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Simplified Schematic
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Table 1 lists the order information.
Table 1. Order Information

ouTPUT AC | NOISE, OP.
ORDER NUMBER(™ g)' PACKAGE RES%#;'ON DATA | RESPIRATION Aﬁ:'éée LEAD- | G =6 FEATURES TEMP | MARK | RATING | MsL OFF,’I1<'I%N
RATE OFF | (HVer) (°C)

Company
Logo
AFE954
XXXXXXB

Company
Logo
AFE956
XXXXXX®

Company
Logo
AFE958
XXXXXX@)

Company
Logo
AFE959
XXXXXX®

AFE954ABGA64 4 BGA-64 24 250/32k Y Y Y 49 RESP, WCT, DAC | -40-85 Industrial | 3 | T/R-1000

AFE956ABGA64 6 BGA-64 24 250/32k Y Y Y 49 RESP, WCT, DAC | -40-85 Industrial | 3 | T/R-1000

AFE958ABGA64 8 BGA-64 24 250/32k Y Y Y 49 RESP, WCT, DAC | -40-85 Industrial | 3 T/R-1000

AFE959ABGA64™ | 8 BGA-64 24 125/64k Y Y Y 49 RESP, WCT, DAC | -40-85 Industrial | 3 | T/R-1000

Table 2. Family Selection Guide

OUTPUT AC | NOISE, OP.
ORDER NUMBER() g')' PACKAGE RESC(’BL#;'ON DATA | RESPIRATION A";ﬁge LEAD- | G=6 FEATURES TEMP MARK | RATING | MSL OF;'%N
RATE OFF | (uVer) °C)

Company
Logo
AFE924
XXXXXXB

Company
Logo
AFE926
XXXXXX@)

Company
Logo
AFE928
XXXXXXB

Company
Logo
AFE924
XXXXXX®

Company
Logo
AFE926
XXXXXX®

Company
Logo
AFE928
XXXXXX®)

Company
Logo
AFE944
XXXXXX®)

Company
Logo
AFE946
XXXXXXEB)

Company
Logo
AFE948
XXXXXX@)

Company
Logo
AFE949
XXXXXXE®)

Company
Logo
AFE944
XXXXXX®)

Company
Logo
AFE946
XXXXXXE®)

Company
Logo
AFE948
XXXXXX®)

Company
Logo
AFE949
XXXXXX®)

AFE924AQFP64 4 QFP-64 24 125/8k N Y N 8 WCT, DAC -40-85 Industrial | 3 | T/R-1000

AFE926AQFP64 6 QFP-64 24 125/8k N Y N 8 WCT, DAC -40-85 Industrial | 3 | T/R-1000

AFE928AQFP64 8 QFP-64 24 125/8k N Y N 8 WCT, DAC -40-85 Industrial | 3 | T/R-1000

AFE924ABGA64 4 BGA-64 24 125/8k N Y N 8 WCT, DAC -40-85 Industrial | 3 | T/R-1000

AFE926ABGA64 6 BGA-64 24 125/8k N Y N 8 WCT, DAC -40-85 Industrial | 3 | T/R-1000

AFE928ABGA64 8 BGA-64 24 125/8k N Y N 8 WCT, DAC -40-85 Industrial | 3 | T/R-1000

AFE944AQFP64 4 QFP-64 24 250/32k N Y Y 6 WCT, DAC -40-85 Industrial | 3 | T/R-1000

AFEQ46AQFP64 6 QFP-64 24 250/32k N Y Y 6 WCT, DAC -40-85 Industrial | 3 T/R-1000

AFE948AQFP64 8 QFP-64 24 250/32k N Y Y 6 WCT, DAC -40-85 Industrial | 3 | T/R-1000

AFE949AQFP642) 8 QFP-64 24 125/64k N Y Y 6 WCT, DAC -40-85 Industrial | 3 T/R-1000

AFE944ABGA64 4 BGA-64 24 250/32k N Y Y 6 WCT, DAC -40-85 Industrial | 3 | T/R-1000

AFE946ABGA6A 6 BGA-64 24 250/32k N Y Y 6 WCT, DAC -40-85 Industrial | 3 | T/R-1000

AFE948ABGA64 8 BGA-64 24 250/32k N Y Y 6 WCT, DAC -40-85 Industrial | 3 | T/R-1000

AFE949ABGA64™ | 8 BGA-64 24 125/64k N Y Y 6 WCT, DAC -40-85 Industrial | 3 | T/R-1000

© 2024 AnalogySemi Ltd. All Rights Reserved. Confidential www.analogysemi.com | Page 3 of 118



AFEP54/AFE956/NFEF58/NFEP59
RI0FE. 8 @IE. 24 (U ADNERRINETIH

ouTPUT AC | NOISE, OP.
ORDER NUMBER® &H PACKAGE RES%#T'ON DATA | RespiRATON | ARALOC | EAD- | G =6 FEATURES TEMP | MARK | RATING | MsL
) ) RATE OFF | (uvPP) ¢C)

PKG.
OPTION

Company
Logo
AFE964
XXXXXXG

Company
Logo
AFE966
XXXXXX@)

Company
Logo
AFE968
XXXXXX@)

Company
Logo
AFE964
XXXXXX®

Company
Logo
AFE966
XXXXXX@)

Company
Logo
AFE968
XXXXXXB

Company
Logo
AFE914
XXXXXX@)

Company
Logo
AFE916
XXXXXXB

Company
Logo
AFE918
XXXXXX®

Company
Logo
AFE914
XXXXXX@)

Company
Logo
AFE916
XXXXXX®)

Company
Logo
AFE918
XXXXXX@)

Company
Logo
AFE934
XXXXXXE@)

Company
Logo
AFE936
XXXXXX@)

Company
Logo
AFE938
XXXXXX®

Company
Logo
AFE904
XXXXXX®)

Company
Logo
AFE906
XXXXXX®

Company
Logo
AFE908
XXXXXXE@)

Company
Logo
AFEQ04
XXXXXX@)

Company
Logo
AFE906
XXXXXX®)

Company
Logo
AFE908
XXXXXX®

AFE964AQFP64 4 QFP-64 24 125/32k N N Y 1.5 DAC -40-85 Industrial 3 | T/R-1000

AFE966AQFP64 6 QFP-64 24 125/32k N N Y 1.5 DAC -40-85 Industrial 3 | T/R-1000

AFE968AQFP64 8 QFP-64 24 125/32k N N Y 1.5 DAC -40-85 Industrial 3 | T/R-1000

AFE964ABGA64 4 BGA-64 24 125/32k N N Y 1.5 DAC -40-85 Industrial 3 | T/R-1000

AFE966ABGA64 6 BGA-64 24 125/32k N N Y 1.5 DAC -40-85 Industrial 3 | T/R-1000

AFE968ABGA64 8 BGA-64 24 125/32k N N Y 1.5 DAC -40-85 Industrial 3 | T/R-1000

AFE914AQFP64 4 QFP-64 16 125/8k N Y N 12 wcCrt -40-85 Industrial 3 | T/R-1000

AFE916AQFP64 6 QFP-64 16 125/8k N Y N 12 wcCrt -40-85 Industrial 3 | T/R-1000

AFE918AQFP64 8 QFP-64 16 125/8k N Y N 12 wcCrt -40-85 Industrial 3 | T/R-1000

AFE914ABGA64 4 BGA-64 16 125/8k N Y N 12 wcCrt -40-85 Industrial 3 | T/R-1000

AFE916ABGA64 6 BGA-64 16 125/8k N Y N 12 wcCrt -40-85 Industrial 3 | T/R-1000

AFE918ABGA64 8 BGA-64 16 125/8k N Y N 12 wcCrt -40-85 Industrial 3 | T/R-1000

AFE934ABGA64® | 4 BGA-64 24 125/8k Y Y N 8 RESP, WCT, DAC | -40-85 Industrial 3 | T/R-1000

AFE936ABGA64™ | 6 BGA-64 24 125/8k Y Y N 8 RESP, WCT, DAC | -40-85 Industrial 3 | T/R-1000

AFE938ABGA64® | 8 BGA-64 24 125/8k Y Y N 8 RESP, WCT, DAC | -40-85 Industrial 3 | T/R-1000

AFEQO4AQFP64™ | 4 QFP-64 24 62.5/8k N Y N 9 wcCrt -40-85 Industrial 3 | T/R-1000

AFE906AQFP64 | 6 QFP-64 24 62.5/8k N Y N 9 wcCrt -40-85 Industrial 3 | T/R-1000

AFEQO8AQFP64™ | 8 QFP-64 24 62.5/8k N Y N 9 wcCrt -40-85 Industrial 3 | T/R-1000

AFEQ04ABGA64™ | 4 BGA-64 24 62.5/8k N Y N 9 wcCTt -40-85 Industrial 3 | T/R-1000

AFE906ABGA64™ | 6 BGA-64 24 62.5/8k N Y N 9 wCTt -40-85 Industrial | 3 | T/R-1000

AFEQO8ABGA64™ | 8 BGA-64 24 62.5/8k N Y N 9 wcCrt -40-85 Industrial 3 | T/R-1000
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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.

Note 1:

Order Number
AFE9xx-Package Code

\ Il |
I— Package Code

Device

Note 2: Available in the future.
Note 3: "XXXXXX": For internal use.
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4. PIN CONFIGURATION AND FUNCTIONS

Figure 1 illustrates the pin configuration.

BGA-64
Top View, Solder Bumps on Bottom Side
H G F E D C B A
INTP IN2P IN3P IN4P IN5P IN6P IN7P IN8P
O @ ) @ ) ) @ ) 1
INTN IN2N IN3N IN4N INSN IN6N IN7N INSN
S ) ) ) ) ) ) |2
TESTN_ TESTP_
VREFP VCAP4  PACE_OUT2 PACE_OUTI WCT RLDINV RLDOUT RLDIN
OO O S O O O O
RESP_
VREFN ~ RESP_MODP MODN RESVI_XOUT  AVSS RLDREF AVDD AVDD
® ) ) ) ) ® ) )| e
VCAPI PWDN GPIO1 GPIO4 AVSS AVSS AVSS AVSS
Q0 O D D O O Qs
VCAP2 RESET DAISY_IN GPIO3 DRDY AVDD AVDD AVDD
) ) S ) ) ) ) ()] e
XIN START Cs GPIO2 DGND DGND VCAP3 AVDDI1
S R O R R O R O O R O I
DIN CLK SCLK DOUT DVDD DVDD CLKSEL AVSS1
() () () ) ) ) ) ) 8
Figure 1. Pin Configuration
Table 3 lists the pin functions.
Table 3. Pin Functions
PIN POSITION TYPE DESCRIPTION
IN8P(H 1A Analog input Differential analog positive input 8 (AFE958, AFE959)
IN7PM 1B Analog input Differential analog positive input 7 (AFE958, AFE959)
IN6PM 1C Analog input Differential analog positive input 6 (AFE956, AFE958, AFE959)
INSP(H 1D Analog input Differential analog positive input 5 (AFE956, AFE958, AFE959)
IN4P™ 1E Analog input Differential analog positive input 4
IN3PM 1F Analog input Differential analog positive input 3
IN2P( 1G Analog input Differential analog positive input 2
INTP( TH Analog input Differential analog positive input 1
INSN 2A Analog input Differential analog negative input 8 (AFE958, AFE959)
IN7N™ 2B Analog input Differential analog negative input 7 (AFE958, AFE959)
IN6ND 2C Analog input Differential analog negative input 6 (AFE956, AFE958, AFE959)
INSN(M 2D Analog input Differential analog negative input 5 (AFE956, AFE958, AFE959)
INAN® 2E Analog input Differential analog negative input 4

Page 6 of 118 | www.analogysemi.com
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PIN POSITION TYPE DESCRIPTION
IN3NM 2F Analog input Differential analog negative input 3
IN2NM 2G Analog input Differential analog negative input 2
INTND 2H Analog input Differential analog negative input 1
RLDIN® 3A Analog input Right leg drive input to mux
RLDOUT 3B Analog output | Right leg drive output
RLDINV 3C inpﬁ/"c')z?put Right leg drive inverting input
WCT_IO 3D Analog output | Wilson central terminal output
TESTP_PACE_OUTI® 3E in:LTt?llo?Jgf]fer Inte_rnql ’rest_ signal or single-ended buffer output based on
output register settings
TESTN_PACE_OUT2( 3F inp'trt]%zgput Irr;tgirs?srl ;z:rti rs‘.ganl or single-ended buffer output based on
VCAP4 3G — Analog bypass capacitor; connect 1uF capacitor to AVSS
VREFP 3H inpAL‘::/Gol?thput Positive reference input/output voltage
AVDD 4A Supply Analog supply
AVDD 4B Supply Analog supply
RLDREF 4C Analog input Right leg drive non-inverting input
AVSS 4D Supply Analog ground
RESV1/XOUT 4E Digital input Reserved for future use; must tie fo logic low (DGND)).
RESP_MODN 4F Analog output | Modulation clock for respiration measurement, negative side.
RESP_MODP 4G Analog output | Modulation clock for respiration measurement, positive side.
VREFN 4H Analog input Negative reference voltage
AVSS 5A Supply Analog ground
AVSS 5B Supply Analog ground
AVSS_VDAC 5C Supply Analog ground
AVSS 5D Supply Analog ground
GPIO4 5E inpla;?gl?tlput General-purpose input/output pin 4
GPIO1 5F inpla;?cl:l?tlput General-purpose input/output pin 1
PWDN 5G Digital input Power-down pin; active low
VCAPI1 5H — Analog bypass capacitor; connect 22uF capacitor to AVSS
AVDD 6A Supply Analog supply
AVDD 6B Supply Analog supply
AVDD 6C Supply Analog supply
DRDY 6D Digital output Data ready; active low
GPIO3 6E ian;/ggStlput General purpose input/output pin 3
DAISY_IN® 6F Digital input Daisy-chain input; if not used, short to DGND.
RESET 6G Digital input System-reset pin; active low
VCAP2 6H — Analog bypass capacitor; connect 1uF capacitor to AVSS
AVDDI1 7A Supply Analog supply for charge pump
Analog bypass capacitor; internally generated AVDD + 1.9V;
VCAP3 7B — .
connect 1uF capacitor to AVSS
DGND 7C Supply Digital ground
DGND 7D Supply Digital/IO ground
GPIO2 7E inpla;/ch:Stlput General-purpose input/output pin 2
CSs 7F Digital input SPI chip select; active low
START 7G Digital input Start conversion
DGND/XIN 7H Supply Digital ground
AVSS1 8A Supply Analog ground for charge pump

© 2024 AnalogySemi Ltd. All Rights Reserved.
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PIN POSITION TYPE DESCRIPTION
CLKSEL 8B Digital input Master clock select
DVDD 8C Supply Digital power supply

DVDD 8D Supply Digital power supply, I/O power supply

DOUT 8E Digital output SPI data output

SCLK 8F Digital input SPI clock

CLK 8G . Digital External Master clock input or internal clock output

input/output
DIN 8H Digital input SPI data input

Note 1. Connect unused pins to AVDD.
Note 2: When DAISY_IN is not used, tie to logic 0.

Page 8 of 118 | www.analogysemi.com
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5. SPECIFICATIONS
5.1 ABSOLUTE MAXIMUM RATINGS

Table 4 lists the absolute maximum ratings of the AFE95x.
Table 4. Absolute Maximum Ratings

PARAMETER DESCRIPTION MIN MAX UNITS

AVDD to AVSS -0.3 7.0

Power Supply Voltage AVSS to DGND -3 0.2
DVDD to DGND -0.3 5.0
VREFP input to AVSS AVSS - 0.3 AVDD + 0.3 \

Analog Input Voltage AVSS - 0.3 AVDD + 0.3

Digital Input Voltage DGND - 0.3 DVDD + 0.3

Digital Output voltage DGND - 0.3 DVDD + 0.3
Momentary 100

Input Current Confinuous 10 mA

Temperature Junction, T, -40 150 oo
Storage, Tsg -60 150

Note: Stresses beyond those listed under Table 4 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 6. Exposure to absolute-maximum-rated conditions
for extended periods may affect device reliability.

5.2 €SD RATINGS

Table 5 lists the ESD ratings of the AFE95x.
Table 5. ESD Ratings

PARAMETER | SYMBOL DESCRIPTION VALUE | UNITS
Electrostatic v Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +3500 v

. ESD
Discharge P Charged-device model (CDM), per JEDEC specification JESD22-C101® | 2000

Note 1: The JEDEC document JEP155 indicates that 500V HBM allows safe manufacturing with a standard

ESD control process.
Note 2: The JEDEC document JEP157 indicates that 250V CDM allows safe manufacturing with a standard

ESD control process.

© 2024 AnalogySemi Ltd. All Rights Reserved.
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5.3 RECOMMENDED OPERATING CONDITIONS

Table 6 lists the recommended operating conditions for the AFE95x.
Table 6. Recommended Operating Conditions

PARAMETER symoL| MIN | NOMm MAX UNITS
POWER SUPPLY
Analog Power Supply (AVDD - AVSS) 2.7 3 5.5 \Y
Digital Power Supply (DVDD) 1.65 1.8 3.6 \%
AVDD - DVDD =-2.1 3.6 \%

ANALOG INPUTS

Full-Scale Differential Input Voltage Range (AINP -
AINN)

+Vrer / Gain \

Common-Mode Input Voltage See the INPUT COMMON-MODE RANGE

section
VOLTAGE REFERENCE INPUTS
3V Supply Vger = (VREFP - 25 v

Differential VREFN)

Reference Voltage |5V Supply Vger = (VREFP - 4

VREFN)

Negative Input (VREFN) AVSS \
Positive Input (VREFP) AVSS + 2.5 \
CLOCK INPUT

External Clock Input| -~ yse) pin = 0 1.94 2,048 2.25 MHz
Frequency

DIGITAL INPUTS

Input Voltage DGND DVDD \
TEMPERATURE RANGE

Operating Commercial Grade 0 85 oC
Temperature Range | Industrial Grade -40 125 °C
5.4 THERMAL INFORMATION
Table 7 lists the thermal information for the AFE95x.
Table 7. Thermal Information

PARAMETER SYMBOL BGA-64 UNITS

Junction-to-Ambient Thermal Resistance ReJa 294 °C/W
Junction-to-Board Thermal Resistance ReJs 10.4 °C/W
Junction-to-Top Characterization Parameter Yt 0.2 °C/W
Junction-to-Board Characterization Parameter W 10.27 °C/W
Junction-to-Case (Top) Thermal Resistance ReJc(top) 9.2 °C/W
Junction-to-Case (Bottom) Thermal Resistance ReJc(ooty 7.53 °C/W
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5.5 ELECTRICAL CHARACTERISTICS

Table 8 lists the electrical characteristics of the AFE95x. Minimum and maximum specifications apply for T =
0°C fo 85°C devices. Typical specifications at Ta = 25°C. All specifications at DVDD = 1.8V, AVDD - AVSS = 3V(),
Vrer = 2.4V, external fcix = 2.048MHz, data rate = 500SPS, HR mode®, and gain = 6, unless otherwise noted.

Table 8. Electrical Characteristics

PARAMETER | SYMBOL | CONDITIONS | MmN | v | max | uNits
ANALOG INPUTS
Input
Cgpacitcmce 20 PF
Input Bias Current Ta = 25°C, input = 1.5V 100 pPA
DC Input No lead-off 5000 MQ
Impedance Current source lead-off detection 500 MQ
PGA PERFORMANCE
Gain Settings 1,2,3,4,6,8,12,24
Bandwidth See Table 21
ADC PERFORMANCE
gggoe;ates up to 8kSPS, no missing 04 Bits
Resolution 16kSPS data rate 19 Bits
32kSPS data rate 17 Bits
64KkSPS data rate 16 Bits
fcik = 2.048MHz, HS mode 1000 64000 SPS
Data Rate fcwk = 2.048MHz, HR mode 500 32000 SPS
fcuk = 2.048MHz, LP mode 250 16000 SPS
feik = 2.048MHz, ULP mode 125 8000 SPS
DC CHANNEL PERFORMANCE
Gain = 6®, 10 seconds of data 5 UVpp
Input-Referred Gain = 6, 256 points, 0.5 seconds of data 4 7 MVep
Nolse Gain seftings # 6, data rates # 500SPS See NOISE ME.ASUREMENTS
section
Integral Full-scale with ga?n = 6, best f?f 6 ppm
Nonlinearity® I;ull-scale with gain = 6, best fit, channel 8 ppm
Offset Error +20 9\
Offset Error After calibration +2 [9)Y
Offset Error Drift 5 nVv/°C
Excluding voltage reference error +0.2 0.5 % of FS
Gain Error i?::n]c:r;?rg} excluding voltage +1 % of ES
Gain Drift Excluding voltage reference drift 3 ppm/°C
Gain Match
between 0.3 % of FS
Channels
AC CHANNEL PERFORMANCE
oo e | CMRR | feu = 50Hz, 60Hz® 108 | -123 dB
;Z;’éi;z‘:‘psg;io PSRR | fps = 50Hz, 60Hz 90 dB
Crosstalk fin = 50Hz, 60Hz -140 dB
;‘gf’i‘g"b'm'se SNR | = 10Hz input, gain = 6 110 dB
) 10Hz, -0.5dB FS -108 dB
Total Harmonic THD  [Channel 1, 10Hz, -0.50B FS -95 dB
Distortion®
100Hz, -0.5dB FS®© -120 dB

© 2024 AnalogySemi Ltd. All Rights Reserved. Confidential www.analogysemi.com | Page 11 of 118
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Channel 1, 100Hz, -0.5dB FS® -96.8 dB
Channel 1, 100Hz, —20dB FS® -108.4 dB

DIGITAL FILTER

-3dB Bandwidth 0.262 fpr Hz

Dlgltdl Filter Full seffing 4 Conversio

Settling ns

RIGHT LEG DRIVE (RLD) AMPLIFIER AND PACE AMPLIFIERS

RLD Integrated _

Noise BW = 150Hz 0.9 UVRMS

Pace Integrated _

Noise BW = 8kHz 20 MVrms

Pace-Amplifier -

Crosstalk Crosstalk between pace amplifiers 60 dB

Gain Bandwidth .

