuration setting

BIT DESCRIPTION

0: The positive side of the input channel is disconnected to AVDD
0 (default).

1: The positive side of the input channel is connected to AVDD.

0: The negative side of the input channel is disconnected to AVSS
1 (default).

1: The negative side of the input channel is connected to AVSS.

0: The negative side of the input channel is disconnected to AVDD
2 (default).

1: The negative side of the input channel is connected to AVDD.
0: The positive side of the input channel is disconnected to AVSS

3 (default).

1: The positive side of the input channel is connected to AVSS.

3:0 EMUX_BO(3:0)
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9.1.9 BO_STAT: BURN-OUT STATUS (ADDRESS = 08H)

Return to the SUMMARY TABLE. This register stores the status of whether the positive or negative sensor on each
channel is on or off. See the SENSOR BURN-OUT section for details. Ignore the BO_STAT values if the
corresponding BO_SENS bits are not set to '1".

'0' is connected (default) and '1" is burn-out. When the BO_SENS bits(3:0) are '0', the BO_STAT bits should be
ignored.

Table 41. BO_STAT Field Descriptions

BIT FIELD DESCRIPTION

7 0 Reserved. Must be set to ‘0’.

Clock divider selection
This bit sets the modular divider ratio between fcix and fvop.
00 = fmop =feik / 4
01 =fvop =fck / 8
10 = fmop = fewk / 16
11 = Reserved
BIAS burn-out status
This bit determines the status of BIAS.
0 = BIAS is connected (default).
1 = BIAS is not connected.
Channel 2 negative sensor status
This bit determines if the channel 2 negative sensor is connected.
0 = Connected (default)
1 = Not connected
Channel 2 positive sensor status
This bit determines if the channel 2 positive sensor is connected.
0 = Connected (default)
1 = Not connected
Channel 1 negative sensor status
This bit determines if the channel 1 negative sensor is connected.
0 = Connected (default)
1 = Not connected
Channel 1 positive sensor status
This bit determines if the channel 1 positive sensor is connected.
0 = Connected (default)
1 = Not connected

65 CLK_DIV(1:0)

4 BIAS_STAT

3 IN2N_OFF

2 IN2P_OFF

1 INTN_OFF

0 INTP_OFF

9.1.10 RSV: RESERVED REGISTER (ADDRESS = 09H)
Return to the SUMMARY TABLE.
Table 42. RSV Field Descriptions

BIT FIELD DESCRIPTION
7:2 0 Reserved. Must be set to ‘0'.

1 1 Reserved. Must be set to ‘1°.

0 0 Reserved. Must be set to ‘0'.
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92.1.11 CAL: CALIBRATION REGISTER (ADDRESS = OAH)
Return to the SUMMARY TABLE. This register controls the calibration functionality.

Table 43. CAL Field Descriptions
BIT FIELD DESCRIPTION

Calibration on
This bit is used to enable offset calibration.

7 CALOFF_ON 0 = Off (default)
1=0n
6:1 0 Reserved. Must be set to ‘0’.
0 1 Reserved. Must be set to ‘1°.

2.1.12 GPIO: GENERAL-PURPOSE I/O REGISTER (ADDRESS = OBH)
Return to the SUMMARY TABLE. This register controls the GPIO pins.

Table 44. GPIO Field Descriptions

BIT FIELD DESCRIPTION

7:4 0 Reserved. Must be set to ‘0’.
GPIO 1 and 2 control
These bits determine if the corresponding GPIOD pin is an input or output.
0 = Output
1 = Input (default)
GPIO 1 and 2 data
These bits are used to read and write data to the GPIO ports.

. . When reading the register, the data returned correspond to the state of the GPIO
1.0 GPIOD(2:1) - .
external pins, no matter that they are programmed as inputs or as outputs. As

outputs, a write to the GPIOD sets the output value. As inputs, a write o the GPIOD
has no effect.

3:2 GPIOC(2:1)

92.1.13 CONFIG3: FUNCTION CONFIGURATION REGISTER 3 (ADDRESS = OCH)
Return to the SUMMARY TABLE. This register controls the feature configuration.
Table 45. CONFIG3 Field Descriptions

BIT FIELD DESCRIPTION

7 0 Reserved. Must be set to ‘0’.
VREF/ 2 switch

6 P5VREF_ON 0 = 1/2 Vrer switch is turned off (default).
1 = 1/2 Vrer switch is turned on.

5 0 Reserved. Must be set to ‘0’.

4 0 Reserved. Must be set to ‘0’.
Communication input data CRC check enable

3 DIN_CRC_EN 0 = Input data CRC disable (default)

1 = Input data CRC enable

Communication output data CRC check enable

2 DOUT_CRC_EN 0 = Output data CRC disable (default)

1 = Output data CRC enable

SPI interface reset function control to detect idle clock number
00 = Disable (default)

01 = SPI interface will be reset after 255 divider clock cycles with
BO_STAT(6).CLK_DIV configuration.

