ESMT

AFE6160A

3-Channel 20-Bit 1TKSPS Low Noise, Low Power 2AADC

Features

® 2.5V to 3.6V operation voltage range
® Up to 20 bits ENOB
® RMS noise

- 1.14uV RMS noise @4Hz, PGA=1X
- 82nV RMS noise @ 4Hz, PGA=128X

® 300uA ultra-low current consumption

® GUA (typ.) standby-mode current
® ADC I/O Channels

- 3CH fully differential analog input channels
- 2CH fully differential VREF input channels

Internal temperatures sensor
Power supply voltage detector
Sensors burn-out diagnostic
Internal precision clock oscillator
2-stage Programmable gain amplifier
- x1~x128 1st-stage gain
- x1~x16 2"d-stage gain
Programmable 2x IDACs current sources
-40 ~ 85°C operation temperature
4Hz to 2KHz data rates
QFN16-3x3 package

Applications

Instrumentation

Direct RTD measurements

IR thermopile sensor measurements
Gas detectors

Direct thermistor measurements

Pressure sensor acquisition

Wheatstone resistor bridge sensor measurement

Liquid chromatography
PH sensor analysis

Smart Home sensor analog front-end

Description

The AFE6160A is a 3-channel, low noise,
ultra-low power 20-bit sigma-delta analog-to-digital
data converter for high precision measurement
applications. Embedding with on-chip temperature
sensor, supply voltage detector, the device can
monitor environment conditions dynamically for
self-data calibration. Operating with internal
calibrated precisely 1TMHz clock oscillators, no extra
external crystal oscillator needed for BOM and area

saved.

The AFEG6160A builds up 2-stage programmable
PGA gain amplifiers. The gain of ach amplifier could
be configured independently. The 1si-stage gain
could program from x1 to x128 and the 2" stage
could program from x1 to x16. User could allocate
the gain in each stage to acquire the low-noise and

supreme stable analog signals.

The devices contain 3 external independent
differential input signals, and 2 external independent
reference voltages. Two on-chip IDACs on-chip
could source independent currents to stimulate
external sensor devices to generate electrical

signals.

The AFE6160A is an oversampling sigma-delta
data converter with a decimation filter to decimate
the output data from modulator. The configurable
output data rate from 4Hz to 1KHz, tradeoff the
resolution and conversion speed in applications

requirements.

The parts operate with a power supply from 2.5V
to 3.6V. The data transacts through standard 12C
digital interface with MCU. The device consumes
300uA ultra-low current consumption in typical and

assembled in QFN16-3x3 package.
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Pin Function Description

Pin Name Pin No. 110 DESCRIPTION

VCM 1 I Common-mode voltage regulation

AVSS 2 P Analog ground

AVDD 3 P Analog power

VSS 4 P Digital ground

SDA 5 I/0 | 12C digital interface data 1/0O

EOC 6 0] Data converter end of conversion interrupt

SCL 7 I 12C digital interface clock input

VDD 8 P Digital power
AINO+,AINO- 9,10 I CHO differential analog signal input
AIN1+,AIN1- 11,12 I CH1 differential analog signal input
AIN2+ AIN2- 13,14 I CH2 differential analog/reference signal input
REFP,REFN 15,16 I CHO differential reference voltage input

Package Outline and Pin Configuration

REFN REFP AIN2- AIN2+

Eralieraliealere
L-s O .-
VCM 51 peeeeeeeeenees 12i AIN1-
AVSS -_-_iz E thermal E lli.-.- AINL+
b pad
AVDD | i3 i 108 | AINO-
S L4 9L AINO+
.--5-1 ---6-1 ---7-1 ===
SDA EOC SCL VDD
Ordering Information
Product ID Package Type Packing Comments
AFE6160A-NQ16NNY QFN16-3x3 3000 Units/Reel Green
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Functional Block Diagram
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Absolute Maximum Rating

! DVSS

Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT

VDD Supply voltage VDD 0.3 4.0 \Y;

Vi Input pin voltage AINx+, AINx-, RINx+, RINx-, VCM -0.3 4.0 V

Vio Digital 1/O ports EOC, SDA, SCL -0.3 4.0 \Y

Ta Operating ambient temperature range -40 85 °C

Tstg Storage temperature range -55 150 °C
AINx+,AINx-,RINO+,RINO-SDA,SCL,EOC +2000

ESD Human Body Model AVDD. VCM 21000 v
Charged Device Model +500
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ESMT AFE6160A
Recommended Operating Condition
Symbol | Description Conditions Min Typ Max Unit
POWER SUPPLY
VDD System power supply VDD to VSS 2.7 3.3 3.6 \%
ANALOG INPUTS
PGA enabled Note(1)
VAINX Absolute input voltage
PGA disabled AVSS-0.3 — AVDD+0.3 \Y
ViN Differential input voltage VIN =Vaine — VaINN — +VRrer/Gain — \Y
REFERENCE INPUTS
VRINX Differential reference voltage VRer =VRerp — VREFN 0.3 - AVDD-AVSS
VREFP Positive reference voltage Vrern + 0.3 — AVDD \%
VREFN Negative reference voltage AVSS - Vrerp - 0.3
DIGITAL INPUTS/OUTPUTS
GPIO ports SDA, SCL, EOC VSsS - VDD \
OPERATION TEMPERATURE
Ta Operating ambient temperature -40 — 85 C
Note(1) :

Vainx+ > AVSS + 0.3 + Vin x (Gain-1)/2
Vainx- > AVDD - 0.3 - Vin x (Gain-1)/2
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ESMT AFE6160A
Electrical Characteristics
Symbol Description Conditions Min Typ Max Unit
POWER SUPPLY
PGA bypass - 260 310 uA
Ivop Supply current PGA mode, gain=1 - 300 350 uA
Power-down mode — 6 9 uA
PGA
PGAGN PGA Gain setting 1,2,4,8,16,32,64,128 VIV
RFI filter 3dB frequency Design guaranteed - 12.8 - MHz
VCMpca Input common-mode voltage 0.4 AVDD-0.6 \%
PERFORMANCE
Resolution — 20 — bits
ODR Output data rate 2 - 2000 SPS
Vos Offset voltage 20 bits resolution — 1 - LSB
Vos,tc Vos temperature drift — 1 - LSB/C
GE Gain error -1 +0.5 +1 %
CMRR common-mode rejection ratio | ODR=500SPS@60Hz — 80 - dB
PSRR power-supply rejection ratio VDD to VSS - 90 - dB
Resw Sensor switch lIpsw =1mA 8 10 12 Q
ANALOG INPUTS/OUTPUTS
PGA enabled Note(1)
VAINX Absolute input voltage
PGA disabled AVSS-0.1 - AVDD+0.1 V
ViN Differential input voltage ViN =Vaine — VAINN — +Vrer/Gain - \%
VavDD LDO output voltage 25 2.8 3.1 \%
LRavpD AVDD load regulation IOUT=30mA -1% — +1% %
VCM Common-mode voltage -5% AVDD/2 +5% \%
TCvewm VCM temperature coefficient | AVYDD=3.3V -4 — +4 %
REFERENCE INPUTS
VRINX Differential reference voltage | Vrer =Vrerp — VRern 0.3 — AVDD-AVSS \%
VREFP Positive reference voltage Vrern + 0.3 — AVDD
VREFN Negative reference voltage AVSS - Vrerp - 0.3 \%
VRGN[1:0]=00 — 1 - VIV
VRGN][1:0]=01 - 0.5 - VIV
VRGN Reference voltage ratio
VRGN[1:0]=10 — 0.75 - VIV
VRGN[1:0]=11 - 0.25 - VIV
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ESMT AFE6160A
VREF N+ Internal VREF1 RxMUX[1:0]=10 — 1.2 — \Y
VREFiN2 | Internal VREF2 RxMUX[1:0]=11 - 1.0 - \
DC INPUT OFFSET
DCSET[2:0]=000 - 0 - \
DCSET[2:0]=001 — 1/12VREF — \Y
DCSET[2:0]=010 - 2/12VREF - \
DCSET[2:0]=011 - 3/12VREF - \