Product 50kQ2 || 10pF load, gain =1 100 kHz

Slew Rate 50kQ2 | | 10pF load, gain =1 0.25 V/us
Short circuit to GND (AVDD = 3V) 270 A

/P\‘r’:;iggrd[)'fibz Short circuit to supply (AVDD = 3V) 550 A

Strength Short circuit fto GND (AVDD = 5V) 490 A
Short circuit to supply (AVDD = 5V) 810 WA
Peak swing (AVSS + 0.3V to AVDD + 50 A

Pace and RLD 0.3V) at AVDD = 3V H

Current Peak swing (AVSS + 0.3V to AVDD + 75 A
0.3V) at AVDD = 5V H

Pace-Ampilifier

Output Resistance 100 Q

Total Harmonic .

Distortion fix = 100Hz, gain = 1 -70 dB

Common-Mode AVSS + AVDD - v

Input Range 0.7 0.3

Common-Moqe Internal 200kQ) resistor matching 0.1%

Resistor Matching

Short-Circuit +0.25 mA

Current

Quiescent Power Either RLD or pace amplifier 12 A

Consumption P P H

WILSON CENTRAL TERMINAL (WCT) AMPLIFIER

Integrated Noise BW = 150Hz See Table 22 nV/vHz

Gain Bandwidith See Table 22 kHz

Product

Slew Rate See Table 22 V/s

Offset +500 pv

Total Harmonic

Distortion fin = 100Hz 90 dB

Common-Mode AVSS + AVDD - v

Input Range 0.3 0.3

Short-Circuit Through internal 30kQ resistor +0.25 mA

Current

Qwescenthower See Table 22 LA

Consumption

LEAD-OFF DETECT

Frequency See Table 33 for settings | 0,for/ 4 | kHz

DC Current See Table 33 for settings 5,10, 15, 20 nA

AC Current 2.5, 5,10, 20, 40 nA

Current Accuracy | +20% |

Page 12 of 118 | www.analogysemi.com

Confidential

© 2024 AnalogySemi Ltd. All Rights Reserved.



AFE?254/NAFED56/AFEP58/NAFEP59
RIh#E. 8 @IE. 24 (U AINERIEIF] G

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Comparator
Threshold +30 mV
Accuracy
RESPIRATION
Frequency Internal source 32, 43, 64 kHz
External source 32 43 64 kHz
Phase Shift See Table 33 for setftings 0 112.5 168.75 Degrees
L"(;ﬁgg"”ce lkese = 30UA 10 KQ
Impedance 0.05Hz to 2Hz brick wall filter, 32kHz
Measurement modulation clock, phase = 112.5, Igesp = 20 mQpp
Noise 30uA with 2kQ baseline load, gain = 4
Modulator Internal reference, signal path = 82kQ), 29 LA
Current baseline = 2.21kQ
EXTERNAL REFERENCE
Input Impedance 13.6 kQ
INTERNAL REFERENCE
Register bit CONFIG3.VREF_4V = 0, AVDD
=27V 24 v
Output Voltage Register bit CONFIG3.VREF_4V = 1, AVDD
> 4.4V 4 \%
Vrer ACcuracy +0.03%
Internal Ta=25°C 35 ppm/°C
Reference Drift Industrial grade, -40°C to 85°C 8 ppm
Start-up Time 30 ms
SYSTEM MONITORS
Anqlqg Supply 29
Reading Error
Digitql Supply 29
Reading Error
. From power up to DRDY low 150 ms
Device Wakeup STANDBY mode 9 ms
Temperature
Sensor Reading, Ta=25°C 143.54 mV
Voltage
Temperature
Sensor Reading, 337.64 pv/°C
Coefficient
Test Signal See Table 33 for settings fow / 221, foc / 220 Hz
Frequency ’
I/e;lttgggol See Table 33 for settings il’]*‘f’ mV
ot S
CLOCK
Ié\;roe;T(ogreO;ﬁ!glo\/r Nominal frequency 2.048 MHz
Ta=25°C +0.5%
Internal Clock 0°C =Ta=70°C +2%
Accuracy -40°C < Ta < 85°C, industrial grade +2.5%
versions only -
Internal Oscillator 5 us

Start-up Time
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Internal Oscillator
Power 100 pW
Consumption
DIGITAL INPUT/OUTPUT (DVDD = 1.65V fo 3.6V)
Ug:‘o';ege' Input Vi 0.8 DVDD DVS? * v
\L/%‘fﬁgée' Input Vit -0.1 0.2 DVDD v
\I-/Igth(;l.geevel Output Vo low = ~500A DVEE - v
\L/%‘;%Sée' Outout |y ot = 500uA 0.4 v
Input Current In 0V < VDigitallnput < DVDD -10 10 A
POWER SUPPLY (RLD, WCT, AND PACE AMPLIFIERS TURNED OFF)
AFE959, AVDD — AVSS = 3V, HS mode 3 mA
AFE958, AVDD — AVSS = 3V, HR mode 5 mA
AFE958, AVDD — AVSS = 3V, LP mode® 15 mA
AFE959, AVDD — AVSS = 3V, ULP mode® 2.1 mA
AVDD Current oD A FE9B9. AVDD — AVSS = 5V, HS mode 3.4 mA
AFE958, AVDD — AVSS = 5V, HR mode 57 mA
AFE958, AVDD — AVSS = 5V, LP mode 16 mA
AFE959, AVDD — AVSS = 5V, ULP mode® 2.3 mA
AFE959, DVDD = 1.8V, HS mode 0.2 mA
AFE958, DVDD = 1.8V, HR mode 0.2 mA
AFE958, DVDD = 1.8V, LP mode 0.12 mA
DVDD Current lovoo A FE959, DVDD = 1.8V, ULP mode® 0.15 mA
DVDD = 3V, HR mode 0.37 mA
DVDD = 3V, LP mode 0.27 mA
AFE954, AVDD — AVSS = 3V, HR mode 57 mw
AFE954, AVDD — AVSS = 3V, LP mode . W
(2505PS)
AFE956, AVDD — AVSS = 3V, HR mode 75 mw
AFE956, AVDD — AVSS = 3V, LP mode 53 W
(2505PS)
AFE958, AVDD — AVSS = 3V, HR mode 9.4 mw
AFE958, AVDD — AVSS = 3V, LP mode
Sower Dissingti (2505PS) 6.5 mwW
owerBissipation AFE954, AVDD — AVSS = 5V, HR mode 1.3 mw
AFE954, AVDD — AVSS = 5V, LP mode 53 W
(2505PS)
AFE956, AVDD — AVSS = 5V, HR mode 14.7 mw
AFE956, AVDD — AVSS = 5V, LP mode 0 W
(2505PS)
AFE958, AVDD — AVSS = 5V, HR mode 18.2 mw
AFE958, AVDD — AVSS = 5V, LP mode 125 W
(2505PS)
Sowerbown AVDD - AVSS = 3V 10 W
AVDD - AVSS = 5V 20 W
AVDD — AVSS = 3V 2 mw
Standby Mode AVDD — AVSS = 5V 4 mw
Quiescent AVDD - AVSS = 3V, PGA + ADC 818 W
Channel Power AVDD - AVSS = 5V, PGA + ADC 15 mw

Note 1: Performance is applicable for 5V operation as well. Production testing for limits is performed at 3V.
Note 2: LP mode = Low-power mode.
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Note 3: Noise data measured in a 10-second interval. Test not performed in production. Input-referred noise
is calculated with input shorted (without electrode resistance) over a 10-second interval.

Note 4: The presence of internal demodulation circuitry on channel 1 causes degradation of INL and THD.
The effect is pronounced for full-scale signals and is less for small ECG-type signals.

Note 5: CMRR is measured with a common-mode signal of AVSS + 0.3V to AVDD - 0.3V.The values
indicated are the maximum of the eight channels.

Note 6: Harmonics above the second harmonic are attenuated by the digital filter.
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5.6 TIMING REQUIREMENTS: SERIAL INTERFACE

Table 9 lists the timing requirements (2.7V < IOVDD = 3.6V). Ta = -40°C to +85°C, unless otherwise noted. Load
on Doyt = 20pF || 100kQ.

Table 9.Timing Requirements (2.7V < IOVDD < 3.6V)

PARAMETER SYMBOL | CONDITIONS MIN NOM MAX UNITS

Master Clock Period tew 414 514 ns
CS Low to First SCLK, Setup Time tesse 6 ns
SCLK Period tscic 50 ns
SCLK Pulse Width, High and Low tspwh, L 15 ns
DIN Vo!id to SCLK Falling Edge: torsr 10 ns
Setup Time

l\_llgllg:iTliDr:\;oﬁer SCLK Falling Edge: tomo 10 ns
E High Pulse TCSH 2 tew
Eighth SCLK Falling Edge to CS High tsces 4 ek
Command Decode Time tspecope 4 tew
DAISY_I.N Valid to SCLK Falling Edge: borsciast 10 ns
Setup Time

DAISY_IN Vollid after SCLK Falling borscicomt 10 ns
Edge: Hold Time

Table 10 lists the timing requirements (1.65V < IOVDD < 2.7V). Ta = -40°C to +85°C, unless otherwise noted.
Load on Dour = 20pF || 100kQ.

Table 10. Timing Requirements (1.65V < IOVDD < 2.7V)

PARAMETER SYMBOL | CONDITIONS MIN NOM MAX UNITS
Master Clock Period tew 414 514 ns
CS Low to First SCLK, Setup Time tesse 17 ns
SCLK Period tseic 66.6 ns
SCLK Pulse Width, High and Low tspw, L 25 ns
DIN Valid to SCLK Falling Edge:
Setup Time 959 forsr 10 ns
\H/glllc;:lTliDr:\;cﬁer SCLK Falling Edge: Fomp 1 ns
& High Pulse t(:s|-| 2 tow
Eighth SCLK Falling Edge to CS High tsces 4 e
Command Decode Time tspecooe 4 tewk
DAISY_I.N Valid to SCLK Falling Edge: torscrast 10 ns
Setup Time
DAISY_IN Vol_id after SCLK Falling torscromt 10 ns
Edge: Hold Time
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5.7 SWITCHING CHARACTERISTICS: SERIAL INTERFACE

Table 11 lists the switching characteristics (2.7V < DVDD < 3.6V). Ta = -40°C to +85°C, unless otherwise noted.

Load on Doyr = 20pF || 100kQ.

Table 11. Switching Characteristics (2.7V < DVDD < 3.6V)

PARAMETER SYMBOL | CONDITIONS MIN NOM MAX UNITS
SCLK F.alling Edge to Invalid DOUT: toomn 10 ns
Hold Time
SCLK Ri§ing Edge to DOUT Valid: toopn 17 ns
Setup Time
CS Low to DOUT Driven tcsoop 10 ns
CS High to DOUT Hi-Z tespoz 10 ns

Table 12 lists the switching characteristics (1.65V < DVDD =< 2.7V).Ta = -40°C to +85°C, unless otherwise noted.

Load on Dour = 20pF || 100kQ.

Table 12. Switching Characteristics (1.65V < DVDD < 2.7V)

PARAMETER SYMBOL | CONDITIONS MIN NOM MAX UNITS
SCLK Falling Edge to Invalid DOUT:
Hold Time fooko 10 ns
SCLK Rising Edge to DOUT Valid: t 32 ns
Setup Time DOPD
CS Low to DOUT Driven tcspop 20 ns
CS High to DOUT Hi-Z tespoz 20 ns
few
o TN UL UL UL LA UL
o - e fessc ; —’__r’ tes
CS ()() < ()() SDECODE ()() » ;
ﬂ—tSCLK —p I‘SP,WH —}I g tSPWL —» < tSCCS
SCLK 1 2 31l s ] 1 2 3 |8
< tomp & toorp
— - toist ; & tborp
o TR X T ;
—» fespop —» tespoz
HIZ | -ommmmmmemmmoece e (mmmmmmmmmmeee s ( F;i-z
DOUT N e e e e e e SS' _____________ S(F' >< (:Z>< |

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

Figure 2. Serial Interface Timing
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< tpiscrast

—> a— toiscranr

DAISY_IN_ X MsBo, ¢ 22 1SBor X X X
scik [ ] [ 3| |—%—| [216] [217 [218] [219]
—> «— tborp
pour X MsB X > ><22 X LsB »pon't cargd MSBp; X

NOTE: Daisy-chain timing shown for eight-channel devices.

Figure 3. Daisy-Chain Interface Timing When DAISY_ONE_BIT is ‘T’

—» €= tpisckast (S —Pp la— Toisckant
MSBo ) LSBo,
DAISY_IN X X < X X X P
sctk [ 1] 2 3] |—%—| [216]  [217 [218]  [219]
—> 4— toorp )
pour X Mse X 4 ><2(’ 158 X MSBy X X

NOTE: Daisy-chain timing shown for eight-channel devices.

Figure 4. Daisy-Chain Interface Timing When DAISY_ONE_BIT is ‘0’

Page 18 of 118 | www.analogysemi.com

Confidential

© 2024 AnalogySemi Ltd. All Rights Reserved.



AFE?254/NAFED56/AFEP58/NAFEP59
RI#E. 8 BB, 24 (Y BUNERIRINFIIH

6. TYPICAL CHARACTERISTICS

Ta = 25°C, AVDD = 3V, AVSS = 0V, DVDD = 1.8V, internal VREFP = 2.4V, VREFN = AVSS, external clock = 2.048MHz,
data rate = 500SPS, high-resolution mode, and gain = 6, unless otherwise noted.
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& 200 & 20
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Z 100 L
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Figure 5. Noise Distribution Figure 6. Lead-off Current Source Accuracy Distribution
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Figure 7. Input Referred Noise Figure 8. CMRR vs. Frequency
0 T P T T 111 -60 I I I
ODR = 4kSPS —C =4 Gain=6
-20 e=¢ -70 Frequency = 10Hz " |
-80
& -40
E ~
7] [a)
é T -100 N //\
O -80 ../ /
-110
-100 120
N
-120 -130
10 100 1000 1 2 3 4 5 6 7 8
FREQUENCY (Hz) CHANNEL (CH)
Figure 9. THD vs. Frequency Figure 10. THD vs. Channel
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Figure 17. Leakage Current vs. Temperature
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7. SIMERER

7.1 EFENI=

LB FRIEEERN PGA IREXRML AFE9SX IEEMEEE, FRRIUEERRAIIEMNFINE, REWIAENIMFR. BN
PGA (ERI[ERIINSZIRE, ENEMKFENBREESH, XS ARRIREKFE+2EE, Table 13 # Table 14
DRSEET R 3V RIUBIRIRIES PR (HREIUAERINFE(LP)IEIU T AFE9SxX BIIREERE, Table 15 # Table 16 73
ASEE T 5 5V {RPAEIRAYTE HR #R A LP 30T AFE9Sx RIRAMERE, XELEIEAR Ta = 25°C RRVBRALIZAS 14 ],
RERTHIIESERNERIER FIRE SN SANERBOKRFERNSE R, EXOEMRT 1000 NESIEERT
BE MR RMS MIRIRERE, XMTRMREMIEERER, BEXE| ADC FENIRERRE, RKRSHIHHT,
Itt, RMS I2FESIZIEEIZAE Z BRIELRLN 10, W FRRBIBIERE, ZLERLAN 6.6,

Table 13 = Table 20 R T EARSEEHITUENER, XEBIEEARERRIZEINPEER) AFE9SX RS

ok
BEo

Table 13. Input-Referred Noise uVep in High-Resolution Mode, 3V Analog Supply and 2.4V

Reference
DRO?E'TS ODU;TP ;\" _30B PGA | PGA | PGA | PGA | PGA | PGA | PGA | PGA
BANDWIDTH | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN =
CONFIGT | RATE (H2) ] 2 3 4 6 8 12 24
REGISTER | (SPS)
000 32000 8398 2804.05 | 1405.02 946.63 696.53 468.34 346.02 226.69 112.10
001 16000 4193 716.56 358.67 227.38 169.61 106.60 80.42 52.55 31.10
010 8000 2096 167.17 81.92 55.56 40.87 29.32 23.67 19.34 17.28
011 4000 1048 74.04 37.47 27.53 21.25 16.15 14.28 12.54 11.33
100 2000 524 52.68 27.28 18.49 15.09 11.71 9.92 9.03 8.00
101 1000 262 37.89 19.83 12.59 10.48 8.18 6.96 6.31 5.58
110 500 131 24.91 12.44 8.33 7.21 5.23 4.86 4.21 3.79

A ZE/FER 1000 MESIRECRITE AR RMS FIEIEERAEE,
Table 14. Input-Referred Noise uVep in Low-Power Mode, 3V Analog Supply and 2.4V

Reference
DROBF'TS O[;J;TP /l\” _3dB PGA | PGA | PGA | PGA | PGA | PGA | PGA | PGA
BANDWIDTH| GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN =
CONFIG1 | RATE (H2) ] 2 3 4 6 8 12 24
REGISTER | (SPS)
000 16000 4193 2762.17 | 1393.05 932.69 701.01 454.39 338.55 214.74 101.64
001 8000 2096 727.78 379.95 238.62 177.83 116.93 86.40 53.42 28.98
010 4000 1048 168.02 87.57 56.12 42.52 28.90 22.53 16.83 13.73
011 2000 524 78.13 43.36 28.25 21.78 15.91 13.01 10.78 9.07
100 1000 262 54.28 28.37 19.83 15.69 11.51 9.39 7.65 6.62
101 500 131 37.23 20.08 13.50 10.51 7.21 6.28 5.07 4.30
110 250 65 23.26 12.96 8.91 6.93 495 4.18 3.33 2.90

A EDMER 1000 NMESGRHERITE AR PR RMS MIRIEERSE.
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Table 15. Input-Referred Noise uVep in High-Resolution Mode, 5V Analog Supply and 4V

Reference
DROBF'TS OD%P k" -3dB PGA PGA PGA PGA PGA PGA PGA PGA
BANDWIDTH | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN =
CONFAGT | RATE (Hz) 1 2 3 4 6 8 12 24
REGISTER | (SPS)
000 32000 8398 4663.47 | 2351.66 | 1584.38 | 1173.33 | 777.24 | 576.70 | 389.45 | 188.50
001 16000 4193 1254.08 | 631.42 | 410.14 | 305.41 | 189.71 | 13620 | 85.93 42.96
010 8000 2096 273.47 | 130.81 83.21 61.09 42.22 31.85 22.95 16.83
011 4000 1048 112.74 | 57.56 38.26 29.27 20.05 16.82 13.34 11.33
100 2000 524 73.81 37.53 25.60 20.35 14.41 11.75 9.20 7.66
101 1000 262 48.64 25.48 17.42 13.34 10.21 8.11 6.47 5.37
110 500 131 35.25 17.54 11.72 9.47 6.79 5.42 4.48 3.60

A EDERA 1000 NMESIFHRITE AR PR RMS FIEIEERSE,

Table 16. Input-Referred Noise uVep in Low-Power Mode, 5V Analog Supply and 4V

Reference
DROBF'TS OI;JAT\TP:\" -3dB PGA PGA PGA PGA PGA PGA PGA PGA
BANDWIDTH | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN =
CONFAGT | RATE (Hz) 1 2 3 4 6 8 12 24
REGISTER |  (SPS)
000 16000 4193 4693.34 | 2321.79 | 1557.82 | 1180.81 | 778.91 | 569.23 | 378.66 | 178.11
001 8000 2096 1276.46 | 641.36 | 413.86 | 304.17 | 200.71 | 151.46 | 94.54 43.64
010 4000 1048 26894 | 135.18 | 89.60 67.78 43.11 33.38 22.13 13.90
011 2000 524 118.80 | 62.33 41.69 31.34 21.83 16.84 12.62 9.21
100 1000 262 78.34 43.10 28.39 21.32 14.65 11.54 8.66 6.51
101 500 131 52.93 26.84 19.38 14.13 9.72 7.99 6.10 4.25
110 250 65 33.89 18.97 12.31 9.50 6.57 4.80 3.83 2.90

A EDER 1000 NMESIFHRITE AR PR RMS MIEIEERSE,

Table 17. Input-Referred Noise uVrms in High-Resolution Mode, 3V Analog Supply and 2.4V

Reference
DRO'?E'TS osngP ;\" _30B PGA | PGA | PGA | PGA | PGA | PGA | PGA | PGA
BANDWIDTH | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN =
CONFIGT | RATE (H2) ] 2 3 4 6 8 12 24
REGISTER | (SPS)
000 32000 8398 234.50 117.30 78.64 59.20 39.38 29.61 20.08 10.48
001 16000 4193 44.57 22.55 15.16 11.61 8.05 6.36 4.75 3.40
010 8000 2096 14.00 7.33 5.19 4.14 3.19 2.77 2.40 2.13
011 4000 1048 8.51 4.57 3.27 2.65 2.09 1.86 1.65 1.49
100 2000 524 5.98 3.21 2.30 1.86 1.48 1.30 1.17 1.05
101 1000 262 4.25 2.29 1.63 1.32 1.04 0.92 0.82 0.75
110 500 131 3.02 1.60 1.15 0.93 0.74 0.65 0.58 0.53

A EER 1000 MELSIRIEKRITEARFTE RMS MIEIEERSE.
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Table 18. Input-Referred Noise uVrms in Low-Power Mode, 3V Analog Supply and 2.4V

Reference
DROEI‘E'TS OS’;TP }\" _30B PGA | PGA | PGA | PGA | PGA | PGA | PGA | PGA
BANDWIDTH | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN =
CONFIGT | RATE (H2) ] 2 3 4 6 8 12 24
REGISTER | (SPS)
000 16000 4193 232.83 117.63 78.12 59.11 39.24 29.28 19.64 10.19
001 8000 2096 44.52 22.70 15.28 11.53 7.92 6.10 4.42 2.95
010 4000 1048 14.26 7.70 5.35 4.18 3.05 2.54 2.08 1.73
011 2000 524 8.81 4.86 3.41 2.68 1.98 1.68 1.41 1.21
100 1000 262 6.23 3.42 2.39 1.88 1.40 1.18 1.00 0.85
101 500 131 4.45 2.42 1.69 1.34 0.99 0.84 0.71 0.60
110 250 65 3.13 1.72 1.20 0.94 0.71 0.59 0.49 0.42

A EDERA 1000 NMESIFHRITE AR PR RMS FIEIEERSE,

Table 19. Input-Referred Noise uVrms in High-Resolution Mode, 5V Analog Supply and 4V

Reference
PROITS | OVPYT | _3ap PGA | PGA | PGA | PGA | PGA | PGA | PGA | PGA
BANDWIDTH | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN =
CONFIGT | RATE (H2) ] 2 3 4 6 8 12 24
REGISTER |  (SPS)
000 32000 8398 390.05 | 195.86 | 130.25 | 97.74 65.47 49.03 32.71 16.74
001 16000 4193 71.88 36.41 24.25 18.29 12.37 9.46 6.63 4.00
010 8000 2096 19.32 9.93 6.73 5.28 3.82 3.14 2.54 2.08
011 4000 1048 10.76 5.63 3.91 3.08 2.32 1.98 1.66 1.43
100 2000 524 7.59 3.93 2.74 2.15 1.62 1.38 1.17 1.01
101 1000 262 5.45 2.84 1.96 1.54 1.16 0.98 0.83 0.71
110 500 131 3.99 2.02 1.40 1.10 0.82 0.70 0.59 0.50
A EAMEA 1000 MESEFCRITE AR RMS FIEIEEREE,
Table 20. Input-Referred Noise uVrms in Low-Power Mode, 5V Analog Supply and 4V
Reference
PROITS | OVPYT | _3ap PGA | PGA | PGA | PGA | PGA | PGA | PGA | PGA
BANDWIDTH | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN = | GAIN =
CONFIG1 |~ RATE (H2) ] 2 3 4 6 8 12 24
REGISTER |  (SPS)
000 16000 4193 390.69 | 19456 | 130.45 | 97.36 | 64.82 48.71 32.58 16.58
001 8000 2096 71.57 36.43 24.40 18.30 12.27 9.31 6.40 3.71
010 4000 1048 19.62 10.09 6.97 5.30 3.74 2.98 2.30 1.74
011 2000 524 11.01 5.86 4.02 3.13 2.24 1.84 1.47 1.18
100 1000 262 7.83 4.18 2.87 2.21 1.59 1.30 1.04 0.84
101 500 131 5.66 3.01 2.07 1.59 1.13 0.93 0.74 0.59
110 250 65 4.15 2.19 1.47 1.14 0.81 0.65 0.52 0.42

A EER 1000 MELSIREKITEARRFTE RMS MIEIEERSE.
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8. 1¥4Hi5EH

8.1 i

AFE9SX B EAEM I A MIZIE mMAZR(PGA)BIRINGE. 2Bl TR, 24 U A2 {REELHEZ(ADC), XLEEE
BEMECG THEE, fHIFEERTIY ROEE(ECG). MEEMAEE(EMG)ZH, HXiHAT ECC T AHBHE,
XERFEATAT R, ZREBERERS.