10 = SPI interface will be reset after 1023 divider clock cycles with
BO_STAT(6).CLK_DIV configuration.

11 = SPI interface will be reset after 4095 divider clock cycles with
BO_STAT(6).CLK_DIV configuration.

1:0 SPI_TIMEOUT(1:0)
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92.1.14 CONFIG4: FUNCTION CONFIGURATION REGISTER 4 (ADDRESS = ODH)
Return to the SUMMARY TABLE. This register controls the feature configuration.
Table 46. CONFIG4 Field Descriptions

BIT FIELD DESCRIPTION
ADC data out of range interrupt enable
7 DR_INT_EN 0 = ADC data out of range interrupt disable (default)

1 = ADC data out of range interrupt enable
ADC data threshold to set out of range flag

6:5 ADC_DAT_THD(1:0) 00 = ADC data range exceeds 24-bit data range (default).

Others = Reserved

4 0 Reserved. Must be set to ‘0’.
External clock miss interrupt enable

3 CLK_MISS_INT_EN 0 = Clock Miss Interrupt disable
1 = Clock Miss Interrupt enable

2 0 Reserved. Must be set to ‘0’.
BIASINP input to BIAS AMP input positive switch

1 BIASINP2RAMPP_ON | 0 = Switch is disconnected (default).

1 = Switch is connected.

BIAS AMP output to BIAS AMP input negative switch
0 RAMPOUT2RAMPN_ON | 0 = Switch is disconnected (default).
1 = Switch is connected.
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92.1.15 CONFIG5: FUNCTION CONFIGURATION REGISTER 5 (ADDRESS = O€EH)
Return to the SUMMARY TABLE. This register controls the feature configuration.
Table 47. CONFIG5 Field Descriptions

BIT FIELD

DESCRIPTION

7 OSC_2M_EN

2M OSC enable control

External clock is selected when the CLKSEL pin is 0. It is used to monitor external CLK
missing or invalid issue.

0 = Disable OSC (default).

1 = Enable OSC to check External Clock idle status.

6:4 INTGPIO(2:0)

Interrupt output to GPIO, including BO interrupt INT1, ADC data out of range
interrupt INT2, FIFO interrupt INT3, CLK missing interrupt INT4, and invalid SPI
command interrupt INTS5.

000 = INTT, INT2, INT3, INT4, INT5 output to external with GPIO]1.

001 = INTT, INT2, INT3, INT4, INT5 output to external with GPIO2.

010 = INTT, INT2, INT3, INT5 output to external with GPIO1, INT4 output to external with
GPIO2.

011 = INTT, INT2, INT4, INT5 output to external with GPIOT, INT3 output to external with
GPIO2.

100 = INTT, INT3, INT4, INT5 output to external with GPIOT1, INT2 output to external with
GPIO2.

101 = INT2, INT3, INT4, INT5 output to external with GPIOT, INT1 output to external with
GPIO2.

110 = INT1, INT2, INT3, INT4 output to external with GPIOT, INTS output to external with
GPIO2.

111 = NO interrupt output to GPIO pin. (default)

Others = Reserved

3 INV_CMD_INT_EN

Invalid SPI command interrupt enable

It generates an interrupt for the invalid command if the command is detected.
0 = Invalid SPI command Interrupt disable

1 = Invalid SPI command Interrupt enable

2 FRAME_CHK_EN

FRAME Overwrite Check enabile (it does not check FIFO overwrite)
0 = Disable FRAME miss check for SPI slow read (default)
1 = Enable FRAME miss check for SPI slow read

1 I0_3MA

10 strong (3mA) mode enable
0 = Strong mode disable (default)
1 = Strong mode enable

0 IO_SRM

10 slew read mode enable
1 =10 slew read mode enable (default)
0 = 10 slew read mode disable
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92.1.16 BO_ISTEP: BURN-OUT CURRENT STEP CONFIGURATION REGISTER (ADDRESS
= OFH)
Return to the SUMMARY TABLE. This register controls the IDAC current step.