DCSET Input DC offset adjustment
DCSET[2:0]=100 — 4/12VREF — \Y
DCSET[2:0]=101 - 5/12VREF - \
DCSET[2:0]=110 — 6/12VREF — \Y
DCSET[2:0]=111 - 7/112VREF - \

IDAC CURRENT SOURCES (IDAC1, IDAC2)
IDACx[6:0]=0000000 - 5 - uA
IDACx[6:0]=0000001 — 10 — uA
IDACx[6:0]=0000010 - 20 - uA
IDACx[6:0]=0000100 — 40 — uA

IDACx Current settings@Vem =1.0V | IDACx[6:0]=0001000 -1% 80 +1% uA
IDACx[6:0]=0010000 — 160 - uA
IDACx[6:0]=0100000 — 320 — uA
IDACx[6:0]=1000000 - 700 - uA
IDACx[6:0]=1111111 — 1200 — uA

Compliance voltage AVSS - AVDD-0.6 \%

BURN-OUT CURRENT

Isoop Burn-out source current VDD=3.3V 4 5 6 uA

IsooN Burn-out sink current VDD=3.3V 3.5 4.5 5.5 uA

DIGITAL INPUTS/OUTPUTS (SDA, SCL, EOC)

VoL Low-level output voltage Isink=4mA — — 0.4 \%

Vi Low-level input voltage SDA, SCL 0.7vDD - -

Vin Low-level output voltage SDA, SCL — — 0.3vDD V

ILEAK Input leakage current SDA, SCL - - 1 uA

INTERNAL CLOCK OSCILLATOR

Fek Master clock frequency VDD=3.3V -1% 1.024 +1% MHz

Tsup Clock start-up time VDD=3.3V 1 - - ms

INTERNAL TEMPERATURE SENSOR

Temperature accuracy -40 to 85°C — +3 - C
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ESMT AFE6160A

Current consumption 28 32 36 uA

SUPPLY VOLTAGE DETECTOR

VDD DIVIDER 0.2 0.25 0.3 VIV
OPERATION TEMPERATURE
Ta Ambient temperature -40 - 85 T

12C Digital Communication Timing Diagrams

SYMBOL CONDITION MIN MAX UNIT
fsoL SCL operating frequency 25 - us
faur Bus free time between STOP and START 1.3 — us

tHDsTA Hold time after repeated START condition. 600 - ns
tsusta Repeated START condition setup time 600 - ns
tsusto STOP condition setup time 600 - ns
tHDDAT Data hold time (*2) 0 — ns
tHsuDAT Data setup time 100 - ns
tLow SCL clock low period 1300 - ns
tHiGH SCL clock high period 600 - ns
tvoar Data valid time (*3) — 200 ns
troa Data fall time - 300 ns
tr Clock rise time — 300 ns
te Clock fall time — 300 ns

Time out |Clock fall time 100 — ms

treclockidata  |rise time for SCL=100KHz — 1 us

(*1) The host and device have the same VDD voltage. The voltages are based on statisctical analysis of samples
tested during initial release.

(*2) The maximum tupopat can be 0.9us for fast mode, and is less than the maximum tvoar by a transition time.

(*3) tvoar=time for data signal from SCL LOW to SDA output (HIGH to LOW, depending on which is worst). =
time for data signal from SCL LOW to SDA output (HIGH to LOW, depending on which is worse).
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ESMT AFE6160A

Multiplexer Connection Network
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Performance Characteristics
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Noise and Resolution

There are 2 kinds of noise terminologies where one is rms noise, another is peak-to-peak
noise. The rms noise could derive into effective number of bits (ENOB) and peak-to-peak
noise express into noise-free resolution for various output data rates. Of configuring the
gain and oversampling ratio settings, designer could tradeoff the output data rate and
resolution. The AFE6160A is a differential, bipolar analog input sigma-delta converter with
24 bits 2's complement digital output. The most-significant bit of digital output data stands
for sign-bit to indicate the analog input signal polarity.

It is important to note that the effective number of bits is calculated using the rms noise,
where the peak-to-peak resolution is calculated based on the peak-to-peak noise. The
peak-to-peak noise is measured by histogram which represents the resolution for which
there is no flicker code output.

The data shown in the effective resolution table represent typical ADC performance at room
temperature. The noise-free bits are the peak-to-peak output of the ADC data, the effective
number of bits (ENOB) are the standard deviation computation of the ADC data. The output
data are acquired with input shorted, based on consecutive ADC readings for a period of

1024 data points. Because of the statistical nature of noise, repeated noise measurements

may yield higher or lower noise performance results.

There are 2 measurement methodologies in the following tables. One measurement by
using internal bandgap reference voltage, another measurement by external ratiometric

reference voltage input. Because of the noise variation cancellation by ratiometric

measurement, the effective resolution will raise up to 1-bit more than internal reference.

ADC data measurement by PGA enabled, Noise-Free resolution (effective resolution) at Ta =25°C and
internal 1.2V Reference

OSR

PGAGN 512 1024 2048 4096 8192 16384 32768 65536
x1 13.8(16.6) | 14.27(17.1) | 14.86(17.57) | 15.49(18.04) | 16.15(18.52) | 16.63(18.97) | 17.25(19.51) | 18.22(20.17)
X2 13.51(16.19) | 13.92(16.69) | 14.47(17.18) | 15.1(17.67) | 15.64(18.22) | 16.57(18.82) | 17.05(19.35) | 17.79(20.11)
x4 13.77(16.45) | 14.39(16.97) | 14.71(17.47) | 15.21(17.95) | 15.46(18.36) | 16.17(18.78) | 16.65(19.23) | 17.48(19.65)
X8 13.74(16.59) | 14.37(17.07) | 14.84(17.55) | 15.32(18) | 15.92(18.51) | 16.43(19.04) | 16.99(19.5) | 17.48(19.8)
x16 13.56(16.34) | 14.2(16.82) | 14.69(17.28) | 15.33(17.76) | 15.75(18.24) | 16.25(18.62) | 16.8(19.12) | 17.56(19.78)
x32 12.82(15.63) | 13.42(16.14) | 13.87(16.66) | 14.58(17.15) | 15.11(17.56) | 15.66(17.95) | 16.09(18.38) | 16.53(18.84)
x64 12.18(15.01) | 12.59(15.49) | 13.46(15.99) | 13.85(16.45) | 14.53(16.91) | 14.92(17.37) | 15.57(17.7) | 15.88(17.93)
x128 11.51(14.2) | 12.21(14.7) | 12.54(15.21) [ 13.02(15.72) | 13.71(16.26) | 14.23(16.8) | 14.98(17.21) | 15.81(17.8)

Elite Semiconductor Microelectronics Technology Inc.