AFE9Sx EEEE A RIZN LIRS As(mux), ATXRIVERE. BIR. BN RLD M=, Lttst, ZRERAFAFEMA
RNBIERE HEESRBIER, AJ MU T EMIEEF LR PGA I 1. 2. 3. 4. 6. 8. 125 24, 234 ADC
1214 250SPS ZE 32kSPS FYHIEIRE, S3FEIBERAS SPI RAMEO, ZaHRMEI-MER GPIO 5|, RIfEA START
SR 212

BARZEERIEN 2.4V T 4V, ABIRHIRSFEINFR N 2.048MHz FIBTHR, ZIHEEA BRIRGH(RLDYIEIR 2Rk B
WRAESHNTFHERERBERDES. LEIER LR ThiBEESE BIRR B RERSHEEON, FiRH
IR BB E I MTNEE, XLERH S IFB B E SR AEREE SN, IR R/RBOIRF(WCTHRE
RATAE 12 S B ECG B9 WCT £,

535h, AFE9Sx THIBIE 1 BfE S ERIZ IR T BRI IR E 25 AN 7 F25 FE BE YL
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8.2 DIREIIRIERE

AVDD  AVSS VREFP VREFN pvDD

Power Supply Signal
LeadkOff Excitation Source

RESP_MODP Infornal
Respiration Test Signal
RESP_MODN Modulator

Tomperature Sorsor nput
— e

%—l SRB2 SW1 l l
NP t ——————( brov
PGAT azADCt |
ININ ! ! -
J — e scik
oo seiswi o0 smaswe l 1 DN
°‘l our
IN2P Moo
PGA2 AZADC2  —
NN ¢ !
%_T SRB1_SW2 [ o— o SRB2SWS l
N3P O—l oo~
PGA3 ATADC3  —
N3N I
e e I
S )
INaN { !
ﬂ/[j SN | - sapsws l Control
Mux 01 crol
INsP o~
GPIO4/RCIKO
PeAS 25ADCs |
GPIO3/RCIKO
INSN l P02
IN6P oo~ e
RESP
PGAG A3 ADCS J ci
IN6N {
*O/OJ SRB1_SW6 w/o_l SRB2 SW7 l PWON
NP L o
PGAT azaDC7 |
T~ RESET
INN it
~o/oj SRB1_SW7 40/0_1 SRB2.SW8 l
INep | S START
PGAS azaDcs |
INBN J l i
e o seel.swe MUX = 1010 with RLD_MEAS = 1
PACE OUT2 RLD_INMUX_SW
SRB2 INMUX_SW L oo o RDoOU AVDD  VREFP
T e
Pin8 ‘ RLD_VREFH_SELINT RLD_VREFH SELINT (VREFP + VREFN) / 2
SRBT_INMUX SW sRe2 kBT
SRB1 Infemal Infernal
Pint7 From WCT
P AMPOUT AVDD + AVSS) /
8 S
] = =
PACE_OUTI 278 s K [
g 8 2 Gl
WCT_SW5 g = 57\ 1'%
2l 2 H PACE
werio - s moour 2 Amplifier 1
z ntemal 2 z z
H ]
WCT swa H o o 7 6=04
TORID_AMP I £ b
2 g g 9
£ &
RINLOFF_EN g
—— s0pF RLD_LOCAL F8

Oo—
s s e vonc rooun R e Paciour2 Pacioun  beND
Pin18 Pin17

Figure 19. Functional Block Diagram
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8.3 }F{EHER

%BRIIT4R AFE9SX NERTHEETTHHAVIFAE R . BANMARIMR, RAENABUFED. RENAKI ECC T AINAENE
R

TEREAN S fow /R CLK 51RI_ERYE SHRZ, te TR CLK 51H LESHIEHR, for RNEILEEIRIRE, top RNHILEL
PERYRT, fvop RN IAHIBIMNRAFIAR,

8.3.1 1&EiIhEE
8.3.1.1 EMI 552
i \IEH) RC JE R R AERIEIEEN EMI SRR, -6dB JERREEALN 3MHz

8.3.1.2 IR NG
AFE95x BUIRI A GA Figure 20 FRo

AVDD

INXP,
INXN

0O

10pF

Figure 20. Analog Input Protection Circuit

8.3.1.3 MAZHREHAR

AFE9SX RM NI Z IR E RS RS, ERETSMAEERNESUIRERE, Figure 21 FImAIZR&EN—MES
WZHBERSE. —MIRER/RIZIER, S MEERE—1, TEST_PACE_OUTI. TEST_PACE_OUT2 #1RLD_IN B%
BEER, J\TBEHZ A VINP # VINN, XMTEMR]LUHITERIREMFRZRIZM, REMEE, B83F
ANZ 1728 CHNSET(2:0)RUE& H{u BN ZF 7788 CONFIG3 B9 RLD_MEAS fiI, BliEFEAXIZE. X T OBEREEERN
S AT TE INPUT MULTIPLEXER (REROUTING THE RIGHT LEG DRIVE SIGNAL /N,

pLaz)
I

i
B
15
%

%

B
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Device
INT_TEST vice
TESTP_PACE_OUT] O—————0
INT_TEST
MUX(2:0) = 101
TestP 0—o o (2:0)
MUX(2:0) = 100
TempP 0——o o (20)
I o, MUX(2:0) = 011
From LoffP
MUX(2:0) = 000 SRB2_SW(N)
VINP ©0— e 11 To PgaP
MUX(2:0) = 11
o MUX(2:0) = 110 MUX(2:0) = 010 AND
EMI R(L)D,MEAS MUX(2:0) = 0010 (AVDD + AVSS)
Filter . S g 5
MUX(2:0) =111 | spB71_SW(N) AND MAIN{ {
MUX(2:0) = 000 AND SRB1_SW(N MUX(2:0) = 001
VINN b oo X(Z0) SWIN . To PgaN
RLDIN L
From LoffN MUX(2:0) = 010 AND RLD_MEAS
RLD_REF o o
MvAdN® ~ o MUX(2:0) =011
MUX(2:0) = 100
TempN o0——o ™o (2:0)
MUX(2:0) = 101
TestN O—o > o (2:0)
INT_TEST
INT_TEST

TESTN_PACE_OUT2 T—T_O

(1) MVDD monitor voltage supply depends on channel number; see the Supply Measurements (MVDDP, MVDDN) section.
(2) MAIN is equal to either MUX(2:0) = 000, MUX(2:0) = 110, or MUX(2:0) = 111

Figure 21. Input Multiplexer Block for One Channel

8.3.1.3.1 igFEEME

FoE 7728 CHNSET(2:0) = 001, iR EHEEBE(AVDD - AVSS) / 2 EIS MNEENFM MENGE, FIRZIEETNRIEEN
EBEE,

8.3.1.3.2 illiX{= S (TesTP Fl TESTN)

% EZ 7788 CHNSET(2:0) = 101, m[RMEAINRAES, BTFERREENHTFRARIE. ZAETMIXEME S,
REMRIES S IEC 60601-2-51 FEHIRA) CALISS RN, BIINEEB T 2R FEMIEN,

FAFESRLERITFNHES. (BEFE CONFIG2: CONFIGURATION REGISTER 2 (ADDRESS = 02H) (RESET = 40H)®]
RIFFAER)o TEST_AMP (UiZHI(E S HA2S, TEST_AMP {uiz=hHIFr RV,

Mix{=S7E TESTP_PACE_OUT1 #1 TESTN_PACE_OUT2 5|il L # & B MEHIH1%E. (IZFF25(CONFIG2.INT_TEST = 0)%
HRERNIRES, FHEHARIMNIRE, ZIFMERFZ NS AERNESRE, MiES IR ES SN B
235 1% (hardware pace feature)—i2fFEH. (¥1E5 M EXTERNAL HARDWARE APPROACH ZF 53 RNA).
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8.3.1.3.3 §#iBhE 74 N\ (TESTP_PACE_OUT1, TESTN_PACE OUT2)

L RERBES KRN(hardware pace detfection)By, TESTP_PACE_OUT1 1 TESTN_PACE_OUT2 AI# A F % E A
EDRNBE, XEMATTUEAT/\MEBENEE— B XL MBANNEDNESHMESERBENMEE—,

8.3.1.3.4 ;REF/EIT(TEMPP, TEMPN)

AFE9Sx B8 — A ERER RS, RERBAR TR RE, Eh— P ZIRERNERBENFZ—TBY 16 {5, 40 Figure
22 Fime —IREBARBENER LR BENERSLXREMIEL.

Temperature Sensor Monitor

AVDD

1x 2x

To MUX TempP

To MUX TempN

8x 1x

AVSS

Figure 22. Measurement of the Temperature Sensor in the Input
T IR ENRIEB ER AR (PCB)AYFABEAE, AEFL X285 PCB /BERENL, AFE9SX BYE#(Self-heating) SEisi#ktt PCB &
EfRES.
Equation 1 FRELBHIRFIEREIREE KN Co TRAXMARZAET, BERHIEAM AR uVo
Temperature Reading (V) - 143, 200uV

Temperature (°C)= 281uV/°C

+25°C M

8.3.1.3.5 HENE(MVDDP, MVDDN)

1%E CHNSET(2:0) = 011 ¥ @ER NI E N R EBIRHEE,

1. X¥F&@E1, 2, 5 6, 7, 8, (MVDDP - MVDDN) = (0.5 x (AVDD - AVSS))

2. XF&E 3, 4, (MVDDP - MVDDN) = DVDD / 4

77 #S PGA TENE IR, REET I 1. B, 91K AVDD = 2.5V, AVSS =-2.5V, NIMELER7 2.5V,

8.3.1.3.6 SEXHEN{E S (LOFFP, LOFFN)

SEESFESEFXEAZRE AR, KNSEERSHELRSBHEFXZaIEANSZRERER, XTSEERNIFA
RNASE LEAD-OFF DETECTION ZB9 BN R,

8.3.1.3.7 iiBhBaiRiaN

RLD_IN 5Ii1F ERTHABRIREN(RLD)E S BHAEITEEBK, LA RLD EBARAEE, A, RLD_IN 5|HI=] UB{EZ 1 Bis
BMNBE, 288 RLD_REF 5|HIAREE, AU/ \MNEEFRRER—KNE RLD_IN SIHILMES, @B E %R
SEAKE N 010, FH¥ CONFIG3 172809 RLD_MEAS i[I&E H 1 KR IENE,
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8.3.1.4 1IN

AFE9SX BURRIIAI AR 2 E DB, RIXPGA = 1, MESMA(INP - INN)AT LI M-VREF~VREF BYESE, INP A INN £9
LI EATTE AVSS -0.3V ~ AVDD + 0.3V Z 8l IR AT 2 F 1B (digital codes) Z iBEARX 15 BANL Table 29,

Figure 23 # Figure 24 FrR AFTIREN AFEOSX RN NN RITBEA L. BiRHED. EEDWMANGZEFR, INPH
INN 5 180°HIHE(IE. HRAZRHBNE, INN BNERFEHIEBECM), KIFSEFEBIR. INP BYEANTEHERR
HIEMOER, IEIEEREE CM - Veer I CM + Ve ZiBle BRIAZZEEY, HIZHINP + INN)/2 45, INN # INP
BNITE CM + 1/2 Ve E CM- 1/2 Veer ZIBle AT RS REMEE, EFERED RN

-Vrer
to /\/ Device Veer
+Vrer : E Peak-to-Peak

Device
Common —__ Common ~—__ Veer
Voltage Voltage Peak-to-Peak
q) Single-Ended Input b) Differential Input
Figure 23. Methods of Driving the AFE95x: Single-Ended or Differential
CM + Vrer _
+Vier T INP
CM Voltage
~Vrer INN =CM VO"Gge
CM - Vigr Y t
N
CM + ]/2 VREF ] +VREF i
CM Voltage I ‘
CM = 1/2 Vier | INN ~Virer
t
Differential Inpuls
) i (INP) + (INN) i
Common-Mode Voltage (Differential Mode) = — Common-Mode Voltage (Single-Ended Mode) = INN

Input Range (Differential Mode) = (AINP - AINN) = 2 Ve

Figure 24. Using the AFE95x in Single-Ended and Differential Input Modes
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8.3.1.5 PGA IR BIHNEE
PGA 2—MNENMNFEDHHIKALE, 1 Figure 25 FiR. PGA 1 7 MERIZE(, 2, 3, 4, 6, 8, 1271 24),7

I 5% 1728 CHNSET KigE. AFE9Sx B CMOS #aiA, EILERIEERIZEEARIT, Table 21 FnAREIEmIgER/)
ESHEEHEEE,

From MuxP

- To ADC

From MuxN

Figure 25. PGA Implementation

Table 21. PGA Gain vs. Small-Signal Bandwidth

CHANNEL T NOMINAL CHANNELT NOMINAL
GAIN BANDWIDTH (kHz) AT ROOM BANDWIDTH (kHz) AT ROOM N gI\I;II)IANNA'\II_Eé A2NTI§)WCI:IID-I'I¢-IN(’I\I(EI;)8 AT
TEMPERATURE WITH INTERNAL TEMPERATURE WITH INTERNAL ROOM TEMPERATURE
RESPIRATION DISABLE RESPIRATION ENABLE
1 210 399 210
2 104 198 104
3 70 133 70
4 52 100 52
6 35 66 35
8 25 50 25
12 17 33 17
24 9 17 9

o
<
1z

/.

I 6 FIBmAIFEIEERE 120kQ, EEDWMAESEERNERT, ZEHRMET N8I PCA HHAERREIZ. ZH
ReFAEEDESHANBRT, RENENFHSERZ IV,
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8.3.1.5.1 MALIEEE

HIEM A M AR CEEURS M2, GERANESWANES. BIREE. PCA %%, ZSEE R A Equation 2

Gain x VMAX _DIFF
2

)

AVDD - 0.2V - < 5

) > CM > AVSS + 0.2V + (GO"” x VMAX —D'FF>

Hr:

*  Vvaxor = IARHRKEDES

+ CM= HiZGHE

5130, 905 Vop =3V, & =6, H Vmaxorr =350mV, M 1.25V < CM < 1.75V,

8.3.1.5.2 HMAE N THECE

Z21ES(INP - INN)SEEBURF A4 BRINBEMRINSE BE, A Equation 3 &R

*Veer 2V

Gain _ Gain 3
3V EBIR(EEN 2.4V, ECG B A 6)FTMINERHITT MK, ENDWANESLR 300mV,. M FESNHEEE, BEA
5V BRI 4V E/EBE(H CONFIG3 F7F23HY VREF_4V (IL#HTIRE), LUEKEDshSSEE,

8.3.1.5.3 ADC DELTA-SIGMA /538

AFE9Sx K MBIEHESE —1 24 {iIfY A-X B9 ADC. NRINFEN BN, ZERBER— N ZMaESI2E. ZATIZRES
DHRHREIL T RATIEE fvop = fok / 4 WRINESHITREE, ERINFEER FEIEZRN fvop = fox / 80 FLEEER
A3 FHIZE—HE, AFE9SX BIMRASTE fmop / 2 NA R LENE., 0 Figure 26 Fiim. AR LR FHEBUSEERGFER
DIGITAL DECIMATION FILTER EB53) rIISFR=MIRA ., X4y _ EEUEE AR M /8IS (antialias filtering), XLE A-
I RN KIREMR D T REMNRE ADC B EMRIENTBIIRRNE 2%,

0
-10
-20
—30
—40
—b0
—60
=70
—80
-40

-100
-110
-120

-130 Y
-140

-150 |

-160

0.001 0.01 0.1 1
Normalized Frequency (fry/fucp) o

Full-Scale Range =

Power Spectral Density (dB)

Figure 26. Modulator Noise Spectrum up to 0.5 x fyop
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8.3.1.6 BF

Figure 27 Fi7~/9 AFE9SX REBSZ N EWARIRE, &% BEEMEX T (with respect to AVSS) AVSS =41y, H{ERN
ESEBEEMER, 1 VREFN 1E#2E] AVSS,

221F
VCAPI1 }
Bandgap + 24V ord4v | VREFP

R3(1)
» —— 10uF

| VREFN

O

«— AVSS
To ADC Reference Inputs

(1) For Vggr = 2.4V: R1 = 12.5kQ), R2 = 25kQ), and R3 = 25kQ. For Ve = 4V: R1 = 10.5kQ), R2 = 15k, and R3 = 35kQ2.

Figure 27. Internal Reference
SMEBPBRTE (band-limiting) BB 28 RE TS ERERMI A/ WFSmOBERS, EEHEREIE 10Hz LURKER
B, FEEBREANTIENRGIZE, SEA— IV RINBEIREN, RERMLSER 2.4V, HEMA 5V BRI EIRE, &
I 5 Z 1782 CONFIG2 B89 VREF_4V {iI, RBERZHBEN 4V,

59, RESE BEETF A AKX, VREFP BJ HSMERR i, Figure 28 Frn y BIALAVSMNEE S E IR B EEER . F 7728 CINFIG3
HIPD_REFBUFiLiZHIN &R &% BIEEFXF(power down), BIAERT, &EEINBSER TIREER,

100k

10Q

AAN I [ o LionVREFP

10uF 0.1uF

>

5V O—{VIN ouT

REF

TRIM

Figure 28. External Reference Driver
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8.3.1.7 €CG 1FEINRE

8.3.1.7.1 HIASRERB(EMRBEIEEDES)
MANZKRERREEBTABRENESHOBEISEIN, EREUNESENRRIEIZE, RLDOUT 3| RLD
SNABT AN, RIRTHREESHING, R NHIRN, ZES AU EKRRE, NEEZERER RLDIN 3| L,

4l Figure 29 PR, @BdIKEE @B FFas89 mux fiig 110(P ), &1 111(N fil)=] RLDIN S EREER

Bk, Figure 29 FiRJui@iE 1, 2, 3 4RI RID [551%E@E 8 BN I, FIBX—4FIERI U

FHEEESHER. ENNEEENRERER, PTLREXH,

THFK

— PRI
ohEES

INTP O

INTN O+

Filter || |
| MUX1(2:0) = 000

IN2P O

IN2N O

EMI
Filter

|
|
: MUX2(2:0) = 000 |
|
|

IN3P O

IN3N O+

et

EMI
Filter

|
! |
: MUX3(2:0) = 000 |
! P |
! O
: |
|

IN8P O

INSN O

=

MUX8(2:0) = 171"

EMI
Filter

Device

s

—_—— e —_— —_— —_— —

(AVDD + AVSS) / 2 O—

| b L
EMI || o— 1

RLD SENSP(0) = T

VWA
W%

PGA>

OoO—O
RLD_SENSN{(0) = 1

VW

Oo—=oO

RLD_SENSP(1) = 1

PGA>

VW

OoO—O
RLD_SENSN(1) = 1

WA

Oo—=oO

RLD_SENSP(2) = 1
Oo—=oO

PGA>

RLD_SENSN(2) = 1
Oo—=oO

WA

2 C ar O

VWA

RLD_SENSP(7) = 0

oo

PGA>

RLD_SENSN(7) = 0

VWA

T

O

—o VDAC_OUT

RLDREF _INT

PN

P5VREE ON
(e,

(VREFP + VREFN) / 2 O

O

D—O/o—o

RLDIN_TOREF_ON

O /O
INI 43407

RLD _AMP

O

O

" RLDIN

\J

RLDREF | RLDOUT

Filter or

(1) Typical values for example only.

Figure 29. Example of RLDOUT Signal Configured to be Routed to INSN

Feedthrough

™MD

W—

" RLDINV

[ |
N
1.5nFM
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8.3.1.7.2 MAZREBR(VWELHRIEEHES)

RLDOUT {55 Al LI#E R —M@E (R 2 AT 115 RLD B9)FK#H1TME, Figure 30 Fiin/uig RLDIN (5 5#:2i@iE 8 NF
723188, Xf RLDREF 51f) ERYEBE#HTTNE, & RLDREF BB AL, NIJI(AVDD + AVSS) / 2, Z4FMXNF=mFAF
RIEFIERIEEE .