Table 48. BO_ISTEP Field Descriptions
BIT FIELD DESCRIPTION
Burn-out interrupt enable
7 BO_INT_EN 0 = Burn-out interrupt disable (default)
1 = Burn-out interrupt enable, and the interrupt is output to the GPIO1 or GPIO2 pin.
Burn-out current level selection
it this bit is zero, the IDAC current setting comes from the IBURN-OUT(1:0) value.
0 = Disable ISTEP value configuration (default)
1 = Enable ISTEP value configuration
Burn-out current magnitude
These bits determine the magnitude of current for the current burn-out mode when
CUR_LEVEL is one; otherwise the current magnitude is decided by the IBURN-
OUT(1:0) fields.
000000 = OnA and step = 2.7nA (default)
000001 = 2.7nA

111111 = 173.25nA

6 CUR_LEVEL

5:0 ISTEP(5:0)

92.1.17 BO_BIAS: BURN-OUT STEP CONFIGURATION REGISTER (ADDRESS = 10H)
Return to the SUMMARY TABLE. This register controls the BIAS threshold step.
Table 49. BO_BIAS Field Descriptions

BIT FIELD DESCRIPTION
Channel 2 burn-out configuration setting
BIT DESCRIPTION
0: The positive side of the input channel is disconnected to AVDD
0 (default).

1: The positive side of the input channel is connected to AVDD.
0: The negative side of the input channel is disconnected to AVSS

7:4 EMUX_BO(3:0) ! (default).
- 1: The negative side of the input channel is connected to AVSS.

0: The negative side of the input channel is disconnected to AVDD
2 (default).
1: The negative side of the input channel is connected to AVDD.

0: The positive side of the input channel is disconnected to AVSS

3 (default).
1: The positive side of the input channel is connected to AVSS.
3.0 0 Reserved. Must be set to ‘0’.
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92.1.18 BO_CFG: BURN-OUT CONFIGURATION REGISTER (ADDRESS = 12H)
Return to the SUMMARY TABLE. This register controls the burn-out detection.
Table 50. BO_CFG Field Descriptions

BIT FIELD DESCRIPTION

7:5 0 Reserved. Must be set to ‘0’.

Burn-out output debounce time
00 = Debounce disable (default)
4:3 DEBOUNCE(1:0) 01 = Debounce time 117ms

10 = Debounce time 335ms

11 = Reserved

Function offset calibration enable
2 OFC_EN 0 = User calibration disable

1 = User calibration enable

1.0 0 Reserved. Must be set to ‘0’.

2.1.192 PWAR: POWER MODE REGISTER (ADDRESS = 13H)
Return to the SUMMARY TABLE. This register controls sensor rotation mode.
Table 51. PWR Field Descriptions

BIT FIELD DESCRIPTION
7 0 Reserved. Must be set to ‘0'.

Device power mode selection
00 = High-Speed mode

6 WMODE 01 = High-Resolution mode
10 = Reserved
11 = Reserved

5.0 0 Reserved. Must be set to ‘0’.

9.1.20 CLK-CFG: CLOCK CONFIGURATION REGISTER (ADDRESS = 14H)
Return to the SUMMARY TABLE. This register controls the configuration.
Table 52. CLK-CFG Field Descriptions

BIT FIELD DESCRIPTION
7:6 0 Reserved. Must be set to ‘0’.

SHORT_PROTECT enable control
5 SHORT_PROTECT 0 = Short protect disable (default)

1 = Short protect enable

FSEL to select internal OSC clock frequency

00 = Reserved

4:3 FSEL(1:0) 01 = 1024kHz

10 = 512kHz (default)

11 = 256kHz

DOUT pin current strength control

2 DOUT_DO3MA 0 = DOUT pin has strong driving strength.

1 = DOUT pin has low driving strength to save power.
1:0 0 Reserved. Must be set to ‘0'.
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92.1.21 FIFO_CFG1: FIFO CONFIGURATION REGISTER 1 (ADDRESS = 16H)
Return to the SUMMARY TABLE. This register controls the FIFO configuration.
Table 53. FIFO_CFG1 Field Descriptions

BIT FIELD DESCRIPTION
FIFO interrupt enable when FIFO data hit threshold.
7 FIFO_INT_EN 0: FIFO interrupt disable (default)
1: FIFO interrupt enable
6:5 0 Reserved. Must be set to ‘0’.
FIFO reset control
4 FIFO_RST 0 = FIFO software reset disable (default).

1 = FIFO software reset enable. Software must write 0 to clear the FIFO_RST bit.

FRAME configuration

5-bit burn-out (BIAS_stat, in2n_off, in2p_off, in1n_off, in1p_off)

3-bit burn-out (BIAS_stat, in2n_off, in2p_off) when channel 2 is active.
3-bit burn-out (BIAS_stat, in1n_off, in1p_off) when channel 1 is active.

BIT DESCRIPTION

Only one active channel for conversion data

The frame format is as below (default):

31 FRAME_CFG(2:0) 000 3-bit burn-out (1%, 3-bit burn-out (2n9), 1-bit DUMMY (1% or 1-bit
GPIO (1%, 1-bit DUMMY (2"9) or 1-bit GPIO (2"¥), 24-bit conversion
data (1%), 24-bit conversion data (2"¢)

Two active channels for conversion data

The frame format is as below:

{5-bit burn-out, 1’b0, 2-bit GPIO or 2-bit DUMMY data, 24-bit CH1
conversion data, 24-bit CH2 conversion data}

Others Reserved

001

FIFO enable control
0 FIFO_EN 0 = FIFO is disabled (default).
1 = FIFO is enabled.