Revision:0.5

Publication Date:OCT. 2022

10/41




ESMT

AFE6160A

ADC data measurement by PGA enabled, Noise-Free resolution (effective resolution) at Ta =25°C and

external ratiometric measurement

OSR
PGAGN 512 1024 2048 4096 8192 16384 32768 65536
x1 14.39(17.27)| 15.21(17.77) | 15.85(18.27) [16.29(18.74)| 16.69(19.26) | 17.3(19.76) [ 18(20.41) | 18.79(21.12)
x2 14.33(17.18)| 14.95(17.67) | 15.5(18.18) [16.19(18.73)| 16.77(19.27) |17.42(19.84)[18.17(20.44)| 18.87(21.13)
x4 14.04(17.01)| 14.64(17.49) | 15.31(18.02) [15.88(18.55)| 16.71(19.12) |17.26(19.68)[17.85(20.23)| 18.45(20.78)
X8 14.17(16.84)| 14.62(17.32) | 15.34(17.83) [15.81(18.38)| 16.4(18.91) |16.99(19.37)|17.62(19.73)| 17.89(20.11)
x16 13.2(15.9) | 13.52(16.39) | 14.09(16.87) | 14.9(17.39) | 15.54(17.98) | 16.23(18.7) [16.92(19.51)| 17.48(20.01)
x32 13.73(16.47)| 14.24(16.94) | 14.78(17.42) [15.36(17.91)| 16.03(18.46) | 16.57(19) [17.13(19.36)| 17.66(19.83)
x64 12.56(15.2) | 12.9(15.65) | 13.5(16.14) [14.11(16.64)| 14.76(17.15) | 15.2(17.75) [15.87(18.33)| 16.64(18.93)
x128 11.76(14.36)| 12.21(14.85) | 12.67(15.37) |13.27(15.87)| 13.84(16.31) | 14.41(16.8) [14.86(17.17)| 15.48(17.7)

ADC data measurement by PGA disabled, Noise-Free resolution (effective resolution) at Ta =25°C and
internal 1.2V Reference

OSR

ADCGN| 512 1024 2048 4096 8192 16384 32768 65536
x1 14(16.65) |14.31(17.14)|14.93(17.66)| 15.62(18.2) | 16.24(18.76)|16.84(19.34) [ 17.49(19.94) [ 18.33(20.51)
x2 [13.82(16.67)[14.32(17.18)| 14.98(17.68)| 15.45(18.11)| 16.09(18.56) | 16.66(19.06) | 17.15(19.54) | 18.02(20.21)
x4 [13.82(16.67)[14.32(17.18)| 14.98(17.68)| 15.45(18.11)| 16.09(18.56) | 16.66(19.06) | 17.15(19.54) | 18.02(20.21)
x8 [13.58(16.39)[14.04(16.89)| 14.77(17.4) | 15.1(17.89) |15.82(18.37)| 16.6(18.87) |17.14(19.35)| 17.77(20)
x16 | 13.8(16.52) |14.49(17.04)| 14.9(17.57) |15.38(18.09)| 15.93(18.54)| 16.6(18.93) |16.99(19.25)|17.56(19.46)

ADC data measurement by PGA disabled, Noise-Free resolution (effective resolution) at Ta =25°C and
external ratiometric measurement

OSR
ADCGN| 512 1024 2048 4096 8192 16384 32768 65536
x1 | 14.6(17.3) |15.06(17.82)|15.59(18.35)|16.25(18.88)| 16.88(19.41)| 17.31(19.97)| 18.07(20.56) | 18.71(21.16)
x2  [14.73(17.32)|15.09(17.82)| 15.54(18.33)| 16.26(18.9) |16.89(19.41)|17.29(19.87)|17.91(20.37)| 18.45(20.75)
x4 [14.39(17.18)|15.03(17.68)| 15.66(18.23)| 16.12(18.82)| 16.86(19.42)| 17.4(19.9) |18.25(20.41)|18.51(20.69)
x8 [14.19(17.08)| 14.86(17.6) | 15.45(18.12)|16.03(18.64)| 16.63(19.14)| 17.23(19.66)| 17.91(20.21)| 18.45(20.58)
x16  [13.99(16.73)|14.51(17.25)|14.83(17.73)| 15.46(18.27)| 16.14(18.81)| 16.78(19.36)| 17.48(19.97)| 18.17(20.61)
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ESMT AFE6160A

System Description

The AFE6160A is a low-noise, low power 20-bit XA ADC that offers many integrated
features to reduce system BOM cost and component counts in measuring sensor signals.
The device has 2 conversion modes, one-shot conversion and continuous conversion
mode. Data can be read at any time if EOC signal is interrupted, it could avoid to access the
corruption data and always reflect the most recently completed conversion.
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Power Supplies

The AFE6160A has 2 independent power supply pins, AVDD and DVDD. AVDD powers the
internal analog linear regulator. The regulator supplies a regulated voltage to critical analog
section of the device contains programmable gain amplifier and delta-sigma data
converters. AVDD is referenced to AVSS and the maximum voltage rating is 4.0V.

DVDD powers the digital section the AFE6160A including clock generator and digital
processing circuits. After the supply voltage is stable, internal power on sequence will reset
all the circuits into an initial condition and register map will return to default value. The
DVDD is reference to DVSS and the maximum voltage rating is 4.0V as same as AVDD.
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Reset

There is no external hardwire reset pin in AFE6160A. In situations where interface
synchronization is lost, user could power on/off the devices to reset the register data into
default values and abort any operation conditions. User can re-command the register
configurations after power on.

The AFE6160A supports software reset where user could reset the device by a fixed 12C
data pattern. The device responds to the two-wire general call address (0000 000) if the
LSB bit is 0. The device acknowledges the general call address and responds to
commands in the 2" byte. If the 2" byte is 0000 0110, the AFE6160A resets the internal
registers to the power-up reset values.

Power Supply Monitors

Regard to monitor the supply voltage quality, the AFE6160A build-in supply voltage
detection function. The AVDD voltage will be attenuated internally by one-fourth and applies
to data converter. The function is useful because of voltage variation from power supply
could be monitored.

After initial power up sequence, the supply voltage will ramp up and stable in a short period
of time, the internal power on reset will reset the digital register file into default value.

Digital Communication Interface and Data Ready Indicator

The AFE6160Ahas a 2-wire serial interface that is compatible with standard [2C
specification. It is operated as a slave device where a controller or master device could
access the register data through 12C specified timing patterns. Connections to the bus are
made through the open-drain I/O line SDA and SCL input pin. External pull-up resistor is
needed for each of the two terminals. There are Schmitt triggers at SDA/SCL input signal
chain to minimize the effects of signal fluctuations from harsh environment which couples
noisy signals on data bus. The AFE6160A supports the 12C transmission protocol up to
1MHz clock frequency of fast mode.