INTP O ] RLD SENSP(0) = 1
| | N W oo
EMI o— 1 c
Filter I PGAI RLD._SENSN[O) = 1
|MUX1(2:0) =000 SN oo

INTN O WﬁlJ /
| o—l—o
IN2P O- ] | N RLD _SENSP(1) = 1
emi |! [;F/ o— 14 PGA> WV o—°

Filter || RLD_SENSN(I) = 1

I
IMUX2(20) =000 | | | Yy o—o
I

IN2N O+

I
I : © R
IN3P O ] — N RLD SENSP[2) = 1
:;; | W% o—0

emi |! '
Filter | PGA> RLD_SENSN[2) = 1
MUX3(2:0) = 000 VWA o—o

|
IN3N O W
. l T
|

: I : :
IN8P O- | O_I__| N~ RLD_SENSP(7) = 0
I o—lo \/\/\/\ O/ o
EML {1 | PGA> RLD SENSN(7) =0

Filter
IMuxs(2:0) =010 | . MMA oo
IN8N O o 1| | |~

| [

I ° 1 ——0 VDAC_OUT
| MUX |

______ q

C
\

MUX8(2:0) =010 AND RLD_MEAS = 1
X
OoO— l»]
RLDIN _TOREF ON \ R
(VREFP + VREFN) / 2 o— o II RLD AMP
P5VREE ON s
Device (AVDD + AVSS) / 20—0~ o—
RLDREF INT
TRLD_IN “RLD.REF | RLD.OUT | RLD_INV
iMQ®
Filter or
Feedthrough VVV 1
[
1
1.5nFM

(1) Typical values for example only.

Figure 30. RLDOUT Signal Configured to be Read Back by Channel 8
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8.3.1.7.3 R/Rid PR iR IS SiX

BN ZSEOBEFR, WCT BEEXNEERA). £E(LAMAE(LL)R BRI FYEE, ZBERBIENEM
AISESEBE, AFE95x B=""EMAVRIER WCT BERVRIRAEEKES. Figure 31 FimASEIAEE,

INP )

INTN
IN2P
IN2N
IN3P
IN3N
INAP
INAN

To
> Channel
PGAs

8:1 MUX 8:1 MUX 8:1 MUX

+

WCTb WCTc

(£:9)21o0M —»
(0:2)2IoM —>

S
~
R
S

To INxN with SRB1 switch

WCT_SW;\
WCT_SW6

|
o—- CT<_>I_
WCT_CMIOC WCT_SWS —L_gg
PF
oo Py

WCT_Sw4 AVSS

30kQ 30kQ

Device

Figure 31. WCT Voltage
EXEGHRE TR/ BENER—MES(NIP to INAN)EZRIENRARRERFIENREE, XFHRIEEFES
RA,LA LL B4R A ISR A MBERER R, BEEBRSSKNIZE,

WCT BRI = PNRAZEE A LUB T F IR E R IRKE, @I LM R HtE, WCT 5IFIE] LI EEER N EBREY
FIIE, a—PIREAE, NE WCT SIHIMEH T — MR B EE. WCT RARAEBEBRIVRHIRE, BUIRAT
IXEHMERBRI A E, MAREE P WCT IAZSEIHTR R WCT_CHOP_DISABLE #%1l,

Table 22 /R ERER 1. 23 3 > WCT ZHAXBTAIEE WCT 148E,
Table 22. Typical WCT Performance

ANY ONE ANY TWO ALL THREE
PARAMETER (A,B,orC) (A+B,A+C,orB+C) (A+B+0CO) UNITS
Integrated Noise 472 335 274 NVrms
Power 87 153 219 uw
-3dB BW 30 59 89 kHz
Slew Rate BW limited BW limited BW limited V/us

%0 Table 22 FriR, H—MLALER WCT ASRIBEBR, BARERMK, XMREREEHTIRERBASEEmELNTIR
KMMLE(passive summing network) FEIIMLER, X HFENE PN EIRT B HVBRER IR, ENBENEX
—HBREBAE=DRABRZEHZN WCT TR H T RC WLERE], WER MMM (summing network) B35 =1 30kQ
RIEBPEF]— 80pF WEBH, NTRIGREMEE, AMN—1IMB 100pF WEBE, BRHRICR T @EKASENE, 1
Table 22 Fi7Ro

RBeEA WCT T s R s EE S RNPBH(GRE KT 500MQ), — AR R WCT (55 %#% 2] AFE95x B9 f1 ke
N, FAMESENSEES,
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8.3.1.7.3.1 WCT it k3%

24 WCT_CHOP_DISABLE 73 0 B, JRAZRAVMIARYIKRE, FHEEBTIIRNEE AFE9Sx HEIEERERMEN, ZMESHK
ERRAVETRINER Y 1:1, 540, 7E 32kSPS ##EEZET, 7£ WCT_chop = 0 BIRY HRRIF, #biEJ)y 32kHz, T
MRYEEIE RN E MM E ETE dkHzo = WCT_CHOP = 1 BY, BFRREE N HUEERFINZE BN fvwop / 16), W
Table 23 FiiR. BT UER EHI—M AR EHIE WCT AR L. HRINRIBERARNREE, B
w7 5mVPP, {ERHEINEMTAVER, ZMRA ST ECC HEXME, W Figure 32 FiiR, HFHTKINAE, &% WCT K
REFBI5IH LN BRI ESIEIEERERTEM, URMEERMAFRBETE OV(AVSS)HhTER,

WMREZET WCT BoksEm@E (kb0 vV SEBE (VHead channels)) Y% H i 2l — N B TN #a l (pace
detfection)d9 K28R+, MEMTIR (chopping artifact)HILE pace amplifier BYHIH.

200
180
160
140
120
100

a0

WCT Input Leakage Current (pA)

40
20

Figure 32. WCT Input Leakage Current vs. Input Voltage

DR = 1kSPS

DR = ZkSPS
DR = 4kSPS

DR = BkSPS

————— DR = 16kSPS

———— DR = 32k8PS

DR = 0.5k5P5, 0.25k5P5 |

. S [
_:__:_?‘_‘J__‘IM

T, = +25°C |

0.3

0.8 1.3 1.8

Input Comman-Mode Voltage (V)

(WCT_CHOP = 0)

23 2.8

Table 23. WCT Amplifiers Chop Frequency

WOCT Input Leakaga Current (pA)

200
180
160
140
120
100

BO

40
20

LP Mode
N ———— HR Mada |
)
A"
Y
Y
Y
~ e
ey
T, = +25°C |
0.3 0.8 1.3 1.8 23 28

Inpait Common-Mode Voltage (V)

Figure 33. WCT Input Leakage Current vs. Input Voltage

(WCT_CHOP = 1)

CONFIG1.DR(2:0) BIT CONFIG2.WCT CHOP =0 CONFIG2.WCT CHOP =1
000 fmop / 16 REDR2P.WCT_CHOP(2:0), default fyop / 16
001 fvop / 32 REDR2P.WCT_CHOP(2:0), default fwop / 16
010 fvop / 64 REDR2P.WCT_CHOP(2:0), default fuop / 16
011 fvop / 128 REDR2P.WCT_CHOP(2:0), default fuop / 16
100 fvop / 128 REDR2P.WCT_CHOP(2:0), default fyop / 16
101 fvop / 128 REDR2P.WCT_CHOP(2:0), default fuop / 16
110 fmop / 128 REDR2P.WCT_CHOP(2:0), default fmop / 16
8.3.1.7.3.2 £ WCT WAHEIEED

EFRLLNAF, WCT B3EMEIhR4s(out-of-phase version)# A E RLD B95%, AFE95x 1Efit T —NE RLD_OUT 5|4k
B WCT KR PRRARNIER, ES o LUBI MBS #HITEIMN, 1FRGRRINIERD, (¥ES%E RIGHT LEG DRIVE
(RLD DC BIAS CIRCUIT)—3%5)
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8.3.1.7.4 SEXBEIEM

BERRATMEN BT, FEATXLEBIREREFEST, URRSENERE, £ AFE9SX BSEONITNAEERIZ M
TRANREEREF AN SR, RELMSELERLN(lead-off detection), XMt Lir LR BT E
ill, (electrode-off detection).

BEXRREREINMES, AENEMERHAELBIRESHF. W Figure 34 SEMNTHREERFT, BREMHRTHED
TR ERBEBENBRRS . X ETHMESHMEEE EERARFEM, A1 LOFF_SENSP #1 LOFF_SENSE
BEHAESMEENEM EERFEMSE, ST REBIREREN, RERHRERUKER.

7E£/2F8 LOFF_SENS_DEC HI1ER T, BILAU#EF LOFF_SENSEP1 #0 LPFF_SENSN1 3% DC 5|, H1EREMN B ENE
BB R T #1T LOFF_CMP_FLIP, % LOFF_SENSP. LOFF_SENS1 #1 LOFF_CMP_FLIP #8i&E I 1 BY, OFF_SENSN.
LOFF_SENSN1 #1 LOFF_CMP_FLIPN ##EF, MTTRERERN FHFABRASIBEHRTERSEKBSER,

[
' skin, I Ppatient |
Patient | Electrode Contact | Protection !
| Model : Resistor :
| | |
| | |
[ [ [ LOFF STATP
: 4|7|nF : : LOFF CMP FLIP = ] Z
| I | | 5%
[ 51kQ I 100kQ | \0 \iLOF/—'_ CMP FLIP=0
L V,
| | ] ' Ead NN
[ [ || EMI
I 51kQ I I Filter VINN PGA To ADC
| 100k LOFF SENSNT LOFF_SENSNV | 3 _
* * (o]
| VVV | C vl
Y LOFF'CMP FLIP =0
' ' LOFF SENSPI
| 47nF | ]
I [ I | LOFF_.CMR FLIP =1 OR %
| 1 | LOFF CMP FLIPN = ] JOrE STATN
[ [
[ [
| |
! N 6ot | COMPIH20)
| 1 | DAC [*
[ [
| 51kQ |
| |
[ [

NOTE: The Rp value must be selected in order to be below the maximum allowable current flow into a patient (in accordance
with the relevant specification in the latest revision of IEC 60601).

Figure 34. Lead-Off Detection
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8.3.1.7.4.1 HESHEHE

ZHER, SHEREASEERERES M. MINE RISy T B E2S S MR IR S BRI E— B
FhES, Wl Figure 35 Fimo @1 & LOFF Z7728A9 VLEAD_OFF_EN {i3Ri%iR, @iEm—im# i AVDD, % IH
fiIA AVSS, B3R E S 1Fes LOFF_FLIP KRR S BBRMAY A<, 0 Figure 35 Fiimo A0SR fEFE FBIAUR DL BB,
M35 BB E 7732 LOFF &9 ILEAD_OFF(1: 0)fI3iZ 7758 LOFF_CFG1 K4 ISTEP(5:0) (iI3R I8 B B RAI B4R, ILEAF_OFF Al
ISTEP B EXIZE R LOFF_CFG1 F772887 CUR_LEVEL /R%E. HEFEMERMHEME RIHENBET.

AVDD AVDD AVDD AVDD
o
1oMQ Device Device @ Device ﬁ Device
INP © INP INP & INP 3
PGA PGA I PGA I PGA
INN © INN INN INN
1oMQ (P
AVSS </ Avss AVSS
a) External Pull-Up or Pull-Down b) Current Source c) Current Source d) Current Source
Rosistors LOFF_CMP_FLIP = 0 LOFF_CMP_FLIP = 1 LOFF_CMP_FLIP = 0
LOFF_CMP_FLIPN = 0 LOFF_CMP_FLIPN = 0 LOFF_CMP_FLIPN =1

Figure 35. DC Lead-Off Excitation Options

BEEERENHFRHEIERF LLbRes R IEITm N B EA USSImAEN, MNREE—BREXAFN, N iy
THBERSFEEEEN, EEREHEARE PmE N HEEXHF. EEHW—MXE, FJLUNELRSENEE, EHiR
T2, WMABEA—MEREBEFM—173I89 DAC [FEIBY 151, BFH LOFF 7288 COMP_TH(2:0) (IR E, Lbikss
AL NBESHE LOFF_CMP_FLIP ZF7z224H) LOFF_CMP_FLIP1 & BRI BEMALL, HHikeemia B g ES 758
LOFF_STATP #1 LOFF_STAIN £, XMW M EFFesFAREEIRERN—321EE (3555 DATA OUTPUT PIN (DOUT)EBS3).
MRERSECSERER, NSELLIRES I LUE I E CONFIGA #9 PD_LOFF_COMP 3R X%,

LEAD-OFF Z9 44 TH A BE RSB R ERR AT iE,

8.3.1.7.4.2 ;m ﬂ?yl‘ﬁI£Eg§Illl'ﬂ'E*m'§

ZHEERATINERESERSR. RRESE—TEEME, S@IERMANREME CRMTHBEEEN, ZRX0RE
BB —NFBIERE KM IERES, B LOFF 17235/ FLEAD_OFF(1:0) (i SRiEHINR, BEME 2SS ERME
¥, Afor/ 4. ZHINERES BT BEHERHIRLENE,

RmESER(sensing)RBIEESETEBERENES, ARNUEBHMERILIN, RES USTHEBMHIIES|
N, PRI BIREIRA IR R INE D E S BILNE HHIERIHEE SHA/NTLUTBEHSEORT. L, RS
KiNES O BESRIED #1TH.

8.3.1.7.4.3 RBBEIENFARF ENZRSERHE

Zh AR EENF S (DDS)#HITE. 3RES I IRMHrIEERIEZKRM A RE~ERN, £/ LOFF_ACLO2 #
#9 ACDIV_FRQ(3:0)#1 ACDIV_FACTOR i%&3F471%, SQUARE_WAVE FF1& & [E %M 5 H2 3 MmN, IDAC_OFFSET_EN F
?12% AC /%&WJEPE/J DC 'ﬂ:'%zo LOFF CFG2 EPE’J AC EXCT IMAG2 ﬁﬁ?lﬂ% AC /%&Ejjmﬂar;o I%&Ej]1ﬁ?l_l_l_l_#ﬁ1j-
M2, &F LOFF_ACLO2 #1 LOFF_CFG2 T fRIFHE 8

AC ESRINBEIEESETBERFITHRFUHNVEMBRLMD, 3TRHES UFFREERIAES|IN, B
EhHSME EHRESHRE, TEHSERES. Eit, IRSEHELNS ECC 55K ERTM.
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8.3.1.7.5 HRIEzh S EXIHE

i K] RLD A SRRV ERRP] LAEE RLD EEARE TSRS AFE9SX FR, TTHTEEfE, WE RLD BIRIEERSER MUED
B bhiegEs M AIEEFEE BRI ERRTE, W Figure 36 FiR. IR B LERERAVSE BRI E 7128 RLD [EHTHE.

i Skin, i Patient
Patient iEIectrode Contact 1 Protection

Model i Resistor To ADC input (through Vier oL STAT
47nF connection to any of the channels). )
[ —>
I
51kQ 100kQ
ey —— +
RIN_LOFF_EN
o0——
RLD_ SENSAND\P IN_LOFF_EN

VLEAD OFF EN

RLDIN @

AVSS

Figure 36. RLD Lead-Off Detection at Power-Up

3 RLD JAAZR@EBEY, BUR, LHRA THEBNGEENEER, FALLRERICN RID MASERIFAVEBE, iR
NHEREIRESHETREEE ARM ANBEEMRBR LOFF(7:5) 118k RLD_COMP_TH(2:0) IR KIAY, =
LOFF_CFG1 ##y RLD_COMP_EN #i&EHY, RLD_COMP_TH(2:0){IEEAHEIRE. RIN_LOFF_EN FFi%# RLDIN
8¢ RLDOUT _EAY LEAD-OFF #&:0l,

8.3.1.7.6 HHEIEEH(AWD) E 7w = L

fEFAARRIRE) BB RS T B IR AR H EIR(EIERICAT )M ECC RAIERMMIHIET . RLD BBERANIETE A —H B kAT
REE, BIA—NSHEESHRNESRERESE, LImENRIRIFR, RIEFRIEE, ARBIFREHEERE
E—MRERSEEN. BEFHRFNTIERR, EBIMTBRREERFE T BER MRS, AFE9SX £l T AT EFEER
WBER S HEESR. FIERASHRRERESIMILRIAE, RIFERARIFIFRBITE. Figure 37 FIRHEBERERRT
RLD fRE& FEIRHE N IhEEER.

IS ENEREARY RLD EEREE((AVDD + AVSS) / 2), ] LUEE R ELE MR Iz B E B E, BT KEHME
5 N\ CONFIG3 77255 A RLDREF_INT {iRHE /u RLD M EREFNEE ERBEEZIMNIEEEE. CONFIGY FiFas
FRRY RLD_RES {ugEf%i@id RLD A= 200kQY 5 400kQY BEFH,

WNRAKER RLD ThEE, NIEER PD_RLD R AZSMTE(B XIFHME R, 1ESE CONFIG3: CONFIGURATION REGISTER
3 (ADDRESS = 03H) (RESET = 40H)&8453)0 ZALIE TR LR TUK KX HR— D Z9MIFRE RLD A ER.

RLDIN 5|HIEYIHEETE INPUT MULTIPLEXER Z837/148. — ™M#EF RLD M AZSHIFIFETE RIGHT LEG DRIVE /NFIHRAY#EE
BB ERERDHITNA
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ME’)‘(’{B RIDIP  200kQ 200kQ
o o_,/\/\/\—DM/\— RLD_RES
50kQ RLDRE‘;_W/;:[ RLD2P F,J,?J%P
20k 200K0 300kQ 50K
L 50kQ

200k 200kQ) 20kQ
w RLD RES
o—4—0 ¢ 50kQ - J
RLD_RES
W PGA2N

From
RID3P 200kQ) 200kQ | 200K 200KQ RLDZV + < Moxen
RLD_RES

D o—¢0 ¢ From
r RLD_RES RLD4P PGM’; —~ MUXap

S0k 200k 200kQ 20kQ
O—J\/\/‘—Eﬂ\/‘—RLDjES J
RLD3N o—40 50kQ -
RLD_RES M;IM, _
A4N
+

RLD5P 200kQY 200kQ RLDAN From
200kQ 200k MUX4N

RLD_RES

|j o—¢—0— From
r RLD_RES | rLDSP PGM; < MUXéP
20k% 200kQ 200kQ 50KQ - —I

S0kQ 200ka 200kQ 20kQ
WV RLD_RES

RLD5N |:/o—<v—o/ 50kQ - J
RLD_RES M; | AN
AN From
T
RID7P 200Ky 200k0) | 200K 200K RLDEN ARSI

RLD_RES

o—90 ¢
RLD_RES RLDSP

20k 200kQ2 200k

S0kQ  H00kQ 200kQ 20'@7
From o O—J\/\/‘—E\//\/\/‘—RLDRES J

MUXON RLD7N o—p-o0 50kQ -
RLDINV. RORE ASN
O 200kQ 200kQ  prpganN + | Ffrom
T Con® %Rm“’ MUX8N
T 1.50F ; ™MQ ! RLD I—m‘/\ﬁ,}%om
RLDOUT mp O (AVDD + AVSS)/2
RLDREF RLDREF INT
) o (VREFP +
PIDREFINT ~ PSVREFON O VREFN)/2

(1) Typical values.
(2) When CONFIG3 bit RLDREF_INT = 0, the RLDREF_INT switch is closed and the RLDREF_INT switch is open.
When CONFIG3 bit RLDREF_INT = 1, the RLDREF_INT switch is open and the RLDREF_INT switch is closed.

Figure 37. RLD Channel Selection

© 2024 AnalogySemi Ltd. All Rights Reserved. Confidential www.analogysemi.com | Page 41 of 118



AFEP54/AFE956/NFEF58/NFEP59
RI0FE. 8 @IE. 24 (U ADNERRINETIH

8.3.1.7.6.1 WCT {E53 ARLD

ERLNAS, RID ZH RA. LA, LL BIPIEHRSFEIR, ZBTS5 WCT B9 —#. WCT A2 HHREVIXENE
E, REEERA WCT R IFE BRI AFE9Sx {21 T — M@ ik EF74s CONFIGA B9 WCT_TO_RLD fii 33§ WCT
S SHITREPE PHILRR, TiZ&EIMBATHEE RLD_OUT A1 RLD_INV 5|, £ RLD_OUT {5 S1E#%I RLD Bk, FIMA
— MIMBRA SRR AL E S BB E R AR IR,

Device
RLD_INV
1
—o0 o0——o0 (VREFP+VREFN) / 2
—/\N\——o0 VDAC _RLDAMP_SW
RLD_OUT RLD_ ——o0 o——0 (VREFP+VREFN) / 2
mp P5VREF ON
RLD O—¢ + oo O (AVDD + AVSS) / 2
RLD_REF RLDREF _INT
———0—0——¢—0 From WCT Amplifiers
RLD_REF WCT_TO_RLD
> 0—0
RLDREF INT
WCT

Figure 38. Using the WCT as the Right Leg Drive (RLD)
8.3.1.7.6.2 31 ig&H) AW AL E
Figure 39 B/R 7 1E# % RLD BIZMEE,

Device N Device 2 Device 1
§ Power-Down § Power-Down §
= \ VA1-8 VAI1-8 = \ VA1-8 VAI-8 = VA1-8 VA1-8
5 5 5
Q Q Q
£ £ IS
O O (¢]
[ [ -
RLDIN RRI# (R;EJII; { RLDINV RLDIN EIEE gLUDT RLDINV RLDIN I;Iélg gLUDT]i—\/W\—I; RLDINV
_| |_..
Figure 39. RLD Connection for Multiple Devices
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8.3.1.7.7 i2Eia:N

AFE9Sx f2 it 7@ A e SN IR TN R B, WA BIRMHE T 64kSPS RURFRR LI, IMER
BHA 2B 5| H PGA BYMI L EIF- 5| : TESTP_PACE_OUT1 and TESTN_PACE_OUT2, #N5R WCT A2 #iEEE
E58E, BBARH TR~ EFXIES,

8.3.1.7.7.1 %A%

ERRGEERN, BgEIREN 8kSPS SESMRELFHRIE . AfE, HITHRFESAE, UINECESETZE
BTFE(pacemaker pulse), 75 7% BT R ohSdmizitei st NE E(pace detect threshold)ig T & ARE
MREY., MELERNLZRE(evolve)ZR AN TSHFHEER,

1. PGATHE: RE T AIEANEmIRE
2. gEE: RE TIRENREEIERR, X TFRNNMIXEL, RFHEUEKRETER 3 x r 4 BEIRE,

8.3.1.7.7.2 ShEBEEH 5%

ARG L ENRRER—MRENEBEH N IURFES BIER L, WTF—EHUERRRKMNARLS, AFE9SX 2T

— PNERIMFEEE] PCA UMLK PZE S TRIERE, FREESE1N(pace detection)ZiBRVaH@E T —
GPIO 5Ifilix g%, @AEO GPIO WEEET SPI O T1%%, 7EDRDYZRZAIFEMNE 2 tcws. FIFAZF 728 PACE
EE/\MBEFRRNEE, ER—MAFHEE, —PARIEE, TEDERIRLTRN, §—1 04 B9RE. At
PACE B128Y/5 1859 0.4 x PGA_GAIN, PACE BY%atH{5S 53 5i@:d TESTP_PACE_OUT1 # TESTN_ PACE _OUT 5|HIE A
| TESTP #01 TESTN 55, @I 1K E PACE FiFash(4: 1)U #HITEEIER, WRAFMER PACE B8, NEY PACE H7F
258YPD_PACEfiI KX ] PACE JRA 250

INR—DIERZE] WCT IR E3(EL AN, VHlead BIE)ANEERY It ERZ 2 7 —1 PACE AR T/l (pace
detection), N pace WAL= HLIBEINR(chopping artifacts), FBIEL WILSON CENTRAL TERMINAL
(WCT) AND CHEST LEADS &843
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PACE(2:]) PACE(4:3)
From
MUX1P >_

\
\ From
| + = Muxp

= 50kQ - —|

1
i 1
i 206
1
1 .
From '
MUXIN b "I % S0ke2 - J
,'I OZC M LEAN From
From > ! ' +
| \ MUX2N
MUX3P i :
| | From
i a1 ' + X Mmuxap
|_ L ooy PGA4P
1
! %som - —|
1 1
1 1
|_ P20k
1
1 1
1 1
MG;%’:\] > | %Esoko Z J
—o o ! A4N
From i o1 | + { From
' ' MUX4N
MUX5P i i
| ! From
I_ SN MUX6P
': :
1 l
1 1
- R D
V[ 20k
1 1
From | '
MUXBN > I‘ % S0k N J
—o0 o : AN
From l'| 10 ,: + From
MUX7P “. :. MUX6N
\ 1 From
R S +
\ i MUX8P
|_ —o"o—4 PGASP
)
! % 50kQ) S —|
) )
! 1o
|_ 1 20kQ
1
From o \ / J
+ N \ ! 50kQ -
MUX7N (AVDD + AVSS) \ !
(AVDD + AVSS) o o ASN
2 ‘\\ 77 ,,’ + From
200kQ) N MUXEN
500kC)
PDB_PACE_fact
TESTN_PACE_OUT2 Amp 500kQ PACE_IN
GPIO10——0 ~
s00ka N w (GPIOT)®
VWA
(AVDD + AVSS)

2
%mom
500KQ
TESTP_PACE_OUTI FORPAC s 500kQ
200kQ X WY

(1) GPIO1 can be used as the PACE_IN signal.