92.1.22 FIFO_CFG2: FIFO CONFIGURATION REGISTER 2 (ADDRESS = 17H)
Return to the SUMMARY TABLE. This register controls the FIFO configuration.

Table 54. FIFO_CFG2 Field Descriptions

BIT FIELD DESCRIPTION
FIFO read pointer overwrite pointer FAULT
000 = No GPIO into FIFO frame (default)
001 = Put GPIO1 data into FIFO frame
010 = Put GPIO2 data into FIFO frame
011 = Put GPIO1 and GPIO2 data into FIFO frame
Others = Reserved
FIFO data to trigger MCU read data
00000 = 1-tem data to trigger MCU read data (default)
00001 = 2-item data to trigger MCU read data
4.0 DEPTH(4:0) 00010 = 3-item data to trigger MCU read data

7:5 STATUS_SEL(2:0)

01011 = 12-item data to trigger MCU read data
Others = Reserved
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9.1.23 FIFO_STAT: FIFO STATUS REGISTER (ADDRESS = 18H)
Return to the SUMMARY TABLE. This register controls the FIFO status.

Table 55. FIFO_STAT Field Descriptions
BIT FIELD DESCRIPTION
FIFO data is ready for MCU read.
7 FIFO_RDY 0 = FIFO data does not meet threshold (default).
1 = FIFO data is ready for MCU read.
FIFO status
6 FIFO_EMPTY 0 = FIFO is not empty.
1 = FIFO is empty (default).
FIFO status
5 FIFO_FULL 0 = FIFO is not full (default).
1 =FIFO is full.
FIFO error occurs.
Write the FIFO_RST field of FIFO_CFG1 to clear FIFO error.
0 = No FIFO error.
1 = If FIFO is disabled and FIFO read pointer is not equal to write pointer, the FIFO
error occurs. FIFO will be disabled when the read/write is triggered unexpectedly,
or when FIFO is not empty.
FIFO data watermark level for MCU read data
0000 = No-item data in FIFO for MCU read (default)
0001 = 1-item data in FIFO for MCU read data
3.0 DLVL(3:0) 0010 = 2-item data in FIFO for MCU read data

4 FIFO_ERROR

1011 = 12-item data in FIFO for MCU read data
Others = Reserved
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9.1.24 MOD_STAT1: INTERNAL MODULE STATUS REGISTER 1 (ADDRESS = 19H)
Return to the SUMMARY TABLE. This register stores the status of device submodule.
Table 56. MOD_STAT1 Field Descriptions

BIT FIELD

DESCRIPTION

7 INVALID_CMD_ERR

Invalid SPI command is detected.

Only the first invalid command will set this bit, Ignore this bit when DIN_CRC_EN is set.
0 = There is no invalid SPI command error.

1 =There is an invalid SPI command error.

6 SHORT_GND

Digital pin shorted to ground.

Software needs to write zero to clear last status before using it again.
0 = No pin shorted to ground (default)

1 = Digital pin shorted to ground

5 CLK_MISS

Input clock missing or invalid issue occurs.

This bit will always be set until device reset is triggered. This is a critical fault for
application.

0 = No clock missing occurs (default).

1 = Clock missing occurs.

4 FRAME_MISS

Frame buffer overwrite occurs.
0 = No frame buffer overwrite (default).
1 = Frame buffer is overwritten and missing occurs.

3 DAT_CRC_ERR

SPI write command and data CRC error occurs.
0 = SPI write data has no CRC error (default).
1 = SPI write data has CRC error.

2 CMD_CRC_ERR

SPI command CRC error occurs, except WREG command
0 = Input command has no CRC error (default).
1 = Input command has CRC error.

1 OORNG

ADC value out-of-range occurs.

The ADC result out of range flag (default)
0 = ADC value not out of range

1 = ADC value out of range

0 SHORT_PWR

Digital pin shorted to power.

Software needs to write zero to clear last status before using it again.
0 = No pin shorted to power (default)

1 = Digital pin shorted to power
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9.1.25 MOD_STAT2: INTERNAL MODULE REGISTER 2 (ADDRESS = 1AH)
Return to the SUMMARY TABLE. This register stores the status of device submodule.

Table 57. MOD_STAT2 Field Descriptions
BIT FIELD DESCRIPTION

BIAS burn-out status

Software needs to write zero to clear last status before using it again.
0 = No BIAS positive burn-out occurs (default).

1 = BIAS positive burn-out occurs.