Bus Fault Timeout

The AFE6160A supports SMBus timeout feature. If the host holds the SCL pin in “L” more
than 16ms(typ.) between a START and STOP condition, the AFE6160A would reset its
internal state machine to prevent a system bus hang-up. This feature is turned on by
default and release SDA and waits for a START condition.
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Slave Address

To communicate with the AFE6160A, the master device must first address devices through
a 7-bit device address, a direction bit indicating the intent of executing a read or write
operation.

Timing Diagram

| I I I
| | | |
| I I 1
| . I
7-bit 12 Addrdss |
1 1 1 1
1 1 1 1

START

p———————————————  Address Byte - Command Byte =~ ————3

SCL

SDA

p————————————  DataByle1 = Data Byte 2 _

Two-wire timing diagram for Write Two Bytes format

I I I
| | |
T T T
17-bit 12C Addrpss
| |
] ]

|
l
SDA |
|
|

. 6 10 10 10 10
START I ACK ! ! ACK
f——————— Address Byte 3 Command Byte =~——k———
1 2 3 4 5 3] 7 8 9
1 | | I | | |
scL i
1 [ | | | | | | | |
| [ | I ____
1 | | 1 | |
T T T s e B e
STOP
_ Data Byte 1 B — |
Two-wire timing diagram for Write Single Byte format
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Command Byte
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Register File

The AFE6160A build-in register files which can be configured to control the functions of
analog front end. After powering up, the internal power on reset circuit will clear the register
data into default value.

Channel Multiplexer Configuration

AFEG6160A is 3 channels multiplexed data acquisition system utilized in industrial process
control, portable medical devices, and automated test equipment need increased channel
density where the user can measure the signals from multipole sensors, monitor and scan
many input channels into a single sigma-delta ADC. The input multiplexer selects the signal
for measurement which could save PCB space, power and total system cost. The
sigma-delta data converter is conventionally monotonic and uses integrated modulator for
oversampling and digital decimation filtering that requires a internal clock source to
synchronize all the functionality circuit blocks, resulting in a nonzero cycle latency. The
multiplexer input faces limited bandwidth, settling time and input range which will degrade
the system performance requiring to be designed carefully.

Since sigma-delta data converter is an oversampling analog input, the transition band of
anti-aliasing filter could be greatly simplified rather than brick-wall stop band filter in
Nyquist-rate data converters. In most applications, aa simple single-pole RC filter is
required for easy implementation.

The AFE6160A has 3 differential analog input channels. The analog input signals are
connected to internal programmable gain amplifier when the devices are operated in
buffered mode. The unbuffered mode could be configured by register, the input channels
connect to 2" gain stage and feed through the sigma-delta modulator directly. By unknown
or higher source impedance, the input channel should set to using buffer mode where the
input signals acquires by a high impedance input stage. Therefore, the AFE6160A can
tolerate any signal source impedances which connect to external resistive-type sensors
directly. User could enable buffered mode to set the INBUF=1. It should be noted that the
input common mode range of buffer mode between AVSS+100mV to AVDD-1V.

When INBUF=0, the devices operate in unbuffered mode. User can configure the ADCGN
to setup the 2" gain stage to amplify the input signals without buffer. If the input source
impedance is low enough compared to input impedance of sigma-delta modulator, it will not
result in much gain error on data converter output.

The AFE6160A can be configured with gain equals to 1, 2, 4, 8 or 16 when it is operated in
unbuffered mode. The absolute input voltage in unbuffered mode is restricted between
AVSS-30mV to AVDD+30mV.Because no buffer circuits enabled during unbuffered mode,
the power consumption could be minimized in data conversion.
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Instrumentation Amplifier

There is a programmable gain amplifier in front of sigma-delta modulator which could be
used as an input analog buffer. User could configure the INBUF bit in register to enable the
PGA amplifier. If the INBUF=1, the amplifier will active, and the amplifier will dis-active
when INBUF=0. The PGA amplifier will be active automatically as the gain setting greater
than 1. If the gain setting is equal to 1, user could configure to enable the buffer or not to
adapt the input source connections. Although its wide input dynamic range of PGA and
analog-to-digital converter, it is necessary to ensure that the headroom required for correct
operation is met with gain configuration.

When the PGA amplifier is enabled, the input channel multiplexer will apply to input of the
instrumentation amplifier. The low-noise programmable gain amplifier can amplify small
amplitude signals to be gained while still maintaining excellent noise performance. The
input gain in buffered mode could be set by 1, 2, 4, 8, 16, 32, 64 and up to 128 in the
configuration register. For example, with an internal 1.2V reference voltage, the unipolar
input range is from 1.2V and the bipolar range is from 1.2V.

If the AFE6160A is operated with external reference that has a value equal to AVDD, the
analog input signal must be limited to 90% of VREF/PGAGN][2:0] when the programmable
gain amplifier is enabled.

ADC Configuration

The AFE6160A are low noise, low power analog-to-digital data converter that incorporate a
sigma-delta modulator, programmable instrumentation amplifier, and on-chip digital
decimation filter intended for the measurement of low-frequency signals such as those in
RTD, thermocouple, thermopile, pressure transducer and scales.

AFEG6160A allocates 3 input channels that can be buffered or unbuffered. User could adapt
to different application from input source impedance to configure the buffer on/off. The input
buffer incorporates with programmable gain stage to amplify low-level sensor input signals.
In addition to the input gain stage configuration, the reference volage of sigma-delta data
converter could be configured also. If the full-scale of input signal after PGA amplifier stage
is far below the default reference voltage, user could setup the gain of reference by x1, x3/4,
x1/2 and x1/4 referred to analog input voltage.

There is programmable input DC offset voltage setup if the analog input voltage is not
equally equipped in full-scale input dynamic range. Designer could configure the
DCSET[2:0] which could adjust the input DC level by 1/12VREF to 7/12VREF from analog
input voltage.

Elite Semiconductor Microelectronics Technology Inc. Publication Date:OCT. 2022
Revision:0.5 17/41



ESMT AFE6160A

Upon the input offset voltage from sensors, the input of the sigma-delta modulator has a
system chopper switch to remove the system offset effect. User could average output data
from toggling input chopper switch to have an offset-free output.

The output data rate of the AFE6160A is user programmable. The allowable update rates
along with different settling times could be configured by oversampling ratio register.
Normal mode signal bandwidth noise rejection is the major function of the digital filter. If
user would like to immune 50Hz/60Hz power buzz, it could be implemented by placing the
frequency response of the digital filter with output notches at 50Hz or 60Hz.

Calibration

The AFE6160A will go through factory calibrated flow during manufacturing and circuit
testing, user could implement the measurements without user calibration. If some the
measurement system suffers from higher input impedance mismatch or system offset from
temperature drift or environment changing, the AFE6160A reserves a user-calibrated
registers to remove systematic dc errors. It means that the devices have internal zero-scale
calibration, internal gain error calibration, system zero-scale calibration and system gain
error calibration, which effectively reduce the offset error and gain error to the optimized
measurement performance.