Figure 40. Hardware Pace Detection Option
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8.3.1.7.7.3 IR

AFE95X 14t =TI IR BE AT & 35810 : SMERIFIR. 66 A A L RIS S R A EBIER LUK 55 FA A P £ R RS TR 6IME S B R 2B PR

Table 24. Respiration Control
RESP.RESP_CTRL(1) RESP.RESP_CTRL(0)

DESCRIPTION

0 0 Respiration disabled
Generates modulation and demodulation signals for external

0 1 respiration circuitry. RESP_CLK signals on GPIO2, GPIO3, and
GPIOA4.

1 0 R_espi:o'rion measurement using internally-generated RESP_MOD
signals.

Respiration measurement using user-generated modulation and
blocking signal.

7E: Y08 CLKSEL = 1(RERERTE), 1577i&E RESP_CTRL(1:0) = 11,
8.3.1.7.7.4 MERrRIR EREE (RESP_CTRL = 018)

fERLLED, GPIO2. GPIO3 # GPIO4 K BrhEcE Nt. 55 ZBBIAEIX &0 Figure 41 FiiRe GPIO2 2 GPIO3
0 GPIO4 K523, 40 Figure 42 iR, GPIO3 BA%HIE S, GPIO4 BfFRES .. FAIZIAWE, GPIO2. GPIO3. GPIO4
BB SIHIThEER AT A, @I £ CONFIGA 7728 FHY RESP_FREQ(2:0) iR ARISAERIZE N 64kHz 3¢ 32kHzo
RESP_FREQ(2:0) R ERALELIE GPIO3 1 GPIO4 4Rk 7K. GPIO2 ERIZ B4 H &R F 64kHz 8¢ 32kHz, GPIO4
1833+ GPIO3 BIFE1iLH RESP A1 CONFIG7 7728 *HY RESP_PH(3:0)fil1& &-

fEF LRI AT AFE9SX SMERSEIL B TE X PR FEHTER B

(Modulation
GPIO3 Clock)
teras
(Demodulation
GPIO4 Clock)
taowy = [+
(Blocking
GPIO2 Signal)

Figure 41. External Respiration (RESP_CTRL = 01b) Timing

CLK
(2.048MHz)
I Modulation Clock
® »O GPIO4
Respiration D dulation Clock
Modulation O e »0 GPIO3
Generator ‘
D—N)GPIO2

?

RESP_PH(3:0)

Figure 42. External Respiration (RESP_CTRL = 01b) Block Diagram
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Table 25. Switching Characteristics for Figure 42

2.7V =<DVDD = 3.6V | 1.65V =DVDD =2V

PARAMETER SYMBOL UNITS
MIN | TYP | MAX | MIN | TYP | MAX

Respiration Phase Delay, Set by

RESP.RESP_PH(2:0) terase 22.5 157.5 | 225 157.5 | Degrees
Modulation Clock Rising Edge to
XOR Signall taukoLy 1 5 ns

Note: Specifications apply from -40°C to 85°C.
8.3.1.7.7.5 WHAEPEI PRI ZBIFIR B ER (RESP_CTRL = 108)

Figure 43 E/R T RERMFIREBERAVIEE], BT LOEE M A AR AR AR 28 BB K.

JEHIIRIRE RESP_MOD_EN fif=Hl, ##JE#&RH RESP_DEMOD_EN fiifzfl. EHIE S EM8E 1 VREFP-AVSS V75K
fERALLIRTIR, IR B BR R %R HH BT 7E 2514 BY RESP_MODP #1 RESP_MODN 5 |B) L5/, LRI 281 B E ORI E)
FRIEHIES . EALEED, GPIO2, GPIO3 1 GPIO4 R] LI FH it B i, WHISHER S 64kHz. 32kHz 8¢ 42.667kHz(T£
FEATUERS &8 #F /3 43kHz), H1 CONFIGA4 ZF 1723+ 1Y RESP_FREQ(2:0)#1 RESP_43K_FREQ i &, MEFAEIE(ESHIAE
{iLE8 RESP A1 CONFIG7 F 77281 RESP_PH_MSB #1 RESP_PH(2:0)1iI1% &,

B AL MPIRIEIN /S, AFE9SX @8 1 TR T ECG 55, R RA Hl LA SBAFNEWRM ECC 55, EER%E
SEOEZIBATIFRAEE 1 F1BT ECG 5SH@iE 2, RESP_DR_EN AERSIMIRIFIN4AE, CONFIG7 FH1FeeH
RESP_DR(2:0)fii F] i F#=#!i@i& 10DR, LIRS B IFHIE S 1488, 15/F 2, RESP_DR(2:0)1& ER15/\F ECG i&I&E DR(2:0)
WE.

CLK
Respiration Clock
RESP_MODP Qe—] Generator
Modulation s
Clock = c
RESP_CTRL(1:0) 5 S L
i 35| §3% RESP_CTRL(1:0)
RESP_MODN Q€¢———— 8al 39
7'y £ '8 O *

‘/i‘, ) 3 | = S
8 [ »
o 1/0 [«1»Q GPIO3
ko]

&

/0 [¢+T*Q GPIO4

£
3 I/0 %0 GPIO2

k‘

INTP ()'I_ vy v
EMI Demodulation Chl
Filter MUX @ Clock ADC
INTN ?'I_

Figure 43. Internal Respiration Block Diagram
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8.3.1.7.7.6 AP =4SSR PISEIFIR EBER(RESP_CTAL = 118)

FUARIT, GPIO2. GPIO3 #] GPIO4 BrpEcE N, FaEAFHMAR, &l Figure 44 RFTRRRMES. 157
TEIART T ERAREREET $,

(Modulation
GPI104 Clock)
toras
taioy = [¢—
GPIO2 (Blocking
Signal)

Figure 44. Internal Respiration (RESP_CTRL = 11b) Timing Diagram
Table 26. Switching Characteristics for Figure 44

1.65V <= DVDD = 3.6V
PARAMETER UNITS
MIN TYP MAX
Respiration Phase Delay teHasE 0 167.85 Degrees
Modulation Clock Rising Edge to
XOR Signal teLkoLy 0 5 ns

A BARIEIRERTF-40°C = 85°C,
8.3.2 ¥FIhkE

8.3.2.1 GPIO 5|fI(GPIO[4:1])

AFE9Sx —HH 4 BAKFRA /RS I EAIEBREER, BdFFe8 GPIO By GPIOC {iI, AILIRIRZEHF 10
SIS H . FF28 GPIO BY GPIOD {ufEH|5IHIFFE T, =4iREX GPIOD iy, :REIRVEIERS I HIAYZEET,
TS E RN RN L. = GPIO 5IMRIEE AR, MHEMA GPIO L#ITHRENATMH. X GPIO #
RENHEHE, % GPIOD ERYEN /4t AYE,

HWEENMNE, B=15|MATIERE), FeefEElf=(float), GPIO 5IHIZEHBBIR(poweron)HEE I/
WiIgBEAMAB. Figure 45 FiR/y GPIO ORVEEH, IR, NIEX=1 5|,

GPIO Data
(read)

GPIO Pin

GPIO Data
(write) )

GPIO
Control

Figure 45. GPIO Port Pin

8.3.2.2 EffE3(PWDN)

KPWDNHERFEFG, FiAH BRI E, ZREXEMEI, BEPWDNSIIETEEF. —BIREXEMEL, A
BIR7 M B AR E— AT (B REMRER, fERURHAE], KMISMERAT R LAE o
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8.3.2.3 S{i(RESETS|HFNEEHS)

BB PR ER IS AFE9SX #1TE L. JGRESETSIMIAIE(REB T, ARIXE (15 (35S 1% RESET: RESET REGISTERS TO
DEFAULT VALUES #393) % RESET 5|f1E TR BT RI2FIE (I, 7ERRESETSIHIEHENSHET 2RI, BHRERBENFR
MERNRNDIFREE, SEAnSEEMETHNE/\1 SCLK FEAER. S, TE 18 1 tek AHAKRTHRAINTF
SREEMABRFIRNNIEK. BXEZEE, 1555 RESET: RESET REGISTERS TO DEFAULT VALUES #8493, A WREG
1557728 CONFIG1 A RESP iR E N {ERY, ANEFSX M FIEKEBEITE (L,

8.3.2.4 ¥FHHENIS K23

WF ISR EYORS 230 H A RS SR EITIHEL B AEIENRN R, ATUESHERMBUEER LTS I
BRZMNEHREEES /MR, MKV IREEHEE, sEERAVNATOBENAR, ULMRGREESK
AN RS EAL Mo

SFMEE R FIERSEE— =M sinc JEKESEM. Sinc JEFEsHIIMEXLLZER]E CONFIGT B9 DR {iRIAEE, (iF
&0 Table 33), XR—MREMAAEHBENEREIGE, FTUEXMEER, EBRESBITIEEERNEIEERT,
8.3.2.4.1 SINC 5K 224K (SINX / X)

Sinc ISR E— A AT HMEVEEE, =MBVEEIEEEE. FIBETIEELRIREN fuoo NIAFIZR AL EIZEIR, Sinc I8
BRI AFISNEIMIREHITRR, AERBEIERCEETRHITHIE, BEEHEmBENEIRIEFBIBIESR,
Equation 4 B/R7 sinc JEE2RRIZEIK Z 3% 1B

- _N 3
H2)|= 4
[H@)| ‘1-2" 4
sinc JE K 28 BUSTUE &3 K #L U0 Equation 5 Fiizre
. [Nmf] P
[H®)|= il fiop ®)
N x sin [%
Hrp:
o N= HEXE

Sinc IS B EREHIIBEERNEHR LB NTE, EXEME L, RERELRN=R, Figure 46 FTRA sinc JEE288
SRERMAR, Figure 47 PR/ sinc IR RIRBE,. HRMAE—TMEBKE, BKBEFE 3 1 tor WEREHARIRE. £
START 5|HIBE— 1 EFHAT— START 16 ER/E, RSB FEE teme AEARFEE— MR, ERREEXER
TBYEK 2R RII& B RYjEl(setting time)7E SPI 3% [E43HY START MODE /N5 e# 17398, Figure 48 A Figure 49 FRiRA
TSR 2R BITE fmop / 2 F fvmop / 16 FIREIEIBZR THIEZER 2, Figure 50 FI/R Y BE| 4 x fvop BIFZHRER, 40 Figure
50 PR/, AFE95X RUIBHTEE— fuop NIBEHES LI, ANRLIRE RC TBIRKSERZA fvop [EEHOHERYIE T,

N 0 [——
-20 \ \
\ -0.5
40 \ \
—_ -1
g 60 \ //'\\ /\ = \
c =l
3 80 /TN c 15
‘@
5 \
-100 -2
120 \
-2.5
140 \
0 05 1 15 2 25 3 35 4 45 3
Normalized Frequency (f/ fog) 0 005 01 045 02 025 03 035
Figure 46. Sinc Filter Frequency Response Figure 47. Sinc Filter Roll-Off
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E;R[Z:O]i - 110 B DR[2:0] = 110
_20 | | 20 =5
o -DRI2:0] = 000 & DRI2:0] = 000
-40 -40 - N
& AN A & S
L 60 L 60
= < N\
s JBANA DA A A A S AL
’ M ANANANAR A ° AR AL )
ITRIRTRL A i
HIERTRTATRTA
-120 -120 | ‘ |H T Ir\
140 140 (AAABAR .
0 0.5 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0 001 002 003 004 005 006 0.07
Normalized Frequency (fin/fuop) Normalized Frequency (fi\/fop)
Figure 48. Transfer Function of On-Chip Figure 49. Transfer Function of On-Chip
Decimation Filters to fyiop / 2 Decimation Filters to fmop / 16
10 IBRE:0] = 000 DR[2:0] = 110
-10 Y
-30 /
g -50 1 mn n f
5 70 i ! ’F " |
-90 m‘ '\
L N il
-130
0 06 10 15 20 25 30 35 40

Normalized Frequency (fy/fyiop)

Figure 50. Transfer Function of On-Chip Decimation Filters
to 4 x fmop for DR(2:0) = 000 and DR(2:0) = 110

8.3.2.5 B

AFE9Sx Mg & BB MR I T MAR 75 7A: NEFNSNR. MBRET s 2 IEEMIE A TRIN#E, BMBEHRS. RIS
BAEEE MHT THIAUBREE. ZBEERESERETEZ ., #I1E5M ELECTRICAL CHARACTERISTICS &B53, Bt¢h

B9+ CLKSEL 5|R#1A0 CLK_EN Z1Fes iz,

F3 CLKSEL 5 |Riisfi AR s ERET $. £ CONFIGT ZF723H9 CLK_EN {UR] LAfERES A fERER7Z50T #97E CLK 5|Ri{E
N, — PN RTFXWN5IMIBNEERE Table 27 fETR. HEMEEEE K, LTFHEENEEN, A CLK_EN

Lo HXHABIREY, XASNBIIERTIEER,
Table 27. CLKSEL Pin and CLK_EN Bit

CLKSEL PIN CONFIG1.CLK_EN BIT CLOCK SOURCE CLK PIN STATUS
0 X External clock Input: external clock
1 0 Internal clock oscillator Tri-state
1 1 Internal clock oscillator Output: internal clock oscillator
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8.4 1 hEEIRTL
8.4.1 ¥EIKEN

Z<T37743 START HIDRDY3 (Bl 3 ELIEM 2R 2B X B HIER ET R,

8.4.1.1 FRIER

15 START B[, FHIFEE/D 2 x tew NEERE, ARG AE1% START 35S LIFFIAHEHR, 24 START 3|HIMREY, HE Y START
BLEEREE, MigERKIEDRDYES. (FKiREE)

L(EFE START 35S KB ThEEHARY, 1745 START S|, AFE95x B RFNEIURITHIFEIR : EEEMBERNIET, XLLiE
U SINGLE_SHOT (Z 7728 CONFIG4 Y% = {i)RiTHl. TEZ MGHFHECE R, START 5|HIA FRP XLILE. (AE
J'TL%’I\iQ%EEE(MULTIPLE-DEVICE CONFIGURATION)%Bﬁj\)o

8.4.1.1.1 Eiradia

AT BYIE] femie B e ERi2S 1E START 55 m 2 ot BN EBRFAE EAYETE],

X START S|fI#hiE, o&E Y START WAL, REM ADC FEMENE S #HITHIE, FERDRDY#HIS. DRDYH
T—NTRARTHIEE E&IF. Figure 51 FRmARFE, Table 28 Fim ARREIERW N AR, B AYiam
fou AI3ER{Z 2R (B CONFIGT £ DR(2:0))R7E

START

DIN X STAiéT \ : X

DRDY > >
tSETTLE

Figure 51. Settling Time for Initial Conversion
Table 28. Settling Times for Different Data Rates (tserie)

OR(20 SETTLING TIME (tci PERIODS)
(2:0) HIGH-RESOLUTION MODE LOW-POWER MODE
000 258 515
001 515 1029
010 1029 2057
011 2057 4114
100 4114 8228
101 8228 16456
110 16456 32912

% START 5|fIt4iim, BRMANESE—TMERBKE, NSRS — M NERIREZE® 3 x tor FHA, 40 Figure 52
iR 12 BOKIBTE £ 0N DRDYRHE Mo & E I ATEITE 22X 3 53R E Bk H (narrow pace pulse) TR B G MIBT 4 51
&, #IEEDRDYNE— 1 TEEBAR, ErLUSHRER,
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START
Anadlog «—— Input Transient
Input 2
DRDY —|_ |_| |_| I_ _l_

4XtDR

Figure 52. Settling Time for Input Transient

8.4.1.2 B EFS|IHI(DRDY)

DRDYZ2—MAHE S, HDRDYEZMAE, FAIREIEAEIT T, CHESMBIBASIESREIER. REECSES
HIRES, SCLK B9_LEFHARAIAIASDRDY, FiL, il SPl AL EM S MEEN, FACSES4 SCLK, DRDYMTTH
A& & e S LETE RDATAC mode 3 #E RDATA dn S B A T2 H B EUERE, 1£15 0 RDATAC: RDATAC: READ DATA
CONTINUOUS #0 RDATA: READ DATA &f43.

4 7E RDATA #< FIRENSURRY, SRIER] T RIRIFEURIIE N FES T — DRDYHI R 4.

{573 START 3| B3 START 6% SRiZ B IR & R0 F [E B EUBREVE S R BIT SRR AR o

Figure 53 PR ATEAUEREIRAYDRDY. DOUT. SCLK ZjEl#I% Z (1E AFE95x BA1R 1L 24 (I HPEME EEIBE RS
R DOUT 7E SCLK By L7477, TILHIESBEERITEE— M <MIM DIN SIFIK R, B&EEE SCLK ME—
A EFHAHIEDRDY, HIEMIRSHEMFE, ABRIAFRE ADC EENEIEGEE 1, BE 2), WEAABRENEE
ERERBMABME, BEXEHRSTERN, BJLUKBE,

cs ]

DOUT X s Y mse-1)(msB-2)

Figure 53. DRDY with Data Retrieval (E =0)

TECSHPRA A, DRDY{SS1E SCLK M — P THSARERR. BMERSBHIERL, DROYRIAHE AR, X SPl B4
WA T EREMISEREZEZE .

CS

DRDY
SCLK -

Figure 54. DRDY and SCLK Behavior for SPI Bus Multiplexing
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8.4.1.3 $UBIEE

PR R R B E R — 5T,

1. RDATAC: EZUREIERIESRIREREN T ARAIEELHM A LUESIEEEIENIRER. BXEZIFAER, FEH
RDATAC: READ DATA CONTINUOUS 343,

2. RDATA: FHUEERARIMIRERER— M EERE. BXEZFMES, BSH RDATAC: READ DATA CONTINUOUS
#B53o

FeipyisiER @S DOUT fith BUSUREIRENAY, DOUT fith pISRS (URIHUER E SCLK BV LA A% HAY, 7 SCLK BysE—1

T4, DRDYR[MESE{E, AEMHEIEF, R DIN AR,

8.4.1.3.1 KEBF

AFE95x HEIBEIIEEH—MEM ADC KREE BBVIRESIAS MY ZIRSAIIE /) 24 i, B4 LOFF_STATP, LOFF_STATN,
and part of the GPIO BY{E, #X#EFAF!40 Figure 55 Firo

24 (PRSERMIEIN, 5 RLD_LOFF_FORMAT FERIIEH X

1. 4 RLD_LOFF_FORMAT 37 0 B, {1100, LOFF_STATP(7:0), LOFF_STATN(7:0), GPIO(7), GPIO(6), GPIO(5),
GPIO(4)}

2. ¥ RLD_LOFF_FORMAT 4 1 B¢, {1100, LOFF_STATP(7:0), LOFF_STATN(7:0), LOFF_RLDP, LOFF_RLDN, GPIO(5),
GPIO(4)}

scix EpEpERN L LI L]

R R R
DOUT X 1 X 1 X 0 X 0 X LOFF_STATI;(7:0] X LOFF_STATNzg7:0] X GPlog:A) X

Figure 55. Status Word Content

8.4.1.3.2 BliHKE

AR R EE NSNS MEENUEURER, S MEENEIERIANAMINSM . 3T 32kSPS 1 64kSPS
AR AFE9SX, HIEMIEUN 24 (URVIRTSAL + 16 (i(B-MEE) x 8 (BE) = 152 i, WTFHEHIER, HEIHN
24 (URPIATSAL + 24 (B @E)x 8 (Bi8) = 216 i, HBEWBIAF FFRRENKANY, ENNAEERDEN
0, AMm@EEkHRIRFRERZE, AFE9S4 Hith 4 @EXIET, M AFE95S6 Mt 6 BERYEHE.