BIAS burn-out status

Software needs to write zero to clear last status before using it again.
0 = No BIAS negative burn-out occurs (default).

1 = BIAS negative burn-out occurs.

5 0 Reserved. Must be set to ‘0’.

4 0 Reserved. Must be set to ‘0’.

PGA2 negative out of range

Software needs to write zero to clear last status before using it again.
0 = No PGA2 negative out of range (default).

1 = PGA2 negative out of range occurs.

PGA2 positive out of range

Software needs to write zero to clear last status before using it again.
0 = No PGA2 positive out of range (default).

1 = PGA2 positive out of range occurs.

PGAT1 negative out of range

Software needs to write zero to clear last status before using it again.
0 = No PGA1 negative out of range (default).

1 = PGA1 negative out of range occurs.

PGA1 positive out of range

Software needs to write zero to clear last status before using it again.
0 = No PGAT1 positive out of range (default).

1 = PGA1 positive out of range occurs.

7 BIAS_BO_P

6 BIAS_BO_N

3 PGA2N_OOR

2 PGA2P_OOR

1 PGATN_OOR

0 PGA1P_OOR
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92.1.26 OP_STAT CMD: OPERATION STATUS COMMAND REGISTER (ADDRESS =

18H)

Return to the SUMMARY TABLE. This register stores the status of user command.
Table 58. OP_STAT_CMD Field Descriptions

BIT FIELD

DESCRIPTION

7 EFU_UERR

eFuse unacceptable error
0 = No unacceptable error
1 = Unacceptable error

6 EFU_CERR

eFuse Correct error
0 = No correctable error
1 = Correctable error

5 RDATAC_DONE

RDATA Continuously command

The bit shows the RDATA command status if device executes the RDATAC command.
0 = NO RDATAC command is executed (default).

1 = RDATAC command is executed.

4 RD_FIFO_DONE

FIFO Read Command execution status when FIFO is enabled.
The RFIFO command will be dropped if FIFO is enabled.

0 = Device has NOT executed the RFIFO command (default).
1 = Device has executed the RFIFO command.

3 CAL_DONE

Device Calibration done

The bit shows the Channel Offset Calibration status if device executes the OFFSETCAL
command.

0 = No device calibration (default)

1 = Device calibration done

2 RDATA_DONE

Read ADC data to shift register status.
0 = Device has NOT executed the RDATA command (default)
1 = Device has executed the RDATA command.

1 REG_WR_DONE

Device has executed a WREG command.
0 = Device has NOT executed the WREG command (default).
1 = Device has executed the WREG command

0 REG_RD_DONE

Device has executed a RREG command.
0 = Device has NOT executed the RREG command (default).
1 = Device has executed the RREG command.
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9.1.27 OP_STAT SYS: SYSTEM OPERATION STATUS REGISTER (ADDRESS = 1CH)
Return to the SUMMARY TABLE. This register stores the status of user operation.
Table 59. OP_STAT_SYS Field Descriptions

BIT FIELD DESCRIPTION
Device is locked for the LOCK command.
The device SPl is in locked status if device executes the UNLOCK command, and the
7 SPI_UNLOCK |status is cleared to zero when device executes the LOCK command.
0 = SPl interface is locked.
1 = SPI interface is unlocked (default).
Device is locked for the LOCK command.
The device SPI is in locked status if device executes the LOCK command, and the status
6 SPI_LOCK is cleared to zero when device executes the UNLOCK command.
0 = SPI interface is unlocked (default).
1 = SPl interface is locked.
Stop Read Data Continuously mode
The device is in Stop Read Data Continuously mode if device executes the SDATAC
5 SDC_MODE |command. The status is cleared to zero when device executes the RDATAC command.
0 = Device in Read Data Continuously mode (default).
1 = Device NOT in Read Data Continuously mode
Read Data Continuously mode (only indicates device mode)
The device is in Read Data Continuously mode if device executes the RDATAC
4 RDC_MODE |command. The status is cleared to zero when device executes the SDATAC command.
0 = Device NOT in Read Data Continuously mode
1 = Device in Read Data Continuously mode (default)
Stop Conversion status
The device is in Stop Conversion state if device executes the STOP command. The status
3 STOP is cleared to ZERO when device executes the START command or sets the START pin.
0 = Device NOT in Stop Conversion status (default).
1 = Device in Stop Conversions status
Start Conversion status
The device has executed the START command or a valid START event from the START
2 START pin.
0 = Device has NOT executed the START command or START Pin event (default).
1 = Device executed a START command or START Pin event.
Device in WAKEUP mode
The device is in WAKEUP mode if the device executes a wakeup command. The bit is
1 WAKEUP cleared to zero if the device executes a STANDBY command.
0 = Device NOT in WAKEUP mode
1 = Device in WAKEUP mode (default)
Device in STANDBY mode
The device is in STANDBY mode if the device executes a standby command. The bit is
0 STANDBY cleared to zero if the device executes a WAKEUP command.
0 = Device NOT in STANDBY mode (default)
1 = Device in STANDBY mode
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9.1.28 Fl: FUCTION INDICATOR REGISTER (READ-ONLY) (ADDRESS = 1DH)

Return to the SUMMARY TABLE. This register stores the device manufacture information.