During an internal offset error and gain error calibration, the input multiplexer and are
connected internally to the ADC input pins. However, a system calibration should apply the
input voltages on the analog input pins before systematic calibration is initiated.

A calibration should be treated as a data converter operation. After each data conversion,
the output data of digital filtering is scaled using the ADC calibration registers before being
written to the data register. The offset calibration coefficient is subtracted from the result
prior to multiplication by the full-scale coefficient. The EOC pin determine the end of
calibration via a polling sequence or an interrupt-driven routine.

IDAC Excitation Current Sourcesfor Sensor Stimulation

The devices build in dual matched excitation current output, it expresses as the current
DAC output (IDAC) in datasheet. The IDAC constant current sources that can be
programmed to equal 10uA, 50uA and up to 1.5mA with 7 steps by register setting. Both
excited source currents from the AVDD are directed topins which are combo-function pin
configuration with analog input (AIN2+ and AIN2-) and reference voltage input pins (RIN1+
and RIN1-). The IDAC current sources can be used to stimulate external resistive bridge,
thermisor or RTD sensors.
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Reference Signal Configuration

The AFE6160A has embedded a 1.2V reference supply. The reference voltage of
sigma-delta modulator can be applied from internal bandgap reference or external
reference input. For external references, the sigma-delta modulator has a fully differential
input capability for the channel. The RINO is a dedicated differential external reference input
channel and another reference input channel, RIN1, is a combo function with analog input
channel AIN2. The reference sources of the AFE6160A can be configured by internal
register. User can select any external voltage reference source by configuring the reference
input buffer to get the optimizing performance. When the internal reference voltage is
selected, it is preferred to connect the external reference pins to analog ground to protect
from noise coupling on multiplexer.

The reference inputs can be configured in buffered or unbuffered by VRBUF bit in register.

When VRBUF=0, the reference input voltage will bypass the internal buffer and connect to

switched-capacitor circuits in data modulator. If VRBUF=1, the reference input will buffer by
internal amplifier to immune the gain error result from the excessive RC source impedance
mismatch. The common-mode range for the differential inputs is from AVSS to AVDD-1V.

In application where the excitation current for the external sensor on the analog inputs also
drive the reference voltage by ratio-metric. The steering current error will be cancelled by
such connection architecture.

Using external reference resistor of reference voltage generation, it is important to consider
using a lower temperature coefficient external resistor with higher accuracy and a better
temperature drift performance.

Clock Oscillator

The internal oscillator runs at 1MHz which provides the master clock source of digital circuit
and ADC. The AD6110A default clock source is specified with n factory-trimmed accuracy
for £3%.

There are options for the internal oscillator to divide into different clock sources through
clock generator. The output frequency of configurable clock generator could dynamically
program the digital operation clock and ADC data rate.

Sensor Fault Detection

For the harsh application environment where safety will be a high priority consideration,
internal diagnostics are becoming part of the industry requirements. The embedded
self-diagnostics in the AFE6160A reduce the need for external components to implement
diagnostics, resulting in an easy and BOM saving solution.
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To help detect a possible sensor malfunction, the device provides internal burnout current
sources. The AFE6160A contains dual internal current sources output to diagnose the
sensor connection status. There are 2 weak output burn-out detection currents, one analog
I/O pin sources current from AVDD to AIN2+/AIN2- and another analog 1/O pin sinks current
from AIN2-/AIN2+ to AVSS. The dual currents are switched to the selected analog pin by
register configuration independently. The burn-out bit will setup when the detection level
over the limiting register setup by user in power-up. The source/sink detection currents will
stimulate the external sensor devices where the generated output voltage could be
monitored by data converter. It could verify that an external sensor is still operational before
attempting to take measurements on the channel.

After the burnout detection currents are enabled, the voltage level of analog I/0O pins could
ensure that it is within the specified operating range. If the detected voltage level is outside
the normal operation range, it could be discriminated the sensor is disconnected or
burn-out by abnormal operation. A near full-scale reading from sourcing burnout current
means the front-end sensor is overloaded or disconnected. On the other side, a near OV
voltage reading from sourcing or sinking burnout currents mean the front-end sensor is
disconnected or external sensor short circuiting. The source/sink burnout currents could be
used as the system diagnostic, we recommended disabling the current sources during
normal operation of data conversion.

The diagnostics lead to a more robust solution for system safety consideration by data
converter operation. Keep in mind that ADC readings of the functional sensor may be
corrupted when the burnout current sources are enabled. Disable the burn out current
sources when performing the precision measurement, and only enable the current sources
while sensor fault condition testing.

Linear Regulators

There is a build-in on-chip linear regulator for analog section to enhance the capability of
supply voltage noise rejection. The regulator could be enabled by register configuration
before data converter active. There are external decoupling capacitors on AVDD pin to filter
high-frequency noise. In power saving mode, designer could turn off the LDO to reduce
power consumption. During LDO disabled, off-chip microcontroller could access the
register data from 12C digital interface.

Digital Filters

The sigma-delta modulator will oversample the input analog signal and shape most of the
noise power outside the signal bandwidth. An on-chip digital filter after data modulator will
filter out the high frequency noise power to minimize the output noise level in interested
bandwidth.
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To ensure the output data will be effective, the digital filter of AFE6160A will be reset without
affecting any of the setup conditions on the device. After reset, the digital filter will start a
new data conversion and decimation without user configuration. The clock of digital filter
will be synchronized with modulator data output. After the decimation filter, there will be a
data ready indicator output, EOC pin. The EOC pin is an open-drain output with an external
pull-up resistor which could be an interrupt signal for microprocessor to access the data
converter output data. The /EOC pin indicates when the conversion is complete. The
settling time and output data rate could be configured by registers.

PDM data input

The devices could input a PDM data from off-chip oversampling sigma-delta modulator,
user could enable AFE6160A internal decimation filter connecting with the external
modulator output data and clocks pins into AIN2+ and AIN2- by digital input configuration.
The modulator digital data will feed into digital decimation with programmable oversampling
ratio to setup the optimized output data rate of specific application. The output data of
digital filter will store in the dedicate register location. Using external controller by 12C
interface can access the registers and read out the data converter digital data.

Local Temperature Sensor

The AFE6160A offers an internal precision temperature sensor. The temperature sensor is
comprised of multi-internal diodes. The difference in current density of diodes yields a
voltage which is proportional to absolute temperature(PTAT). The temperature sensor
measurement could be initiated by the analog input signal multiplexers, VINHMUX[2:0] and
VINLMUX[2:0] switch to 011.

Temperature readings follow the same process as the analog inputs, but only relevant MSB
14 bits are used to indicate the temperature measurement result. 1LSB stands for 0.0625C
in temperature where the MSB is the sign-bit to represent the positive or negative
temperature. The DATA[15:4] is the output data of temperature measurement. DATA[15]
stands for the sign-bit of temperature, 0 represents the junction temperature above 0°C
and 1 represents below 0°C. It is recommended that the PGA gain setup to x1 and disable
burn-out current output when measuring the temperature sensor.
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On-Chip Sensor Switch

A low-side PSW switch connect between AIN2- pin and AVSS. It is a sensor power on/off to
enable sensor current path.