AFE95x BRI T — N EIEMF 4, 1IEBE S 1728 CONFIG BY DAISY _IN i SRFKENZ N EliE, 48 iR HEnMg SCLK
RZRFEREIE, TIERREZE, ReUNHIERES,
8.4.1.3.3 #iBigt

AFE9Sx By MEE ML 24 (1A —HBITAMIEIN, SAUMIEEIERE. RAUE— Veer / (22 - DEIE, — PN IEBYH
ERWARRELIEA 7FFFFFh, RAGHERMAERLE) 800000h, HiESEIRERN, MHESITEXLE
B L, Table 29 B4 7T AREMNESHIERHEHIS, = DR(2:0) =000 1 001 BY, &&DHIRE 17 M 19 B
R, a7 U5 UHIER LR BES,

Table 29. Ideal Output Code vs. Input Signal™

INPUT SIGNAL, Viy (InxP - InxN) IDEAL OUTPUT CODE®
2 Vg 7FFFFFh
Veer / (22 - 1) 000001h
0 000000h
~Veer / (228 -1) FFFFFFh
S -Veer 22/ (22 -1)) 800000h

A 1A 24 (I IRBIERREGN, Bifm = 1.
A2 TEERE. &ME. KA mIRENRE.
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8.4.1.4 BRE

i 1% E CONFIGA Z1728RY SINGLE_SHOT iy 1 BJ LAEREER/RIREVRT . TER/RIREURTUH, AFE95xX 7 START 5]
WHIS S E— START 15 W R IXBY BT ERIR IR, 90 Figure 56 FiiR, H—NEHRTEAET, DRDYZ AR, AGELE
., FNERBEUERRBEMIREY, DRDYMREFNIR. WRBFIHMAVELHR, AT START 5|f), AREMASHES 2 1
tew BUBYIE], BREEFAIX START 5<%, HEMELIREEIERIIRE RGREUERN, EHIR START S Zh0HRY
(pulsed), HEXH— STOP 5<%, REEFRE—THBIES,

[(d (C (¢ «

)) )) ) ))
START [——— 1.SETTLE —P> | |
4/ few *‘ “ﬁ Data Updating j*l\ € 4/ few
— — (¢ / (4
)) )
DRDY
—_— 5 ——

Figure 56. DRDY With No Data Retrieval in Single-Shot Mode

BREHIRTURM T — P A FENVENESRSIERIIN A, AH— START 5<%, &S START SIHIRE I F ISR
#, BMBRBHIERRR 4 5. XITMERAERAAERZRIRENFM, AFEESRAENNLRFTIEK. L&
ESEMREHRIEM, ENELAIHR START 51IE 41X START 155 R B ohH VLR E 5,

8.4.1.5 ELHIEHRIRT

2 START 5| BT RIS E D 2 tow B START F5RAIXRY, BMFLIFFIE T W Figure 57 FiR, S IQAIDRDYE
=, SREEEFNTIR, RO TRES, B2 START 5IHIHHREE STOP f5<#HAIX. 3 START 5|RIEHI k&
STOP 59 AIX, IEEMENEIAIFTTM. Figure 58 A Table 30 FRAR ATEIZIER T H4AZ R ESKAIDRDY X T
START 5|7 START $5<°#0 STOP 15 <BYBY 7. N0 T fRIFAIRAZFEETAF, 18 START SIBLXA RIS . HEYIMR B IIRENVE
NENELIFIRIETUBT, & START (55 ™= %Rk A5 S (pulse the START signal)3{E & ix—> STOP 5<% K #E— START
B2, EERHIENIFEER T REESRLIEIERIIN Ao

START Pin
A
orI or
A4
DIN _START? STOP®
Opcode Opcode
—» DTDR
W 1SETI'LE

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

Figure 57. Continuous Conversion Mode

DRDY and DOUT —> tsosu
—p «—1pshp

START Pin

or ¢
STOP Opcode ><srop<1>><570p<l>><

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

Figure 58. START to DRDY Timing
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Table 30. Timing Requirements for Figure 58
PARAMETER SYMBOL MIN MAX 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

fsosu 16 1CLK

fDSHD 16 1CLK

7E: START 7] STOP gn S TEIREID R4S RETAYSE £ SCLK TEIEER

8.4.2 ZigFAicE

W RAEIEL SR, AFE9SX TIEMHERE REM, BITIENBEEEEMMSS: DIN. DOUT. SCLK F1CS, @7
FPRELERM—TEINAEES, AJUEZ N REERTE—RL. EEn MSHMENESHEN 3 +n.

30 RLD CONFIGURATION WITH MULTIPLE DEVICES &84 PR A3 7855 /5 T0i%EHE RLD iR es. B LHEREFERN
IiR7es, BEAP—HRHFRENNHENERGHBENEBIRH(CLKSEL 51/ = 1), FHEIRKCLK ENFFRUIK
BH 1 NSRRI IR ST, %28 (AT s e EL fth 2R AV IMNERBY IR,

TEER S ERMERY, XSRS START (E5E%, M START ZSZDRDY{ESHIERN F—EHIBEREREEEN (B *
BAUNEMNELZFMAEE, 15S% START MODE &49). fEA—1MIF, Figure 59 /R T M 284F5 START 5 S EFHY
91T M.

AIEARIELE U REEO S IEcREZE S 88 KRBT,

Device 1
START START, DRDY @—» DRDY;
CLK -o— CLK
Device 2
START, DRDY O—» DRDY,
CLK

CLK ] |_| |_| .

)

START

(C
)

{(
)

DRDY;

{C {C
1) 1)

{(
)

DRDY, ; )

Figure 59. Synchronizing Multiple Converters
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8.4.2.1 {REXEZE

Figure 60(Q)ER T MM FREXE—ERECE. HP— 1882 AFE9S8 (J\"MEE), HZ—MEsfFE AFE9S4 (M@
), effl—Eel27T—MER 12 MEBENRS, DOUT. SCLK# DIN Z2EEH, S M AFA I ESI#,
REBEEFEFE DB EIRFRNRCSIKENZEE 1), NiZaEEY DOUT A TSR, ZEMAFHE MR DOUT
B, RECERFERTASHRNA.

8.4.2.2 HfEithElE

L@ E CONFIGT FHZ25FHIDAISY_ENMIR/E AR Figure 60 (b) 2R T ML HE &, E XA ET, SCLK,
DIN MICSTEEZ M asfr ZBIHE, KHE—1 23R DOUT 5|RlEREIT— 1 23¢F89 DAISY_IN 5151, MmelE—1 a5k,
SRR ZBAH—EINY SCLK, HEE, EEMHPEHERIN, ZREIINEARAIA. WRAREM DAISY_IN 5|
B, MIRHSEFEMIEE, Figure 3 M Figure 4 77487 Figure 61 FR7RBY AFE958 PRERHVETF. KB AFE958 %z
BEHITE DOUT £, ARRAEXIIL, &EEXRE AFE9S4 BPREFHEIET.

START® O——¢-—»START DRDY »| N START® O—e—p{START 5ROV o
CLK O »| CLK CS |« GPOO ClK o »{ CLK CS |« GPO
GPO1
. SCLK |« SCLK 3 SCLK |« SCLK
Device 1 Device 1
DIN |« MOSI DIN fe MOSI
DOUT »| MISO DAISY_IN; DOUT, » MISO
Host Processor ¢ Host Processor
—ISTART DRDY DOUT, DRDY
» CLK CS [+ L »{START CS |+
SCLK [« »| cLi SCLK |«
DIN |« DIN |
Device 2 .
DOUT Device 2
DAISY_IN O 0

a) Cascaded Configuration b) Daisy-Chain Configuration

(1) To reduce pin count, set the START pin low and use the START opcode command to synchronize and start conversions.
Figure 60. Multiple Device Configurations

DOUT,

pAIsY INy — X MSBL_X < X 8B N
SCLK [ 2 3] | 1 [26] [J217] 218]  [219] [ 1 [s338] [
pout 0 X MsB, X X X Y 1sB, X xx X MsB, X X X 18, X

Data from second device

Figure 61. Daisy-Chain Timing for Figure 60(b) with DAISY_ONE_BIT = 1

Data from first device

DOUT

paisy Ny — XM X X BB N
s Jor L J2 [ s | |_Joe] I’N{ [218] 219 [ ] [338]_ [
pout 0 X MsBy X X X X 158, X MsB; X X X X 5B X

Data from second device

Figure 62. Daisy-Chain Timing for Figure 60(b) with DAISY_ONE_BIT = 0

Data from first device
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ERR LRI R E R R
1. ESMUESEZEAE—TEIMI SCLK (520 Figure 61).
2. FiERMHSERENERNEFSRE, FHACSREEN,

3. BHFFFREI(RREG) XM S EiEPRIEF 0 B RBERALIMEIEMEEMF 1 REXEIZSF N &, Hp N @i
fE—"1 e, TERRFEFSRHE.

NREDRIFAE R EEEENTFRIRE TIETT, WALUHE DIN, MR SPUBEESHER N 4, TiLRGHE
SOfEIERR I, AT, FTEMBPEMHITHRIZ; Alt, TEESDEMZEHE RID RepiEfk. Ithih, LaERIMR
B £

90 Figure 3 # Figure 4 PR, SCLK EFHASTE DOUT EREIEM AFED58 5, SCLK LAEIR AT IREIEDIF2 5
FRAYER 4 DAISY_IN 51, ZZRMpISRILEERA SCLK E =, BEHEEOMNIRKESERIFEHK, HPNRGHE,
ETFRFRIFE EEEE M, SCLK S EREZR(FTRAEEMIR/] DOUT MKE)MEM PCB /5
FARSHBPIEEN, 72 DOUT A DAISY_IN Z B ER Ha3F R B IRES — M Az Pk /5. 5—HiEiZEE7E DOUT
#1 DAISY_IN Z[alffi A\—> D & 25, iZ%fil %k 387F 8 SCLK LithY, Ltk4h, iEFE, HEEEATE—LERGFHEEE
WA BEF O REIEIL

FHERENRAMEIVATIRETTHHIERR, FJLUEA Equation 6 (ABRXIKERE:

fscik
N = 6
DEVICES ™ f5r (Nairs) (NcHanneLs) + 24 ©

Hep:

*  Nars = REDPHREURTHIEEX)

*  Ncrannes = IREHHIBEEL (4. 65X 8)

BIgn, =5 AFE958 (8 @i, 24 ARZAN)LL 2kSPS #UBIRZERM AMHz fscw IB1TEY, RZAEME AR RS T0ERE 10 281,

8.4.3 HFIETY

AFE959 BIUf TEHRT

1. BERERN, HIEERKZX 64kSPS

2. ERYEERT, BUIBEREZIX 32kSPS

3. IR, BUBREREKEIX 16kSPS

4. BRIFERER, HIEREIEE 8kSPS

2B Table 31 BELEFRIRET,

Table 31. Power Mode Configuration for Figure 58

WMODE HR HS_MODE | LP2_MODE MODCLK(1:0) fmop DR(2:0) and ODR
High Speed 1 1 0 2'b10 1.024MHz DR = 0; ODR = 64kSPS
High Resolution 1 0 0 2'pb00 512kHz DR = 0; ODR = 32kSPS
Low power 0 0 0 2'b00 256kHz DR = 0; ODR = 16kSPS
Ultra Low Power 0 0 1 2'b11 128kHz DR = 0; ODR = 8kSPS
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8.5 iz

8.5.1 SPI }E[

SPI A EITHEORMEMESAM: CS. SCLK. DIN. DOUT, ZiZEORILULEIEMIE, RE 518, MIEH] AFE95x fY
1%(F, DRDY}HZRIFERIESIEEEFIRSES. SHVEIERTAR, DRDYZENIR.

8.5.1.1 ‘BB EIESIRI(CS)

Fr3%5 | BI(CS)3%EF AFE9SX IRE T SPI @5, UCSHIREY, BRITHEONEERS. BNRMEEP, CSHMRFRE
Fo HBRITEETH, BEFF4HEESDN te BHHBAISCS. HCSKAISY, HITEROME L SCLK,DIN #&2
B%, DOUT it SMATURTS. TIECSHIRENBIERN, DRDYRIE HIERIBSH TR (assert)o

2 AFEQSX HOEERY, IREZINE/ \ N BITHHHITERNRITIES. WRIREFELRITHRITIES, WETREEIMNBEIFiK
AEIEFRTREOFRAN—DIRARS. MREBEMUHTEAZ—TENRTS, BCSHEBEMIIMR,

8.5.1.2 BRITAIEP(SCLK)

SCLK Z SPI BYER1TRY s, ERTMIREDHKZan SR, H1TIH SCLK BB —> Schmitt AR & A%\, e EEIZ IR AY
$9/EHAM DIN A DOUT 51 RIFE NFITZH AFE9SX, BMEMINERHEMR, LER AR SCLK B940%, LB LEREFHM
ROPRFBIITEI B, SCLK NEX A PRFIBYF7E TIMING REQUIREMENTS: SERIAL INTERFACE FRZ5H,

% AFE95X R (CSHTR), 1REBIRE ) \ N BTH R TRIIMNITIES. I, BRSFEOEEENEXTIE, &
PNERITIRERLITFE/ \ 1 SCLK BUERIET . ANRZOARNINGRBITII ML L, FJLLEIhECSHBIRKEE L

FHFEMEE, SCLK ERMRERERBE ML, BB, FRHEERRATE, T2 MRS, TF CASCADE
CONFIGURATION ZF X8 E A58, Equation 7 Fiir A/ SCLK REMITE,

Tscik < (for = 4fci) / (Neims x Neuanness + 24) 7
0, NS AFE9S5x BT 1ETE 500SPS (J\BiE, 24 (U5 ¥#E, YN/ SCLK 3RZEF 110kHz,
BTIZEIREF AT RDATAC B EiE &KX RDATA 15 IEEEIE. Equation 7 RILAI SCLK FHE[RHIEREEERT
RDATAC, XfF RDATA 3£%, WNREHIBMAEM MEZEADRDY(E S ZBlEZEMIE, NIEHIBIER, Equation 7 27
REHIERBNZ B2 EHECESHBERTHEN AR
8.5.1.2.1 SCLK B§hA5 %
BRFHAREHI SCLK 11835 5:35% & Figure 2 FRRBZF T SRR FEK,
3 F SCLK MIEEEHEE 2 FTmh tsoecope FIER, HCSHIRRT, (LM SCLK, XM EFEES BRETTHI SCLK
BE, BEECSHEN#ET, MEEAZIFERIBITH SCLK,
W F AR B E—FrT tsoecone ITFFERMIE RiEAY SCLK, SCLK 27/ \ IR K IE R (burst) hi#1T1E4 , FiaZ B A LR,
7£ TIMING REQUIREMENTS: SERIAL INTERFACE RAFFIE T EXT =AM SCLK BRHl, Figure 63 Fim A4 BRG]

SCLK 77&RIAREL
CS Continuous Stream Method
sew _ [JUUUUrUiUui - Juuy
CS Burst Method

SCLK o
Figure 63. SCLK Clocking Methods
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8.5.1.3 I ASIEI(DIN)
BN BI(DINY 5 SCLK —iEf T AFE9Sx (IR(ERBAMZEZER4UE)EE, ZI8E% DIN MUSIERETE SCLK By TR

[e]

8.5.1.4 ¥k |B(DOUT)

LeEm SR DOUT 5 SCLK —iicFA M AFE9Sx FEIRERAEIRM F 1728 LRYEHE, DOUT ERVERIETE SCLK BY Lo
tHo HCSHEEY, DOUT #HNSMETURE. EELIFHIERINT, DOUT B TR E RN EHBUIETT A, EALLI
RER] Us/ MUiIg & 5 R YtiThlEs Z BIIEREHNE,

(¢ (¢ (¢ (¢ (¢ (¢ (¢ (¢ (¢

m ) ) ) ) ) ) ) ) )
_ —
(&) « « « « « « « « I—S

) ) ) ) ) ) ) )
ST 113 P P W P P 1 1 P P P P P
< 216 SCLKs >
( ( ( ( ( ( ( ( (
DOUT ’STAT ><{3 CH1 ><23 CH2 ><23 CH3 ><2()CH4 ><2(’CH5 ><23 CH6 ><23 CH7 ><23 CH8 >———
) ) ) ) ) ) ) ) )

24-Bit 24-Bit 24-Bit 24-Bit 24-Bit 24-Bit 24-Bit 24-Bit 24-Bit

« « « « « « « « «
DIN » ) » » » » ) ) »

Figure 64. SPI Bus Data Output for the AFE958/AFE959 (Eight Channels)
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8.5.2 SPI TS EN

AFE9Sx 12 T RIZNECE TR, Table 32 RE5RVIEL M ITHIMACE AFEOSX BUIR(F. PR T HBESL — e F I AIMIE
WHEFRRGRE, He, HERCHnTHZ IR, FE<LZEN, CSAUBKNSHERFR, BEXTFEMEIRE
FRIRTFE2F TR, CSHRIARFER. RS RDATA 3ELTEE £ SCLK BYTFEAHR AFE9SX fighS, ZHi7as
BURERIEES/\ D SCLK O T EAH AR, TEAHIES/ENECSH, MiRikE SPI IS FZEXR,

Table 32. Opcode Command Definitions

COMMAND DESCRIPTION FIRST BYTE SECOND BYTE Third BYTE
SYSTEM COMMANDS
WAKEUP | Wake up from standby mode 0000 0010 (02h) - -
STANDBY | Enter standby mode 0000 0100 (04h) — —
RESET Reset the device 0000 0110 (06h) — -
START Start/ res_tqrt (synchronize) 0000 1000 (08h) _ _
conversions
STOP Stop conversion 0000 1010 (0AN) — —
DATA READ COMMANDS
Enable Read Data Continuous
mode.
RDATAC | 11is mode is the default mode at 0001 0000 (10M) - -
power-up.(M
SDATAC Stop Read Data Continuously 0001 0001 (11h) _ _
mode
RDATA Recc_i data by command; supports 0001 0010 (12h) _ _
multiple read back.
Offset calibration command.
OFFSETCAL Support ADC channel calibration. 0001 1010 (1Ah) - -
REGISTER READ COMMANDS
RREG Read n nnnnregisters starting at 0017 rrrr (2xh)® 000N nANn®@ _
address r rrrr
WREG Write n nnnn registers starting at 0107 rrrr (Axh)® 000n nANN®@ _
address r rrrr
RREGX | Read nnnnnnnregisters starting af | 41440109 (E4n) Orrr rrrr Onnn nnnn
address rrr rrrr
wregx | Write nnnnnnnregisters starting at | 4391090 (ggh) Orrr rrrr Onnn nnnn
address rrrrrrr

7 1 HAF RDATAC 3BT, RREG i 2RE,
A 2 nnnnn = BEEY/EANNEFFSREE - 1. HlW0, EXEY/EAN=1"FFLE, 1BI&E nnnnn =0 (0010), rrmr =
B/ SRR Rtia T fFas it

8.5.2.1 WAKeUP: BHFMIE

WAKEUP 15 <R B {RIHFERIIETN. B{AZEEH STANDBY: ENTER STANDBY MODE 3453, BRHEFRVIER FERTE, FER
ELECTRICAL CHARACTERISTICS #53. X< T, SCLK BERZGHRE. B IEEANEAHZIES, BEERT
TN ERIESEMMTE 4 1 fo 2@ o

8.5.2.2 STANDBY: # A\FFNiE

STANDBY 15 NRINFERHURT. FRTSZ A DHNHECERIPIEH I 28 XH, FIRINIIFEFEE ELECTRICAL
CHARACTERISTICS #8733iBF, XM e< T, SCLK BURFSGHRE, &I1X WAKEUP 6p < LIEIREMEIEFRIF. BT
BROLTRERS, FLL, EHEXNTHEESRNRERA T,
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8.5.2.3 RESET: EFFRFIIAE

RESET 15 E UM FIRKEAA(cycle), HRMEFEIRLEIERBMEINE, *FEM RESET (RESET PIN AND RESET
COMMAND)&R73 . EXPEn<L T, SCLK WERKGHRE], AJUEERREARNIZIES. HITEMGSEE 18 1 tak
EIEABYAYIE]l, TELLERBYIEIA, REBERIEEMEL,

8.5.2.4 START: FFRiEHR

ZAR(EIE BB EUER R, fF START SIRIAHR OB s S 1= A%, WNRILMIEEHITH, Nitas<L T3, STOP #{Fian
LHRTIELRR, 1R START 5 /5 RIRE STOP ap<, MMM ar<LZBAA 4 1 tew FEIBVEIRR. = START $##{FH3
RIXFIZRHRS, £REF START 5IFI0RKEEF, HEIRWH STOP &5<. (BXEZIFMESR, 15207 START MODE #8493, )it
LB SCLK K G BIRH!, PILAKERY & o

8.5.2.5 STOP: {Z1Li%Hk

STOP $5<{F L4518 START 5IBIAIE, LUBIIE<LITHIF, & STOP 5<mAIX, [EME#HITRRIRTAG, H—F
BVRR RIS L. AIRFMBZFIE, Mo RBERR, &< T SCLK BIERREARS, PILTEEMYEL L ZiE

8.5.2.6 RDATAC: ELEiFENIE

RDATAC 532 #5£ 5 "\DRDY_ LA AR R IR, MABELEGERIIEIE . R RIRBIEREI LUSHER
B i(shift ouh BVt EFFesH. ELIREEIERIVEIREIIRIAMR. REEFVMEMURIENIA LR

RDATAC &R B2 L ELIREVEIE(SDATAC)IECTHUH. dNRIZEFAL T RDATA &=, SDATA IESHMEEMEEIES
FIRIXENRE, ZSX SCLK BREZH RS, BEMEMISRTITEIEREIR SCLKs o SDATAC 89 HIMEFFRE 4 towko
9l Figure 65 Ffin, RDATAC BYBYF B/~ 7 TEDRDYRK A B EMI A e L HiZ1E5< 8 4 M to IFRIFX, MREHEMIKER
[Eli52EI#43E, DOUT FIDRDYTELAET FHUITHEM. 7T EAIX RDATA 152 2 EMIKE P CISEEIE, HfR START 5|#
A&, 5#E START 35S AKX, Figure 65 FisufEFE RDATAC 155 MIE 5. RDATAC IEEERF IR CREBHT
ENENBRER, EXENARERT, FERRIE—N, F1EEENRE,

«
D

START !
(4
JRE— T D}
DrRDY ! ‘ ‘
S I | (,{,
scik [ AR 11
—» —typpae
DIN ‘ RDATAC Opcode > «
)
Hi-z i=-=--------om-monq £ EEEEEE
DOUT 4|—i I_I(stutus Register + &-Ch‘c{mnel Data (216 Bits) \'\ ‘ Next Data
)

(1) turpare = 4 / feik (Where foik = 1/ teik). Do not read data during this time.