Table 60. Fl Field Descriptions
BIT FIELD
7:6 0

DESCRIPTION

Reserved. Must be set to ‘0’.
Feature set identification

Bit 0 =0:

Bit 1 =0:

5.0 FS_ID(5:0) |Bit2=0:

Bit 3 = 0: Has FIFO

Bit 4 = 0: Has DFS

Bit 5 = 0: Has DHP

2.1.292 ID_PR: ID PART INFORMATION REGISTER (READ-ONLY) (ADDRESS = 1€H)
Return to the SUMMARY TABLE. This register indicates the device part information.
Table 61. ID_PR Field Descriptions

BIT FIELD DESCRIPTION
Identification

7:4 PAR_ID(3:0) |0x7: ADX320Q/ADX3202Q
Others: Reserved

3.0 0 Reserved. Must be set to ‘0’.

9.1.30 OFC_CH10: CHANNEL 1 OFFSET CALIBRATION REGISTER O (ADDRESS =

22H)

Return to the SUMMARY TABLE. This register controls the channel 1 offset calibration.
Table 62. OFC_CHI10 Field Descriptions

BIT FIELD DESCRIPTION
7:0 OFC_B(7:0) | Offset calibration register byte 0 (channel 1)

9.1.31 OFC_CH11: CHANNEL 1 OFFSET CALIBRATION REGISTER 1 (ADDRESS =

23H)
Return to the SUMMARY TABLE. This register controls the channel 1 offset calibration.

Table 63. OFC_CH11 Field Descriptions
BIT FIELD DESCRIPTION
7:0 OFC_B(15:8) |Offset calibration register byte 1 (channel 1)

9.1.32 OFC_CH12: CHANNEL 1 OFFSET CALIBRATION REGISTFER 2 (ADDRESS =

24H)
Return to the SUMMARY TABLE. This register controls the channel 1 offset calibration.
Table 64. OFC_CH12 Field Descriptions

BIT

FIELD

DESCRIPTION

7.0

OFC_B(23:16)

Offset calibration register byte 2 (channel 1)
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9.1.33 OFC_CH20: CHANNEL 2 OFFSET CALIBRATION REGISTER O (ADDRESS =

25H)
Return to the SUMMARY TABLE. This register controls the channel 2 offset calibration.
Table 65. OFC_CH20 Field Descriptions

BIT FIELD DESCRIPTION

7:0 OFC_B(7:0) |Offset calibration register byte 0 (channel 2)

9.1.34 OFC_CH21: CHANNEL 2 OFFSET CALIBRATION REGISTER 1 (ADDRESS =

26H)
Return to the SUMMARY TABLE. This register controls the channel 2 offset calibration.
Table 66. OFC_CH21 Field Descriptions

BIT FIELD DESCRIPTION

7:0 OFC_B(15:8) | Offset calibration register byte 1 (channel 2)

9.1.35 OFC_CH22: CHANNEL 2 OFFSET CALIBRATION REGISTER 2 (ADDRESS =

27H)
Return to the SUMMARY TABLE. This register controls the channel 2 offset calibration.
Table 67. OFC_CH22 Field Descriptions

BIT FIELD DESCRIPTION

7:0 OFC_B(23:16) | Offset calibration register byte 2 (channel 2)

9.1.36 RSV: RESERVED REGISTER (ADDRESS = 28H)
Return to the SUMMARY TABLE.
Table 68. RSV Field Descriptions

BIT FIELD DESCRIPTION
7:3 0 Reserved. Must be set to ‘0'.

2 1 Reserved. Must be set to ‘1"

1.0 0 Reserved. Must be set to ‘0’.
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10. POWER SUPPLY RECOMMENDATIONS

The nominal performance of the device is specified with an analog supply voltage AVDD of 3V and an
internal reference voltage VREFP of 2.4V.The device also operates using power supplies at the AVDD pin from
2.7V to 5.5V with excellent performance.