When the sensor stimulus path is active, either in current steering or voltage regulation
mode, there is an on-chip switch need to be turned on. As the on-chip sensor switch is
enabled, the current loop will be closed where the sensor components will output electrical
signals. The higher excitation current for sensor sourcing, the larger output voltage level will
be generated. Since most of the sensor is resistive, to ensure lower power consumption
and self-heating effect, the lower excitation current is desired. On the other side, lower
excitation current results in lower electrical signal output from sensor devices.

However, to minimize self-heating, the excitation current needs to be turned off between
measurements. The designer could turn on the on-chip sensor switch during
measurements and turn off it without data conversion to save power consumption.

The timing is a design factor for the time frame of on-chip sensor switch on/off. It depends
on system specification by different sensor application. Designer needs to determine the
timing configuration to optimize the system performance. Design should balance the
selection of stimulation current, signal gain, reference gain and external components to
ensure that the analog input voltage is being optimized along with tuning the ADC speed to
give better resolution and system performance, and results in lower noise and lower offset
errors.

Operation Mode

Overview

The AFE6160A is a low-noise, low-power and multi-function configurable sigma-delta data
converter which incorporates buffers, reference voltages, programmable gain stages,
internal digital filtering, sensor diagnostics and on-chip temperature sensor. The devices
are intended to applicable into wide dynamic range, low-frequency input signals, scales,
pressure and temperature measurements.

Continuous conversion mode

In normal power-up sequence, continuous conversion mode is in default. AFE6160A
continuously convert with EOC going low each time a conversion is completed. To read a
conversion, the designer initiate a write command by 12C interface. The EOC will toggle
once when another conversion is completed again. The upcoming conversion data will
overwrite the previous one if no external data access is initiated.

One-shot conversion mode
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In one-shot conversion mode, the AFE6160A are placed in standby mode between
conversions. When a one-shot mode conversion is initiated, the device will enable analog
section, perform a single conversion, then return back to standby mode. The most
important is the internal oscillator needs a few ms time to startup and stabilization. After a
one-shot conversion is completed, the EOC will active-low to interrupt external controller to
access conversion data. The register data can be read several times if EOC keeps in low
without cleared. Please do not read the register data when EOC in high state.

Standby mode

In standby mode, most of the analog circuit is disabled with the linear regulator is active
only. It consumes lower current consumption in standby mode but quickly response to the
next data conversion. It could settle the analog signal into a stable stage in a short period of
time to initiate a updated data acquisition.

Power-down mode

The AFEG6160A will stay into power-down mode by set the PWDN bit in register. It will
disable all the enable signals of analog section. The maximum 1uA current will reduce the
power consumption of the devices and last a longer usage life by battery operation.

ADC Digital Data Output

The oversampling sigma-delta modulator could be configured into unipolar or bipolar input,
the digital data output is a binary with 2’complement format. The differential input voltage
with OV will output 0x000000, and a full-scale input voltage results in a code of OxFFFFF.

Elite Semiconductor Microelectronics Technology Inc. Publication Date:OCT. 2022
Revision:0.5 23/41



ESMT AFE6160A

Layout Note and Grounding Guidelines

The AFE6160A have 2 set of power supplies. One voltage (AVDD) supplies power to
analog circuit with external filtering capacitor to immune the system noise, and another
DVDD provides power to digital circuit which could protect and isolate the digital switching
noise from interference the analog circuits and minimizing coupling between analog power
and digital power sections. Decoupling capacitors are important when AFEG6160A operates
in high resolution data conversion. The AVDD pin is referenced to AVSS pin with dual
decoupling capacitor. Decouple AVDD with a 1.5uF capacitor in parallel with a 0.1uF
capacitor to AVSS. The higher capacitance decoupling capacitor could use as a power
supply tank and lower-order capacitor to high-frequency noise filtering. Referring to AVDD
power lines, the digital power lines DVDD pin is reference to DVSS pin as the same
function and connection with AVDD and AVSS pins.The power lines are necessary to use
as wide trace as possible to have lower impedance path to reduce the voltage drop and
glitches on power lines.

The analog signal inputs and reference voltage input are differential and referred to
common-mode voltage. There is a common-mode voltage filtering capacitor pin to filtering
out the high-frequency noises. Because of differential input signals, the high common-mode
rejection of the AFE6160A removes common-mode noise on the analog input signals. The
analog ground plane should pave under AFE6160A to ensure that the noisy signal will not
couple into the device. Designer should avoid to routing digital signals under the device or
running in parallel in sensitive signals because these traces will couple noise onto the
device or analog and reference signals.

The sigma-delta modulator architectures implement oversampling and using noise shaping
techniques to move the low-frequency noise forward higher frequency band. The digital
filter after modulator removes the noise from the analog and reference inputs. The notch
frequency of digital filter is configurable adapting to different applications which immune to
noise interference than conventional Nyquist rate data converters. Because of high
resolution and low noise levels from AFE6160A, care must be taken regarding grounding
placement and layout floorplan.

The ground and power traces around AFE6160A should be separated on PCB which is
sensitive to any switching noise. With large ground planes with multi-through holes and
shorter return path to reduce the ground impedance could minimize the disturbance voltage.
Also, the shielding technique could protect the sensitive analog input and reference input
signals from noisy environment. Digital interface clock and data signals are fast switching
traces, using ground shield to prevent radiating noise to other sections of the PCB. Please
be noted that never run digital signals near the analog and reference input signals.
Double-sided board with large ground plane is preferred to have the best performance.

The layout engineer must ensure that the paths for all return currents are as close as
possible to the paths the currents took to reach their destinations.
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Application Information (Weight Scale and R-type Bridge sensors)
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Application Information (IR Thermalpile sensors and RTD sensors)
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Register Summary

Register ADD R/W Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Default
0x00 R DATA_R[7:0] 0x00
DATA_R 0x01 R DATA_R[15:8] 0x00
0x02 R DATA_R[23:16] 0x00
0x03 R DATA[7:0]
DATA 0x04 R DATA[15:8]
0x05 R DATA[23:16]
OSR 0x18 R/W - - - OSR[1:0] - - - 0x00
ENCFG 0x19 R/W - - ENBODN | ENBODP | EMPDET | ENVCM ENLDO ENBIAS 0x00
SIGMUX 0x1A R/W - - - - - INCH1 INCHO - 0x00
SIGCFG 0x1B R/W ENMUX - VIL[2:0] VIH[2:0] 0x00
REFCFG 0x1C RIW - - - - VRL[1:0] VRH[1:0] 0x00
IDACCFG 0x1D R/W - - PSW - DAC2N DAC1N DAC2P DAC1P 0x00
PGACFG Ox1E R/W - VRBUF ENPGACH INBUF - PGAGNI2:0] 0x00
ADCCFG Ox1F R/W ENADC ENADCCH VRGNJ[1:0] ADCGN[3:0] 0x00
DCSET 0X20 R/W - - - - - DCSETI[2:0] 0x00
VBGCFG 0x21 R/W - - - - - ENDEM | ENSNSCH | ENVBG 0x00
IDAC1 0x22 R/W ENIDAC1 IDAC1[6:0] 0x00
IDAC2 0x23 R/W ENIDAC2 IDAC2[6:0] 0x00
SYSCLK 0x24 R/W - CLKDIV[2:0] - - - ENHSRC 0x01
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Raw Data

Register

Without post-calibration, the output data of sigma-delta converter will have gain error and
offset error from system offset and impedance mismatch. During wafer and packaged

testing, AFE6160A will manufacture in factory calibrated flow to remove the DC errors. The

RWADATA are testing only registers and it is useless for users.