Figure 65. RDATAC Usage

8.5.2.7 SDATAC: {S1LiELEiTENIE
SDATAC 15 B E 4R ENAIEIE T (RDATAC), %1593 SCLK KB R4, B2 F—MESUREEL 4w AHR.
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8.5.2.8 ADATA: IHENIE

7EDRDYZ HRfS, &iX RDATA 15 RIZENFIRLE R (1T SDATAC 1R T), ZIE<x SCLK &ABREl, X TF—MESH
FLEER SCLKs B R FEFHIE, £ RDATA LA 2/E, BEMREREIRMIE, FTEWHIR START 5IiISHE
START S5 94 &%, =1F3 RDATA f51REVEHE, IRIERILIS T — 1 DRDYRIHIME S, BRREHIE. Figure 66 FiR
79EF RDATA iR HIHEE 757, RDATA IFEERTOEREMOBERENARY, XENAF, HiREiER, FESHEL
MEZ BRI E N

START §

. o

( ‘
D)

SCLK
)
( RDATA ) RDATA
DIN Opcode « Opcode
)
Wz e - 5 oo
DOUT i Ksmrus Register+ 8 Channel Datal (216 Bits) X
J)

Figure 66. RDATA Usage

8.5.2.9 OFFSETCAL: BEiERIBIIE

i< AT ECEBEERE. RERESGERT ADC &8, &K PGA 2188 &K 4+ T ESERA T 1T OFFSETCAL, A
Tﬁ%fﬁ;ﬁﬁﬁﬁﬁﬁ ]/8 X VREF EE,EO

8.5.2.10 RiXZFHIES

AFE9Sx SRTTIROLIF TIRARD L. BE 4 1 tew AEIRMIBMNIT, FIL, BRIXZFNIESH, T2 4CLK A
—MNFERHERE T —PFHHERD o

Ebn, 405 CLK ;2 2.048MHz, M tspecone (4 tew)i@ 1.96 Hibs H SCLK 2 16MHz, — N FHHERALHEIEEZE 500 44
o HF LSBT S tsorcope MSE, PRUAGIUBRANBIEEER, RERIUESE —NFHHIRIEE 1.46 BV ZFEIR, M
403 SCLK 2 AMHz, —F TRV EIRZ 2 fF), EAERBSEEE T forcope MSE, MIERPIUAFRIER, HiX
RIET—1FT. AR _MERT, ILRRTHRORENSFTEH, MAEHES —MERHNNFRENFTIEH.
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8.5.2.11 RREG: NF1F23i%EN

RREG 152k ENEFF32E, RREG Si22— 1 2 FTMIES, REEEMNATERIENRYH. F—1FheliEmis
ST FEMUL, BFRENE N EDIEEBENTFERBER— NRBFEEH AR LR OXITF S Ees, N
1% E B FEE 0x20n #iit{mF2H ADDR_OFFSET_EN fii, FHHEIARTEME, 1&E ADDR_OFFSET _DIS fif L& 0x20h
[T

1. 1BSHE—1FT: 001r rrrr, EArrrr SECIAF R A0INE,

2. BSHEZANFF: 000n nnnn, EAF n nnnn 2EEMEESEE—-

g0 Figure 67 Fir, 121EBISE 17 4> SCLK B EFH AL E — 1 F 172507 MSB, LB TESIREIURIRL, EAE
RREG {5 ZRIFEKIE—1 SDATAC 5<%, PREG RAILIEEMERL . AT, AARESE—TNZFNES, REX
i SCLK B9530, 3T SCLK BIRZFEF—LEMRE, #1500 SERIAL CLOCK (SCLK)&F 7. EEA S ETEF, CSRMRRIN

1o
CS
—
1 9 17 25
SCLK I |‘| |‘| |‘| |‘|
S_
DN >< OPCODE 1 >< OPCODE 2 >\ (
—
____________________________________ _SS___
DOUT —, < REG DATA >< REG DATA + 1 ><

Figure 67. RREG Command Example: Read Two Registers Starting from Register 00h (ID
Register) (OPCODE 1 = 0010 0000, OPCODE 2 = 0000 0001)

8.5.2.12 WREG: EAFHFHR

WREG 15 mEFF&HR 5 HHE. WREG I5SR— 1 2 FNiE<S, REHENFEFHRMIERN. S 1MFNESEIRFD
MEFSME, F-MEEEESNEFESRLN 1. MRAABEFAESR LR OXTF it FEes, WisBERFEE
0x20h ithifR#%H#) ADDR_OFFSET_EN fiI, HEEiARSEA/GE, 1% & ADDR_OFFSET _DIS i LAiEkk 0x20h fRi%.

1. 1B8SHE—1FT: 010r rrrr, EA 1 SECIAF 1R AMINE,
2. BEWEZDFET: 010n nnnn, EHA n nnnn 2B EEMNFFSE808—-

EIRERFTZE, TESMUBRTHE(MSB 8X), W Figure 68 PR, WREG 15 R LIEERIBHELR W, FAM,
NEZIELAZFTES, X SCLK FERERF—LRE, 1¥1EM SERIAL CLOCK (SCLK)&ER3. EE N a<IZEH, CSWI

B
o ss
1 9 17 25

SCLK -

__SS,__
DIN /< OPCODE 1 >< OPCODE 2 >< REG DATA 1 >< REG DATA 2 >< SS

e -

Figure 68. WREG Command Example: Write Two Registers Starting from 00h (ID Register)
(OPCODE 1 = 0100 0000, OPCODE 2 = 0000 000T)
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8.5.2.13 RREGX: MEF{FaRiFAN

RREGX {51 ENF 728 B, RREG m<2— 1 2 FHMES, BESENATESRIENRLH, F—1MFHEEHS
IS METFEestit, BEENE N ENIEEEENTEFSHER —:

1. £—NMESFT: 11100100 HizEY B HER,

2. BEZMESET: O ACIES a8t

3. F=MESFET: Onnn-nnnn 2EIFENFEEE - 1,

IRIERIEE 25 1 SCLK EFHARE— 1778809 MSB Jit, 0 Figure 69 AR, Hig&EAFIREBUBESENE, B
ETEAH RREGX @39 Z 1A H SDTAC #%. RREGX S A UITEAEMEELZY, B, ATFHHISR—IZ2FHHS,
F it SCLK IHEZ PR, BABUATF SCLKNATAR. BXELIFMER, ESH SERIAL CLOCK (SCLK)EB5o 3
FEANHS, CSRMMK.

CS
ss
1 9 17 25 33

o AL SO AL TS AT,
S_

DN >< OPCODE 1 X OPCODE 2 X OPCODE 3 >\ .
_______________________________________________ v
DOUT— J( REGDATA X REG DATA+1><58_

Figure 69. RREGX Command Example: Read Two Registers Starting from Register 00h (ID
Register) (OPCODE 1 = 111000100, OPCODE 2 = 0000 0000, OPCODE 3 = 0000 000T)

8.5.2.14 WREGX: EAFE

WREGX 12{FIB &< B NSF R EIE. WREGX HSR— MNET IR, CERESHERIENHEN. B— 1 FHaE
EHSBRERNS R, BEBNE N THIEEES A\NSEREN-1,

1. HE—AMESTH: 11101000, Heb mr 2iRBEERbit,

2. HEIAMESTE: Ot 2ICIAS R,

3. E-MREERZFET: Onnn-nnnn EEEANNFERE - 1,

ERERFNZE, BTRESFHHLIE(AMSB F—48), W Figure 70 FiiR. WREGX < 7] LIEEMBY &K to
B, HFteLE—1NEF NS, At SCLK REXZ2IRE, BAEBRT SCIKHAHAR. BXEZFAER, 15

£ SERIAL CLOCK (SCLK)& 530 XMFEAN T, CSHIMAH,

cs

-
1 9 17 25 33

SCLK
S_
5
DIN /< OPCODE 1 >< OPCODE 2 >< OPCODE 3 >< REG DATA 1 >< REG DATA 2 ><SS
DOUT _(, _________________________________________________________________________________ -ss_
________________________________________________________________________________ _SS_

Figure 70. WREGX Command Example: Write Two Registers Starting from 00h (ID Register)
(OPCODE 1 = 1110 1000, OPCODE 2 = 0000 0000, OPCODE 3 = 0000 0001)
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?2. REGISTER MAPS

Table 33 lists the various AFE95x registers.
Table 33. Register Assignments

RES
ADDRE | REGISTER (lIE-ITE BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
X)
DEVICE SETTINGS (READ-ONLY REGISTERS)
oon | D [ > | DEV.ID7 | DEV.ID6 DEV_ID5 DEV_ID4 DEV_ID3 DEV_ID2 DEV_ID1 DEV_IDO
GLOBAL SETTINGS ACROSS CHANNELS
0lh | CoNFiGT | 06 HR DAISY EN CLK_EN MODCLK1 MODCLKO DR2 DRI DRO
02h | CONFIG2 | 40 0 0 WCT_CHOP INT_TEST 0 TEST_AMP TEST_FREQ] TEST_FREQO
03h | CONFIG3 | 40 | PD REFBUF 1 VREF_4V RSV RLDREF_INT PDRLD | RLD_LOFF SENS |  RLD_STAT
04h LOFF 00 | COMPTH2 | COMP_THI COMP_THO RSV ILEAD_OFF1 | ILEAD_OFFO | FLEAD_OFF1 | FLEAD_OFFO
CHANNELSPECIFIC SETTINGS
05h CHISET 00 PD1 GAIN12 GAINTT GAIN1O 0 MUX12 MUX11 MUX10
06h CH2SET 00 PD2 GAIN22 GAIN21 GAIN20 0 MUX22 MUX21 MUX20
07h CH3SET 00 PD3 GAIN32 GAIN31 GAIN30 0 MUX32 MUX31 MUX30
08h CHaSET 00 PD4 GAINA2 GAINAT GAIN4O 0 MUX42 MUXa1 MUX40
0%h CHBSET® | 00 PD5 GAIN52 GAIN51 GAIN50 0 MUX52 MUX51 MUX50
0Ah | CH6SET® | 00 PD6 GAING2 GAINGT GAIN6O 0 MUX62 MUX61 MUX60
0Bh CH7SET® | 00 PD7 GAIN72 GAIN7T GAIN70 0 MUX72 MUX71 MUX70
0Ch | CH8SET® | 00 PD8 GAIN82 GAIN8T GAIN80 0 MUX82 MUX81 MUX80
0Dh | RLD_SENSP® | 00 RLDEPO) RLD7PO RLD&PO) RLD5P® RLD4P RLD3P RLD2P RLDIP
OEh | RLD _SENSN® | 00 RLDBN® RLD7NG RLDEN® RLD5N® RLDAN RLD3N RLD2N RLDIN
OFh | LOFF_SENSP® | 00 LOFF8P LOFF7P LOFF6P LOFF5P LOFF4P LOFF3P LOFF2P LOFFIP
10n | LOFF_SENSN® | 00 LOFFeN LOFF7N LOFF6N LOFFSN LOFFAN LOFF3N LOFF2N LOFFIN
11h | LOFF.FLP | 00 | LOFFFLUP8 | LOFF_FLIP7 LOFF_FLIP6 LOFF_FLIP5 | LOFF_FLIPA LOFF_FLIP3 LOFF_FLIP2 LOFF_FLIP1
LEAD-OFF STATUS REGISTERS (READ-ONLY REGISTERS)
12n | LOFF STATP | 00 | IN8P_OFF IN7P_OFF IN6P_OFF IN5P_OFF IN4P_OFF IN3P_OFF IN2P_OFF IN1P_OFF
13h | LOFF.STATN | 00 | IN8N_OFF IN7N_OFF IN6N_OFF INSN_OFF INAN_OFF IN3N_OFF IN2N_OFF ININ_OFF
GPIO AND OTHER REGISTERS
14n GPIO OF GPIODA GPIOD3 GPIOD2 GPIOD1 GPIOCA GPIOC3 GPIOC2 GPIOCI
15h PACE 00 0 0 0 PACEE! PACEEO PACEOT PACEOO D _PACE
Ton - " RESP_ RESP_MOD_ 1 RESP_PH2 RESP_PH1 RESP_PHO RESP_CTRLI RESP_CTRLO
DEMOD_EN1 ENT
17h | CONFiGa | 00 0 0 0 0 SINGLE_SHOT | WCT TO_RID |PD_IGFF_ COMP| " g e
18h WCTI 00 | aVF_CHé QVL_CH5 QVR_CH7 QvR_CH4 D WCTA WCTA2 WCTAT WCTAO
19n WCT2 0 | o were PD_WCTB WCTB2 WCTBI WCTBO WCIC2 WCICT WCTCO
ENHANCE FEATURE REGISTERS
1Ah WCT3 00 | wcrsw? WCT_SW6 WCT_SW5 WCT SW4 | WCT_SWAEN | WCT BUF_LP 0 WCTBYPASS. 8
ICh | CONFIG5 | 00 | OSC_FSELI OSC_FSELO 0 0 DAISY_ONE_BIT LOFFfSCENSfDE HS_MODE LP2_MODE
IDh | CONFics | 32 0 I0_DRV IO_SLEW pout prv | SRB! —'w\" UX_S | SRBI —g\l,JVFOUT RLDREF_CTRL3 | P5VREF_ON
RLD_INMUX_S
1Eh | CONFIG7 | 00 |RLD_LOCAL F8 W RESP_CHOP_EN | RESP_PH3 RESP_DR2 RESP_DRI RESP_DRO RESP_DR_EN
¥h | conries | oo |ADDROFFSEL | coier AN SET GAIN_SET0 | SRB2INMUXCS | RLV6INMUX__ | VDAC_RLDAMP | VDAC_BUFOUT
EN w SwW “sw “sw
20h | CONFIGO | 40 | ACLOEN | PDB_VREFCM 0 PDB_VDAC B | RLD_LOFF_FOR | RLDIN.TOREF_ | ypep spsy RLD_RES
UF MAT ON
21h | LOFF.CFG1 | 00 RLDfC,\? MPE | CuUR_LEVEL ISTEPS ISTEP4 ISTEP3 ISTEP2 ISTEP1 ISTEPO
2h | LOFF cFe2 | 0o AC—EXG%T—'MA AC—EXGC]T—'MA AC_EXCT_IMAGO RLD—CHgMP—T RLD—C?MP—TH RLD—?_SMP—T DEBOUNCE! | DEBOUNCEQ
23h | LOFF ACLO1 | 00 | ACLO_ENS | ACLO_EN7 ACLO_EN6 ACLO_EN5 | ACLO_EN4 | ACLO_EN3 ACLO_EN2 ACLO_EN1
24n | LOFF ACLO2 | 45 | sQUARE WAVE | ACPVFACTO | ipac oprser en | RID-DACAC | achiv FR@s | ACDIV FR@2 | ACDIV_FRQ1 | ACDIV_FRQD
25h REDR2P 00 Acfsigfv"" AQEXGC]T*VMA ACfEXCJfVMAG 0 0 WCT_CHOP2 | WCT_CHOP1 | WCT_CHOPO
26n | CHMUX MisB | op | CHE-MUXMS | CHIMUXMS | e mux mss | “HE-BVXM | cra mux miss | CHEMUXMS | e mux mss | cHi_mux miss
27n | LOFFCMPFL | ™| LOFF_CMP_FLI | LOFF_CMP_FLI | | e vio e o | LOFF_CMP_FL | LOFF_CMP_FLIP | LOFF_CMP_FLI | LOFF_CMP_FLIP | LOFF_CMP_FLIP
P P8 P7 IP5 4 P3 2 1
28h | LOFF_SENSNT | 00 |  LOFFeNI LOFF7NT LOFF6NT LOFF5N1 LOFFANT LOFF3N1 LOFF2NT LOFFINI
20n | LOFF_SENSP1 | 00 LOFF8P1 LOFF7P1 LOFF6P1 LOFF5P1 LOFF4P1 LOFF3P1 LOFF2P1 LOFFIPI
2Ah | SRBI_COFIG | 00 | SRBI_SW8 SRB1_SW7 SRBT_SW6 SRB1_SW5 SRB1_SW4 SRB1_SW3 SRB1_SW2 SRBT_SW1
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RES
ADORE | REGISTER (EE BIT7 BIT6 BITS BIT 4 BIT3 BIT2 BIT1 BITO

X)
28h | RLD DAC | 20 | RLD_DACEN | RLD_VREF.SEL | RLD_DAC5 RLD.DAC4 | RLD_DAC3 RLD_DAC2 RLD_DACT RLD_DACO
2Ch | XOSC_CFG | 04 | XOSCEN | XOSC_DRIVE CHOPXCS(I?MRM VOTAC]MfSE" VOTACM_SELO | XOSC_ALCEN | XOSC_DIV1 XOSC_DIVO
aan | misc ana | Fo | ADDROFFSEL. 1 1 1 0 0 RIN_LOFF EN | LOFF-CHP-FLP
35h | MODSIAT | 00 | RLD_LOFFP | RLD_LOFF.N 0 SDC_MODE SToP STARNDBY EFU_UERR EFU_CERR
36h | CMD.STAT | 00 0 OFFSE,\T/TDCALC RDATAC_CMD | RDATA_CMD | REGXRD_CMD REGXV‘D'RfCM REG_RD_CMD | REG_WR_CMD
ath | POAPOORS | 00 | pGABP.OOR | PGATP.OOR | PGAGP.OOR | PGASP_OOR | PGA4P OOR | PGA3P.OOR | PGA2P_OOR | PGAIP_OOR
agh | POANOORS | 00 | PGABN OOR | PGA7N.OOR | PGASN OOR | PGASN OOR | PGAAN OOR | PGAIN OOR | PGAZN OOR | PGAIN OOR

Note 1: CH5SET and CH6SET are not available for the AFE954. The CH7SET and CHS8SET registers are not
available for the AFE956.
Note 2: The RLD_SENSP, PACE_SENSP, LOFF_SENSP, LOFF_SENSN, and LOFF_FLIP registers bits(5:4) are not
available for the AFE954. Bits(7:6) are not available for the AFE956.

2.1 REGISTER DESCRIPTIONS

The read-only ID control register is programmed during device manufacture to indicate device
characteristics.

9.1.1 ID: ID CONTROL REGISTER (ADDRESS = O0H) (RESET = XXH)

Return to the SUMMARY TABLE.

Table 34. 1D Control Register Field Descriptions

BIT

FIELD

TYPE

RESET

DESCRIPTION

7:6

DEV_ID(7:6)

R xh

Device revision ID
These bits indicate the revision of the device and are
subject to change without notice.

5:2

DEV_ID(3:0)

Device identification
These bits indicate the device.
0010: AFE95x ADC resolution 24 bit

1.0

NU_CH(1:0)

Number of channels

These bits indicate number of channels of the device
identification.

00: 4-channel product

01: 6-channel product

10: 8-channel product

11: Reserved
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92.1.2 CONFIG1: CONFIGURATION REGISTER 1 (ADDRESS = 01H) (RESET = 06H)
Table 35. Configuration Register 1 Field Descriptions

BIT FIELD TYPE | RESET DESCRIPTION
High-resolution or low-power mode
This bit determines whether the device runs in low-power or
7 HR R/W Oh high-resolution mode.
0 = LP mode
1 = HR mode
Daisy-chain or multiple readback mode
6 DAISY EN R/W oh This blt.deterrr.\mes which mode is enabled.
0 = Daisy-chain mode
1 = Multiple readback mode
CLK connection®™
This bit determines whether the internal oscillator signal is
5 CLK_EN R/W Oh connected to the CLK pin when the CLKSEL pin = 1.
0 = Oscillator clock output disabled
1 = Oscillator clock output enabled
Modulator clock setting
) ) 00: fcik / 4 when HR = 1 and fcik / 8 when HR = 0 (default).
43 MODCLK(1:0) RIW Oh 10: fcik / 2 when HR = 1 and HS_MODE = 1.
Others: Reserved.
These bits determine the output data rate of the device.
HR LP uLp
ayy | OVERSAMPLING HSMode | Mode | Mode | Mode
RATIO DATA DATA DATA DATA
RATEM | RATE() | RATE(M | RATE(H
000 fmop / 16 64kSPS | 32kSPS | 16kSPS 8kSPS
001 fmop / 32 32kSPS 16kSPS 8kSPS 4kSPS
2:0 DR(2:0) RIAW | 6h 11010  fvop / 64 16kSPS | 8KkSPS | 4kSPS | 2kSPS
011 fmop / 128 8KkSPS 4kSPS 2kSPS 1kSPS
100 fmop / 256 4kSPS 2kSPS 1kSPS 500SPS
101 fmop / 512 2kSPS 1kSPS 500SPS | 250SPS
1kSPS 500SPS | 250SPS | 125SPS
11 f 1024
0| fuoo /10 (defaulty | (defaulty | (default) | (default)
111 N/A N/A N/A N/A N/A

Note: Additional power is consumed when driving external devices.
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9.1.3 CONFIG2: CONFIGURATION REGISTER 2 (ADDRESS = 02H) (RESET = 40H)

Table 36. Configuration Register 2 Field Descriptions
BIT FIELD TYPE | RESET DESCRIPTION

7:6 RESERVED R/W 1h Reserved

WCT chopping scheme

This bit determines whether the chopping frequency
5 WCT_CHOP R/W Oh of WCT amplifiers is variable or fixed.

0 = Chopping frequency varies. See Table 23.

1 = Chopping frequency constant at fuop / 16

Test source

This bit determines the source for the test signal.

0 = Test signals are driven externally.

1 = Test signals are generated internally.

Test signal amplitude

These bits determine the calibration signal amplitude.
00 =1 x (*(VREFP - VREFN)) / 2400V

01 = 2 x (*x(VREFP - VREFN)) / 2400V

10 = 10 x (£(VREFP - VREFN)) / 2400V

11 = Reserved

Test signal frequency

These bits determine the calibration signal frequency.
00 = Pulsed at fow / 221

01 = Pulsed at fowc / 220

10 = Not used

11 =Atdc

4 INT_TEST R/W Oh

3:2 TEST_AMP(1:0) R/W Oh

1:0 TEST_FREQ(1:0) R/W oh

© 2024 AnalogySemi Ltd. All Rights Reserved. Confidential www.analogysemi.com | Page 67 of 118



AFEP54/AFE956/NFEF58/NFEP59
RI0FE. 8 @IE. 24 (U ADNERRINETIH

9.1.4 CONFIG3: CONFIGURATION REGISTER 3 (ADDRESS = 03H) (RESET = 40H)

Configuration register 3 configures multireference and RLD operation. Return to the SUMMARY TABLE.
Table 37. Configuration Register 3 Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION
Power-down reference buffer
This bit determines the power-down reference buffer
7 PD_REFBUF R/W Oh state.
0 = Power-down internal reference buffer
1 = Enable internal reference buffer
Reserved
6 RESERVED R/W 1h Always write 1h
Reference voltage
This bit determines the reference voltage, VREFP.
5 VREF_4V R/W Oh 0 = VREFP is set to 2.4V.
1 = VREFP is set to 4V (used only with a 5V analog
supply).
4 RSV R/W Oh Reserved
RLDREF signal
This bit determines the RLDREF signal source.
3 RLDREF_INT R/W Oh 0 = RLDREF signal fed externally
1 = RLDREF signal (AVDD - AVSS) / 2 generated
internally
RLD buffer power
This bit determines the RLD buffer power state.
2 PD_RLD RIW Oh 0 = RLD buffer is powered down.
1 = RLD buffer is enabled.
RLD sense function
This bit enables the RLD sense function.
! RLD_LOFF_SENS RIW Oh 0 = RLD sense is disabled.
1 = RLD sense is enabled.
RLD lead-off status
This bit determines the RLD status.
0 RLD_STAT R Oh 0 = RLD is connected.
1 =RLD is not connected.
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92.1.5 LOFF: LEAD-OFF CONTROL REGISTER (ADDRESS = 04H) (RESET = OOH)

The lead-off control register configures the lead-off detection operation. Return to the SUMMARY TABLE.