10.1 POWER-SUPPLY SEQUENCING

Before device power-up, all digital and analog inputs must be low. At the time of power-up, all of these signals
should remain low until the power supplies have stabilized, as shown in Figure 59. At this time, begin supplying
the master clock signal to the CLK pin. Wait for time tror, then transmit a RESET pulse. After releasing RESET, the
configuration register must be programmed, see the CONFIG1 register for details. The powerup sequence
timing is shown in Table 69.
'4 tror >
{C

J)

Power
Supplies

RESET —p € trst

>
Start Using the Device
4— 18 tcix —W

Figure 59. Power-Up Timing Diagram
Table 69. Power-Up Sequence Timing

PARAMETER SYMBOL MIN TYP MAX UNITS
Wait after Power-Up until Reset tror 2" tmop
Reset Low Width trst 1 tmop
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11. LAYOUT
11.1 LAYOUT GUIDELINES

Attention to good layout practices is always recommended. For best operational performance of the device,
use good PCB layout practices.

Noise propagates into analog circuitry through the power pins of the circuit as a whole and of the device.
Bypass capacitors reduce the coupled noise by providing low-impedance power sources local to the
analog circuitry. Connect low-ESR, 0.1uF ceramic bypass capacitors between each supply pin and ground,
placed as close to the device as possible. A single bypass capacitor from V+ to ground is applicable for
single-supply applications.

To reduce parasitic coupling, run the input traces as far away from the supply or output traces as possible. If
these traces cannot be kept separate, crossing the sensitive trace perpendicular is much befter than in
parallel with the noisy trace.

Place the external components as close to the device as possible. Keep the traces as short as possible.

11.1.1 PCB LAYOUT

11.1.1.1 POWER SUPPLIES AND GROUNDING

The ADX320Q/ADX3202Q devices have two supplies: AVDD and DVDD. AVDD should be as quiet as possible.
AVDD provides the supply to the charge pump block and has transients at fcik. It is important to eliminate
noise from AVDD that is non-synchronous with the ADX320Q/ADX3202Q operation. Each ADX320Q/ADX3202Q
supply should be bypassed with 10uF and a 0.1uF solid ceramic capacitors. It is recommended that
placement of the digital circuits (such as the DSP, microcontrollers, and FPGAS) in the system is done so that
the return currents on those devices do not cross the ADX320Q/ADX3202Q analog return path. The
ADX320Q/ADX3202Q can be powered from unipolar or bipolar supplies.

The capacitors used for decoupling can be of the surface-mount, low-cost, low-profile multi-layer ceramic
type. In most cases, the VCAP1 capacitor can also be a multi-layer ceramic, but in systems where the board
is subjected to high or low frequency vibration, it is recommended that a non-ferroelectric capacitor such
as a tantalum or class 1 capacitor (for example, COG or NPO) be installed. EIA class 2 and class 3 dielectrics
(such as X7R, X5R, X8R, and such) are ferroelectric. The piezoelectric property of these capacitors can
appear as electrical noise coming from the capacitor. When using internal reference, noise on the VCAP1
node results in performance degradation.
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11.1.1.1.1 CONNECTING THE DEVICE TO UNIPOLAR (+3V OR +1.8V) SUPPLIES
Figure 60 shows the ADX320Q/ADX3202Q connected to a unipolar supply. In this example, the analog supply
(AVDD) is referenced to analog ground (AVSS) and the digital supply (DVDD) is referenced to digital ground

TuF

(DGND).
+3V +1.8V
(@] (@]
0.1uF 1uF
i i T
AVDD DVDD
!220pF
VREFP I. I
- 0.1uF 10uF
VREFN
PGAIN
4.7nF
PGAIP VCAPI
Device VCAP2
220pF%
1uF
AVSS DGND | |

NV

Y

Regarding the capacitors for supply, reference, VCAP1, and VCAP2, place them as close fo the package as possible.

Figure 60. Single-Supply Operation
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11.1.1.1.2 CONNECTING THE DEVICE TO BIPOLAR (=1.5V OR 1.8V) SUPPLIES

Figure 61 illustrates the ADX320Q/ADX3202Q connected to a bipolar supply. In this example, the analog
supplies connect to the device analog supply (AVDD). This supply is referenced to the device analog return
(AVSS), and the digital supply (DVDD) is referenced to the device digital ground return (DGND).

+1.5V +1.8V
0] 0]
L, _T_ (R I
"I LT
AVDD DVDD
VREFP *
6 L i 1
— 0.1yF  —— 10uF
220pF —— VREFN -
PGAIN @]
4.7nF —— -1.5V
PGAITP VCAPI
Device VCAP2
220pF ;I;
AVSS DGND
! —— TyF —— 1pF

0.TuF

<—||~

L

T"

\Y%
o

-1.5V

Regarding the capacitors for supply, reference, VCAP1, and VCAP2, place them as close to the package as possible.