Register | Address R/W | Description Default
DATA RL 0x00 R Low-byte of 24-bit sigma-delta converter raw data 0x00
DATA_RM 0x01 R Medium-byte of 24-bit sigma-delta converter raw data 0x00
DATA_RH 0x02 R High-byte of 24-bit sigma-delta raw data 0x00
Bits Bit Name Description
[7:0] Low-byte of ADC raw data
[15:8] DATA R Medium-byte of ADC raw data
[23:16] High-byte of ADCraw data

ADC Data Register

It is a ADC data output after gain error and offset error cancellation. User could read the 3

bytes ADC data registers from ADCDATA[23:0].

Register | Address R/IW Description Default
DATA L 0x03 R Low-byte of 24-bit sigma-delta converter data 0x00
DATA_M 0x04 R Medium-byte of 24-bit sigma-delta converter data 0x00
DATA_H 0x05 R High-byte of 24-bit sigma-delta data 0x00
Bits Bit Name | Description
[7:0] Low-byte of ADC data
[15:8] DATA Medium-byte of ADC data
[23:16] High-byte of ADC data
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Oversampling Ratio Register

It is a ADC data output after gain error and offset error cancellation. User could read the 3
bytes ADC data registers from ADCDATA[23:0].

Register Offset RW Description Default
OSR 0x18 R/W OSR Register 0x00
Bits Bit Name Description

[7:4] Reserved

Oversampling ratio of data converter

00 : OSR = 512
[3:2] OSR 01 : OSR = 256

10 : OSR= 128

11 : OSR= 1024
[1:0] AVG —
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ENCFG Register

It is an analog front end fundamental block configuration. The register controls the sensor
diagnostic excitation signals, voltage bias, current bias and LDO enabled.

Register | Address R/W Description Default
ENCFG 0x19 R/W Analog front-end configuration register 0x00
Bits Bit Name Description

[7:6] Reserved -

Constant sink excitation current control
[5] ENBODN | O : Excitation sink current disabled
1 : Excitation sink current enabled

Constant source excitation current control
[4] ENBODP | O : Excitation source current disabled
1 : Excitation source current enabled

Power supply monitoring function control
[3] ENPDET 0 : Power supply monitoring disabled
1 : Power supply monitoring enabled

VCM function configuration
[2] ENVCM 0 : Common-mode voltage generator disabled
1 : Common-mode voltage generator enabled

LDO circuit configuration
1] ENLDO 0 : Voltage regulator disabled
1 : Voltage regulator enabled

Current bias control
[0] ENBIAS 0 : Current bias circuit disabled
1 : Current bias circuit enabled
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Analog Input Multiplexer Register

It is a ADC data output after gain error and offset error cancellation. User could read the 3
bytes ADC data registers from ADCDATA[23:0].

Register Offset RW Description Default
SIGMUX Ox1A R/W Analog input multiplexer register 0x00
Bits Bit Name Description

[7:3] Reserved —

Analog input multiplexer configuration

00 : Differential analog input signals go-through

[2:1] INCH 01 : Differential signals connect to positive terminal input
10 : Differential signals connect to negative terminal input
1 : Differential analog input signals crossover

[0] Reserved —

Input Signal Multiplexer Register

The 3 channels differential analog input signal could be configured individually by 4 bits in
SIGCFG register. The VRL controls the negative terminal input signals and VRH controls
the positive terminal input signals.

Register Offset RW Description Default

SIGCFG 0x1B R/W Input signal multiplexer register 0x00

Bits Bit Name Description

Multiplexer control

0 : input multiplexer disabled. All the input switches are disconnected from 1/O
pins to internal circuits

1 : Multiplexer control active

[7] ENMUX

Inverting terminal signal path configuration
000 : Channel 1

001 : Channel 2

010 : Channel 3

011 : Temperature measurement

100 ~ 111 : Reserved

[5:3] VRL

Non-inverting terminal signal path configuration
000 : Channel 1

001 : Channel 2

010 : Channel 3

011 : Temperature measurement

100 ~ 111 : Reserved

[2:0] VRH
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Reference Voltage Input Multiplexer Register

It is a ADC data output after gain error and offset error cancellation. User could read the 3
bytes ADC data registers from ADCDATA[23:0].

Register Offset RW Description Default

REFCFG 0x1C R/W Reference voltage multiplexer register 0x00

Bits Bit Name Description

[7:4] Reserved —

Inverting terminal of analog differential input

00 : Channel 0, connecting to reference 1/0 pins, RINO-

[3:2] VRL[1:0] 01 : Channel 1, connecting to reference 1/0 pins, RIN1-

10 : Channel 2, connecting to analog ground, OV

11 : Channel 3, connecting to low-side of TEMP reference voltage

Noninverting terminal of analog differential input

00 : Channel 0, connecting to analog I/O pins, RINO+

[1:0] VRHI[1:0] 01 : Channel 1, connecting to analog I/O pins, RIN1+

10 : Channel 2, connecting to internal 1.2V reference voltage

11 : Channel 3, connecting to high-side of TEMP reference voltage
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IDAC Confiquration Register

It is an IDAC output channel configuration. The IDAC1 and IDAC2 switches individually to
CH2 noninverting terminal and CHZ2 inverting terminal. User could allocate the IDAC output
in dedicated channel by the register.

Register | Address R/IW Description Default

IDACCFG 0x1D R/W IDAC output channel configuration register 0x00

Bits Bit Name Description

[7:6] Reserved —

Sensor switch (Connects to inverting input of CH2)
[5] PSW 0 : Sensor switch dis-connected
1 : Sensor switch connects to VSS

[4] Reserved -

IDAC2 switch2 control
[3] DAC2N 0 : IDAC2 switch disconnects from inverting terminal of analog input
1 : IDAC2 switch connects to inverting terminal of analog input

IDAC1 switch2 control
[2] DAC1N 0 : IDAC1 switch disconnects to inverting terminal of analog input
1 : IDAC1 switch connects to inverting terminal of analog input

IDAC2 switch1 control
1] DAC2P 0 : IDAC2 switch disconnects to noninverting terminal of analog input
1 : IDAC2 switch connects to noninverting terminal of analog input

IDAC1 switch1 control
[0] DAC1P 0 : IDAC1 switch disconnects to noninverting terminal of analog input
1 : IDAC1 switch connects to noninverting terminal of analog input

Elite Semiconductor Microelectronics Technology Inc. Publication Date:OCT. 2022
Revision:0.5 33/41



ESMT AFE6160A

PGACFG Register

PGACFG configures the PGA amplifier and reference voltage buffer circuits. The buffer
configuration register controls the enable and disable of analog input buffer, reference input
buffer and programmable gain amplifier.

Register | Address R/IW Description Default
PGACFG Ox1E R/W 1st gain stage amplification configuration 0x00
Bits Bit Name Description
[7] Reserved | —

Reference voltage input buffer control
[6] VRBUF 0 : Reference voltage input without buffer
1 : Reference voltage input with buffer

PGA and analog input buffer chopper enable
(5] ENPGACH | 0 : Disable

1 : Enable

PGA and analog input buffer enable
[4] INBUF 0 : Disable

1 : Enable
[3] Reserved —

1st stage gain factor configuration
000 : x1

001 : x2

010 : x4

[2:0] PGAGN 011 : x8

100 : x16

101 : x32

110 : x64

111 : x128
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ADC Configuration Register
The ADC configuration register program the data converter operation scaling.

Register | Address R/IW Description Default
ADCCFG Ox1F R/W ADC configuration registoer 0x00

Bits Bit Name Description

ADC conversion enable
[71 ENADC 0 : Disable
1 : Enable

ADC conversion chopper enable
[6] ENADCCH | 0 : Disable
1 : Enable

Reference input voltage gain configuration
00 : x1

[5:4] VRGN 01:x1/2

10 : x3/4

11 : x1/4

2" stage gain factor configuration
0000 : x1
0001 : x2
0010 : x3
0011 : x4
0100 : x5
0101 : x6
0110 : x7
[3:0] ADCGN 0111 : x8
1000 : x9
1001 : x10
1010 : x11
1011 : x12
1100 : x13
1101 : x14
1110 : x15
1111 : x16
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ADC DCSET Register

The ADC DCSET register program the analog input offset voltage and reference voltage
gain of data converter.

Register | Address R/W Description Default
DCSET 0x20 R/W DC input offset register 0x00
Bits Bit Name Description

[7:3] Reserved —

PGA and analog input buffer chopper enable
000 : Normal

001 : 1/12xVREF input dc offset

010 : 2/12xVREF input dc offset

[2:0] DCSET 011 : 3/12xVREF input dc offset

100 : 4/12xVREF input dc offset

101 : 5/12xVREF input dc offset

110 : 6/12xVREF input dc offset

111 : 7/12VREF input dc offset

VBGCFG Register

It is an analog input amplifier gain stage configuration. The PGAGN][2:0] sets the gain of the
instrumentation amplifier. The ADCGN[3:0] configures the 2"? gain stage amplifier.

Register | Address R/W Description Default
CONF 0x21 R/W Reference voltage and T sensor configuration register 0x00
Bits Bit Name | Description

[7:3] Reserved —

DEM enable control

[2] ENDEM 0 : Disable
1 : Enable

Temperature sensor chopper enabled

[1] ENSNSCH | O : Disable
1 : Enable

Temperature sensor enabled

[0] ENTMPSNS | O : Disable
1 : Enable
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IDAC1 Register
IDAC1 constant output current control register.

Register | Address R/IW Description Default
IDAC1 0x22 R/W IDAC1 constant source current control register 0x00
Bits Bit Name Description

IDAC1 enable control
[71 ENIDACA1 0 : IDAC1 disabled
1 : IDAC1 enabled

IDAC1 constant output current control
00000 : 0

00001 : 10uA

[6:0] IDAC1 00010 : 25uA

10000 : 800UA

111111 : 1600uA

IDAC2 Register
IDAC2 constant output current control register.

Register | Address R/IW Description Default
IDAC2 0x23 R/W IDAC2 constant source current control register 0x00
Bits Bit Name Description

IDAC2 enable control
[71 ENIDAC2 0 : IDAC2 disabled
1 : IDAC2 enabled

IDAC2 constant output current control
00000 : 0

00001 : 10uA

[6:0] IDAC2 00010 : 25uA

10000 : 800UA

111111 : 1600uA
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System Clock Register
The SYSCLK register configures the data converter clock and system clock enabled.

Register | Address R/IW Description Default

SYSCLK 0x24 R/W System clock configuration register 0x00

Bits Bit Name Description

[7] Reserved —

System clock to ADC clock divider
000 : ADC clock is master clock

001 : divide-by-2

010 : divide-by-4

[6:4] CLKDIV 011 : divide-by-8

100 : divide-by-16

101 : divide-by-32

110 : reserved

111 : reserved

[3:1] Reserved —
System clock enabled
0 ENHSRC 0 : disabled
1 : enabled
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INTSTAT Register

Interruption state indication register to indicate the chip reset status.

Register | Address R/IW Description Default
INSTAT 0x25 R/W Interrupt flag and EOC polarity register 0x00
Bits Bit Name | Description
Interrupt flag

71 INTF 0 : Converter is under conversion
1 : DATA is ready to be read
Sensor signal Lo-level Interrupt

[6] SNSL 0 : Sensor signal above low-level threshold
1 : Sensor signal below low-level threshold
Sensor signal Hi-level Interrupt

[5] SNSH 0 : Sensor signal below high-level threshold
1 : Sensor signal above low-level threshold

[6:2] Reserved —
EOC polarity control

[1] POL 0 : EOC pin open-drain output with active 0
1 : EOC pin open-drain output with active 1
Interrupt output enable

[0] INTEN 0 : Disable interrupt function
1 : Enable interrupt function

Elite Semiconductor Microelectronics Technology Inc.
Revision:0.5

Publication Date:OCT. 2022

39/41



ESMT AFE6160A

Package Outline Dimensions

C0.35X45
! i u!u ]
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D
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A
UNIT : mm
SYMBOLS MIN. NOM. MAX
A 0.70 0.75 0.80
A1 0 0.02 0.05
A3 0.20 REF.
B 0.18 0.25 0.30
D 2.90 3.00 3.10
E 2.90 3.00 3.10
e 0.50 bsc.
L 0.30 0.35 0.40
K 0.20 — —
UNIT : mm
D2 E2
Exposed PAD MIN. NOM. MAX. MIN. NOM. MAX.
1.7x1.7 1.6 1.7 1.8 1.6 1.7 1.8
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Important Notice

All rights reserved.

No part of this document may be reproduced or duplicated in any form or by any means
without the prior permission of ESMT.

The contents contained in this document are believed to be accurate at the time of
publication. ESMT assumes no responsibility for any error in this document, and reserves
the right to change the products or specification in this document without notice.

The information contained herein is presented only as a guide or examples for the
application of our products. No responsibility is assumed by ESMT for any infringement of
patents, copyrights, or other intellectual property rights of third parties which may result
from its use. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of ESMT or others.

Any semiconductor devices may have inherently a certain rate of failure. To minimize risks
associated with customer's application, adequate design and operating safeguards against
injury, damage, or loss from such failure, should be provided by the customer when making
application designs.

ESMT's products are not authorized for use in critical applications such as, but not limited
to, life support devices or system, where failure or abnormal operation may directly affect
human lives or cause physical injury or property damage. If products described here are to
be used for such kinds of application, purchaser must do its own quality assurance testing
appropriate to such applications.
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