Figure 61. Bipolar Supply Operation

11.1.1.2 SHIELDING ANALOG SIGNAL PATHS

As with any precision circuit, careful PCB layout ensures the best performance. It is essential to make short,
direct inferconnections and avoid stray wiring capacitance—particularly at the analog input pins and AVSS.
These analog input pins are high-impedance and extremely sensitive to extraneous noise. The AVSS pin
should be treated as a sensitive analog signal and connected directly to the supply ground with proper
shielding. Leakage currents between the PCB traces can exceed the ADX320Q/ADX3202Q input bias current
if shielding is not implemented. Digital signals should be kept as far as possible from the analog input signals

on the PCB.
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11.2 LAYOUT €EXAMPLE

Via to corresponding
voltage plane or pour

Via to ground plane
or pour

Inputs filtered with
differential capacitors

CAP and power supply
decoupling capacitors
close to pins

Device

Long digital input lines
terminated with resistors to
prevent reflection

CAP and power supply
decoupling capacitors
close o pins

Figure 62. Example PCB Layout for Single-Supply Operation
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12. PACKAGE INFORMATION

The ADX320Q/ADX3202Q is available in the QFN-32 packages. Figure 63 shows the package view.

d bl
@T . P} 5

=

PIN 1 CORNER ]

o g N R
TOP VIEW SIDE VIEW
D2
o 11— | @ i[c|Al8]
q A]é ~—8X (K1)
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8 D g 17
- / \
P I
E2 Yy v
@i [c[A]8] E g -
[ 32X b
‘ J bbb @|C[A[B]
D % & dddM)|C
LS.\ ol
< A000000Mm0
PIN 11.D. 32 2% () 4»%5
32X 12 »L J« 24X L

BOTTOM VIEW
Figure 63. Package View
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Table 70 provides detailed information about the dimensions.

Table 70. Dimensions

DIMENSIONS IN MILLIMETERS
PARAMETER SYMBOL
MIN NOM MAX
Total Thickness A 0.7 0.75 0.8
Stand Off Al 0 0.02 0.05
Mold Thickness A2 — 0.55 —
L/F Thickness A3 0.203 REF
Side Wettable Depth A4 0.075 — 0.18
Lead Width b 0.15 0.2 0.25
X D 4 BSC
B .
ody Size v £ 4BSC
Lead Pitch e 0.4 BSC
. X D2 2.7 2.8 2.9
EP Size Y E2 2.7 2.8 29
L 0.25 0.35 0.45
Lead Length L1 0.235 0.335 0.435
Side Wettable Width L2 0.01 - 0.09
Lead Tip to Exposed Pad Edge K 0.25 REF
plo &P g K1 0.265 REF
Package Edge Tolerance aaa 0.1
Mold Flatness cce 0.1
bbb 0.07
L ffset
ead Offse ddd 0.05
Exposed Pad Offset fff 0.1
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13. TAPE AND REEL INFORMATION

Figure 64 illustrates the carrier tape.

4.00£0.10 2.00£0.10

®1.55+0.10 r—» —T<7
4 ‘ 1.00+0.10

/ f\/ Jan Jan Jan\ Jan Jan Jan Jan Jan Jan\ Jan
3 /)\J N\ N\ N\ N\ N\ N\ N\ N\ N\ N\ N\

1.75+0.10

55+0.10

A A s o f
oo O O O F
R
Y 0
5°TYP 8.00£0.10 L1 0%x008
- -
BB
1.00£0.10
4.40+0.10
Y
0.25+0.05 A
A-A
Notes:
1. Cover tape width: 9.3 + 0.10.
2. Cumuldative tolerance of 10 sprocket hole pitch: £0.20 (max).
3. Camber: not to exceed 6mm in 500mm.
4. Mold#: GFN-32. -
2 glllrggroer?sc:?\:sew G @B
Figure 64. Carrier Tape Drawing
Table 71 provides information about tape and reel.
Table 71. Tape and Reel Information
PACKAGE REEL/ INNER BOX/ INNER BOX CARTON
TYPE REEL QTY/REEL INNER BOX CARTON QIY/CARTON SIZE (MM) SIZE (MM)
QFN-32 7" 1500 1 20 30000 240*20*265 455*275*255

Figure 65 shows the product loading orientation—pin 1 is assigned at Q2.

o O O O

Qa2 Ql i Q2

Pin 1

Q3 i Q4 [SKIRESY]

* Q: Pocket quadrant

Figure 65. Product Loading Orientation

Page 90 of 91 | www.analogysemi.com Public © 2022 AnalogySemi Lid. All Rights Reserved.



ADX3200/ADX32020

Low-Power, 2-Channel, 24-Bit, Simultaneous Sampling
Analog-to-Digital Converter with PGA Built-In

REVISION HISTORY

REVISION DATE DESCRIPTION
Rev A 01 December 2022 |Rev A release.

© 2022 AnalogySemi Ltd. All Rights Reserved. Public www.analogysemi.com | Page 91 of 91