Table 38. Lead-Off Control Register Field Descriptions
BIT FIELD TYPE | RESET DESCRIPTION

Lead-off comparator threshold

The threshold is used both for InxN/InxP and RLD if
RLD_COMP_EN is 0. It is only valid for INnXN/InxP if
RLD_COMP_EN is 1.

Comparator positive side

000 = 95%

001 = 92.5%

010 = 90%

011 =87.5%

100 = 85%

101 = 80%

110 = 75%

111 =70%

Comparator negative side

000 = 5%

001 =7.5%

010 = 10%

011 =12.5%

100 = 15%

101 = 20%

110 = 25%

111 =30%

4 RSV R/W Oh Reserved

Lead-off current magnitude

It comes from ILEAD_OFF(1:0) when CUR_LEVEL is O,
and the lead-off current magnitude comes from
ISTEP(5:0) when CUR_LEVEL is 1.

These bits determine the magnitude of current for the
current lead-off mode.

00 =9nA

01 =18nA

10=32nA

11 =40nA

Lead-off frequency when ACLO_EN is 0.

These bits determine the frequency of lead-off detect
for each channel.

00 = When any bits of the LOFF_SENSP or LOFF_SENSN
registers are turned on, make sure that FLEAD(1:0) are
either setto 01 or 11.

01 = AC lead-off detection at for / 4

10 = Do not use

11 = DC lead-off detection turned on

1.0 FLEAD_OFF(1:0) R/W Oh Lead-off frequency is ACDIV_FRQ(3:0) when ACLO_EN
is 1.

These bits determine the frequency of lead-off detect
for each channel.

00 = ACLO lead-off hardware enable. The lead-off
frequency is decided by LOFF_ACLO2.

01 = Do not use

10 = Do not use

11 = ACLO lead-off software enable. The lead-off
frequency is decided by LOFF_ACLO2.

7:5 COMP_TH(2:0) R/W Oh

3:2 ILEAD_OFF(1:0) R/W oh
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9.1.6 CHNSET: INDIVIDUAL CHANNEL SETTINGS (N = 1 TO 8) (ADDRESS = O5H TO
OCH) (RESET = OOH)

The CH(1:8)SET control register configures the power mode, PGA gain, and multiplexer settings channels. See
the INPUT MULTIPLEXER section for details. CH(2:8)SET are similar to CHI1SET, corresponding to the respective
channels. Return to the SUMMARY TABLE.

Table 39. Individual Channel Settings (n = 1 to 8) Field Descriptions
BIT FIELD TYPE | RESET DESCRIPTION

Power-down

This bit determines the channel power mode for the
corresponding channel.

0 = Normal operation

1 = Channel power-down

When powering down a channel, it is recommended
that the channel be set to input short by setting the
appropriate MUXn(2:0) = 001 of the CHNSET register.
PGA gain

These bits determine the PGA gain setting.

000 =6

001 =1

010=2

011=3

100=4

101 =8

110=12

111 =24

Reserved

Always write Oh

Channel input

These bits determine the channel input selection. Used
together with CHMUX_MSB CHx_MUX_MSB to control
the input. {CHx_MUX_MSB, MUXn} groups a 4 bits.
0000 = Normal electrode input

0001 = Input shorted (for offset or noise
measurements)

010 = Used in conjunction with RLD_MEAS bit for RLD
measurements. See the RIGHT LEG DRIVE (RLD) DC
BIAS CIRCUIT section for more details.

0011 = MVDD for supply measurement

0100 = Temperature sensor

0101 = Test signal

0110 = RLD_DRP (positive electrode is the driver.)
0111 = RLD_DRN (negative electrode is the driver.)
1000 = RLD_DRPM (both positive and negative inputs
are connected to RLDIN.)

1001 = RESP_P/RESP_M

1010 = AFE BYPASS

Others = Reserved

7 PDn R/W Oh

6:4 GAINN(2:0) R/W Oh

3 RESERVED R/W Oh

2:0 MUXn(2:0) R/W oh

Page 70 of 118 | www.analogysemi.com Confidential © 2024 AnalogySemi Ltd. All Rights Reserved.



AFE?254/NAFED56/AFEP58/NAFEP59
RIh#E. 8 @IE. 24 (U AINERIEIF] G

9.1.7 RLD_SENSP: RLD POSITIVE SIGNAL DERIVATION REGISTER (ADDRESS = ODH)
(RESET = OOH)

This register controls the selection of the positive signals from each channel for right leg drive (RLD) derivation.
See the RIGHT LEG DRIVE (RLD) DC BIAS CIRCUIT section for details. Return to the SUMMARY TABLE.

Registers bits(5:4) are not available for the AFE956, AFE958, or AFE959. Bits(7:6) are not available for the AFE958,
or AFE959.

Table 40. RLD Positive Signal Derivation Register Field Descriptions
BIT FIELD TYPE | RESET DESCRIPTION

IN8P to RLD

Route channel 8 positive signal into RLD derivation
0: Disabled

1: Enabled

IN7P to RLD

Route channel 7 positive signal into RLD derivation
0: Disabled

1: Enabled

IN6P to RLD

Route channel 6 positive signal into RLD derivation
0: Disabled

1: Enabled

INSP to RLD

Route channel 5 positive signal into RLD derivation
0: Disabled

1: Enabled

IN4P to RLD

Route channel 4 positive signal into RLD derivation
0: Disabled

1: Enabled

IN3P to RLD

Route channel 3 positive signal into RLD derivation
0: Disabled

1: Enabled

IN2P to RLD

Route channel 2 positive signal into RLD channel
0: Disabled

1: Enabled

INTP to RLD

Route channel 1 positive signal into RLD channel
0: Disabled

1: Enabled

7 RLD8P R/W Oh

6 RLD7P R/W Oh

5 RLD6P R/W Oh

4 RLDS5P R/W Oh

3 RLD4P R/W Oh

2 RLD3P R/W Oh

1 RLD2P R/W Oh

0 RLD1P R/W Oh
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9.1.8 ALD_SENSN: RLD NEGATIVE SIGNAL DERIVATION REGISTER (ADDRESS =
0€H) (RESET = OOH)

This register controls the selection of the negative signals from each channel for right leg drive derivation.
See the RIGHT LEG DRIVE (RLD) DC BIAS CIRCUIT section for details. Return to the SUMMARY TABLE.

Registers bits(5:4) are not available for the AFE956, AFE958, or AFE959. Bits(7:6) are not available for the AFE958,
or AFE959.

Table 41. RLD Negative Signal Derivation Register Field Descriptions
BIT FIELD TYPE | RESET DESCRIPTION

IN8N to RLD
Route channel 8 negative signal into RLD derivation
0: Disabled
1: Enabled
IN7N to RLD
Route channel 7 negative signal into RLD derivation
0: Disabled
1: Enabled
IN6N to RLD
Route channel 6 negative signal into RLD derivation
0: Disabled
1: Enabled
INSN to RLD
Route channel 5 negative signal into RLD derivation
0: Disabled
1: Enabled
IN4N to RLD
Route channel 4 negative signal into RLD derivation
0: Disabled
1: Enabled
IN3N to RLD
Route channel 3 negative signal into RLD derivation
0: Disabled
1: Enabled
IN2N to RLD
Route channel 2 negative signal into RLD derivation
0: Disabled
1: Enabled
INTN to RLD
Route channel 1 negative signal into RLD derivation
0: Disabled
1: Enabled

7 RLD8N R/W Oh

6 RLD7N R/W Oh

5 RLD6N R/W Oh

4 RLDSN R/W Oh

3 RLD4AN R/W Oh

2 RLD3N R/W Oh

1 RLD2N R/W Oh

0 RLDIN R/W Oh
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9.1.9 LOFF_SENSP: POSITIVE SIGNAL LEAD-OFF DETECTION REGISTER (ADDRESS =

OFH) (RESET = OOH)

This register selects the positive side from each channel for lead-off detection. See the LEAD-OFF DETECTION
section for details. The LOFF_STATP register bits are only valid if the corresponding LOFF_SENSP bits are set to

1. Return to the SUMMARY TABLE.

Registers bits(5:4) are not available for the AFE956, AFE958, or AFE959. Bits(7:6) are not available for the AFE958,

or AFE959.

Table 42. Positive Signal Lead-Off Detection Register Field Descriptions

BIT FIELD

TYPE

RESET

DESCRIPTION

7 LOFF8P

R/W

Oh

IN8P lead-off

Enable lead-off detection on IN8P
0: Disabled

1: Enabled

6 LOFF7P

R/W

Oh

IN7P lead-off

Enable lead-off detection on IN7P
0: Disabled

1: Enabled

5 LOFF6P

R/W

Oh

IN6P lead-off

Enable lead-off detection on IN6P
0: Disabled

1. Enabled

4 LOFF5P

R/W

Oh

IN5P lead-off

Enable lead-off detection on INSP
0: Disabled

1: Enabled

3 LOFF4P

R/W

Oh

IN4P lead-off

Enable lead-off detection on IN4P
0: Disabled

1: Enabled

2 LOFF3P

R/W

Oh

IN3P lead-off

Enable lead-off detection on IN3P
0: Disabled

1: Enabled

1 LOFF2P

R/W

Oh

IN2P lead-off

Enable lead-off detection on IN2P
0: Disabled

1. Enabled

0 LOFF1P

R/W

Oh

IN1P lead-off

Enable lead-off detection on IN1P
0: Disabled

1: Enabled
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9.1.10 LOFF_SENSN: NEGATIVE SIGNAL LEAD-OFF DETECTION REGISTER (ADDRESS

= 10H) (RESET = OOH)

This register selects the negative side from each channel for lead-off detection. See the LEAD-OFF DETECTION
section for details. The LOFF_STATN register bits are only valid if the corresponding LOFF_SENSN bits are set to

1. Return to the SUMMARY TABLE.

Registers bits(5:4) are not available for the AFE956, AFE958, or AFE959. Bits(7:6) are not available for the AFE958,

or AFE959.

Table 43. Negative Signal Lead-Off Detection Register Field Descriptions

BIT FIELD

TYPE

RESET

DESCRIPTION

7 LOFF8N

R/W

Oh

IN8N lead-off

Enable lead-off detection on INSN
0: Disabled

1: Enabled

6 LOFF7N

R/W

Oh

IN7N lead-off

Enable lead-off detection on IN7N
0: Disabled

1. Enabled

5 LOFF6N

R/W

Oh

IN6N lead-off

Enable lead-off detection on IN6N
0: Disabled

1: Enabled

4 LOFFSN

R/W

Oh

IN5N lead-off

Enable lead-off detection on INSN
0: Disabled

1: Enabled

3 LOFFAN

R/W

Oh

INAN lead-off

Enable lead-off detection on IN4AN
0: Disabled

1: Enabled

2 LOFF3N

R/W

Oh

IN3N lead-off

Enable lead-off detection on IN3N
0: Disabled

1. Enabled

1 LOFF2N

R/W

Oh

IN2N lead-off

Enable lead-off detection on IN2N
0: Disabled

1: Enabled

0 LOFFIN

R/W

Oh

INTIN lead-off

Enable lead-off detection on INTN
0: Disabled

1: Enabled
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92.1.11 LOFF_FLIP: LEAD-OFF FLIP REGISTER (ADDRESS = 11H) (RESET = O0H)

This register controls the direction of the current used for lead-off derivation. See the LEAD-OFF DETECTION

section for details. Return to the SUMMARY TABLE.
Table 44. Lead-Off Flip Register Field Descriptions

Bit Field Type Reset

Description

Channel 8 LOFF polarity flip
Flip the pullup/pulldown polarity of the current source or resistor

7 LOFF_FLIP8 R/W Oh on channel 8 for lead-off derivation.

0: No Flip: IN8P is pulled to AVDD and IN8N pulled to AVSS.
1: Flipped: IN8P is pulled to AVSS and IN8N pulled to AVDD.

Channel 7 LOFF polarity flip
Flip the pullup/pulldown polarity of the current source or resistor

6 LOFF_FLIP7 R/W Oh on channel 7 for lead-off derivation.

0: No Flip: IN7P is pulled to AVDD and IN7N pulled to AVSS.
1: Flipped: IN7P is pulled to AVSS and IN7N pulled to AVDD.

Channel 6 LOFF polarity flip
Flip the pullup/pulldown polarity of the current source or resistor

5 LOFF_FLIP6 R/W Oh on channel 6 for lead-off derivation.

0: No Flip: IN6P is pulled to AVDD and IN6N pulled to AVSS.
1: Flipped: IN6P is pulled to AVSS and IN6N pulled to AVDD.

Channel 5 LOFF polarity flip
Flip the pullup/pulldown polarity of the current source or resistor

4 LOFF_FLIP5 R/W Oh on channel 5 for lead-off derivation.

0: No Flip: IN5P is pulled to AVDD and INSN pulled to AVSS.
1: Flipped: IN5P is pulled to AVSS and IN5N pulled to AVDD.

Channel 4 LOFF polarity flip
Flip the pullup/pulldown polarity of the current source or resistor

3 LOFF_FLIP4 R/W Oh on channel 4 for lead-off derivation.

0: No Flip: IN4P is pulled to AVDD and IN4N pulled to AVSS.
1: Flipped: IN4P is pulled to AVSS and IN4N pulled to AVDD.

Channel 3 LOFF polarity flip
Flip the pullup/pulldown polarity of the current source or resistor

2 LOFF_FLIP3 R/W Oh on channel 3 for lead-off derivation.

0: No Flip: IN3P is pulled to AVDD and IN3N pulled to AVSS.
1: Flipped: IN3P is pulled to AVSS and IN3N pulled to AVDD.

Channel 2 LOFF polarity flip
Flip the pullup/pulldown polarity of the current source or resistor

1 LOFF_FLIP2 R/W Oh on channel 2 for lead-off derivation.

0: No Flip: IN2P is pulled to AVDD and IN2N pulled to AVSS.
1: Flipped: IN2P is pulled to AVSS and IN2N pulled to AVDD.

Channel 1 LOFF polarity flip
Flip the pullup/pulldown polarity of the current source or resistor

0 LOFF_FLIP1 R/W Oh on channel 1 for lead-off derivation.

0: No Flip: INTP is pulled to AVDD and INTN pulled to AVSS.
1: Flipped: IN1P is pulled to AVSS and INTN pulled to AVDD.
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9.1.12 LOFF_STATP: LEAD-OFF POSITIVE SIGNAL STATUS REGISTER (ADDRESS =
12H) (RESET = OOH)

This register stores the status of whether the positive electrode on each channel is on or off. See the LEAD-
OFF DETECTION section for details. Ignore the LOFF_STATP values if the corresponding LOFF_SENSP bits are NOT
set to 1. Return to the SUMMARY TABLE.

When the LOFF_SENSEP bits are 0, the LOFF_STATP bits should be ignored.
Table 45. Lead-Off Positive Signal Status Register Field Descriptions

BIT FIELD

TYPE

RESET

DESCRIPTION

7 IN8P_OFF

Oh

Channel 8 positive channel lead-off status
Status of whether IN8P electrode is on or off
0: Electrode is on.

1: Electrode is off.

6 IN7P_OFF

Oh

Channel 7 positive channel lead-off status
Status of whether IN7P electrode is on or off
0: Electrode is on.

1. Electrode is off.

5 IN6P_OFF

Oh

Channel 6 positive channel lead-off status
Status of whether IN6P electrode is on or off
0: Electrode is on.

1: Electrode is off.

4 INSP_OFF

Oh

Channel 5 positive channel lead-off status
Status of whether INSP electrode is on or off
0: Electrode is on.

1: Electrode is off.

3 INAP_OFF

Oh

Channel 4 positive channel lead-off status
Status of whether IN4P electrode is on or off
0: Electrode is on.

1: Electrode is off.

2 IN3P_OFF

Oh

Channel 3 positive channel lead-off status
Status of whether IN3P electrode is on or off
0: Electrode is on.

1. Electrode is off.

1 IN2P_OFF

Oh

Channel 2 positive channel lead-off status
Status of whether IN2P electrode is on or off
0: Electrode is on.

1: Electrode is off.

0 INTP_OFF

Oh

Channel 1 positive channel lead-off status
Status of whether IN1P electrode is on or off
0: Electrode is on.

1: Electrode is off.
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9.1.13 LOFF_STATN: LEAD-OFF NEGATIVE SIGNAL STATUS REGISTER (ADDRESS =
13H) (RESET = OOH)

This register stores the status of whether the negative electrode on each channel is on or off. See the LEAD-
OFF DETECTION section for details. Ignore the LOFF_STATN values if the corresponding LOFF_SENSN bits are
NOT set to 1. Return to the SUMMARY TABLE.

When the LOFF_SENSEN bits are 0, the LOFF_STATN bits should be ignored.

Table 46. Lead-Off Negative Signal Status Register Field Descriptions
BIT FIELD TYPE | RESET DESCRIPTION

Channel 8 negative channel lead-off status
Status of whether IN8N electrode is on or off
0: Electrode is on.
1: Electrode is off.
Channel 7 negative channel lead-off status
Status of whether IN7N electrode is on or off
0: Electrode is on.
1: Electrode is off.
Channel 6 negative channel lead-off status
Status of whether IN6N electrode is on or off
0: Electrode is on.
1. Electrode is off.
Channel 5 negative channel lead-off status
Status of whether IN5N electrode is on or off
0: Electrode is on.
1: Electrode is off.
Channel 4 negative channel lead-off status
Status of whether INAN electrode is on or off
0: Electrode is on.
1: Electrode is off.
Channel 3 negative channel lead-off status
Status of whether IN3N electrode is on or off
0: Electrode is on.
1: Electrode is off.
Channel 2 negative channel lead-off status
Status of whether IN2N electrode is on or off
0: Electrode is on.
1. Electrode is off.
Channel 1 negative channel lead-off status
Status of whether ININ electrode is on or off
0: Electrode is on.
1: Electrode is off.

7 IN8N_OFF R Oh

6 IN7N_OFF R Oh

5 IN6N_OFF R Oh

4 INSN_OFF R Oh

3 INAN_OFF R Oh

2 INSN_OFF R Oh

1 IN2N_OFF R Oh

0 INTN_OFF R Oh
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9.1.14 GPIO: GENERAL-PURPOSE 1/0 REGISTER (ADDRESS = 14H) (RESET = OFH)
The general-purpose |I/O register controls the action of the three GPIO pins. Return to the SUMMARY TABLE.

Table 47. General-Purpose |/O Register Field Descriptions

BIT

FIELD

TYPE

RESET

DESCRIPTION

7:4

GPIOD(4:1)

R/W

Oh

GPIO 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 external pins,
whether they are programmed as inputs or as outputs.
As outputs, a write to the GPIOD sets the output value.
As inputs, a write to the GPIOD has no effect.

3.0

GPIOC(4:1)

R/W

Fh

GPIO control (corresponding GPIOD)

These bits determine whether the corresponding
GPIOD pin is an input or output.

0 = Output

1 = Input

92.1.15 PACE: PACE DETECT REGISTER (ADDRESS = 15H) (RESET = O0H)

This register provides the pace controls that configure the channel signal used to feed the external pace
detect circuitry. See the PACE DETECT section for details. Return to the SUMMARY TABLE.

Table 48. Pace Detect Register Field Descriptions

BIT

FIELD

TYPE

RESET

DESCRIPTION

7:6

RESERVED

R/W

Oh

Reserved
Always write Oh

SRB1_GLOBAL

R/W

Oh

Stimulus, reference, and bias 1

This bit connects the SRB1 to all 4, 6, or 8 channels
inverting inputs. If it is one, the SRB1_CONFIG
configuration value will be ignored.

0: Switches are open.

1: Switches are closed.

4.3

PACEE(1:0)

R/W

Oh

Pace even channels

These bits control the selection of the even number
channels available on TEST_PACE_OUT1. Only one
channel may be selected at any time.

00 = Channel 2

01 =Channel 4

10 = Channel 6 (AFE956, AFE958, and AFE959)

11 = Channel 8 (AFE958 and AFE959)

2:1

PACEO(1:0)

R/W

Oh

Pace odd channels

These bits control the selection of the odd number
channels available on TEST_PACE_OUT2. Only one
channel may be selected at any time.

00 = Channel 1

01 =Channel 3

10 = Channel 5 (AFE956/AFE958 only)

11 = Channel 7 (AFE958 only)

PD_PACE

R/W

Oh

Pace detect buffer

This bit is used to enable/disable the pace detect
buffer.

0 = Pace detect buffer turned off.

1 = Pace detect buffer turned on.
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9.1.16 RESPIRATION CONTROL REGISTER (ADDRESS = 16H) (RESET = OOH)

This register provides the controls for the respiration circuitry.

Table 49. Respiration Control Register Field Descriptions
BIT FIELD TYPE RESET DESCRIPTION

Enable the respiration demodulation circuitry

This bit enables or disables the demodulation circuitry on
7 RESP_DEMOD_ENT1 R/W Oh channel 1.

0 = RESP demodulation circuitry turned off

1 = RESP demodulation circuitry turned on

Enable the respiration modulation circuitry

This bit enables or disables the modulation circuitry on channel
6 RESP_MOD_ENT1 R/W Oh 1.

0 = RESP modulation circuitry turned off

1 = RESP modulation circuitry turned on

5 RESERVED R/W Oh Always write 1h

Respiration phase
RESP_PH(3) is RESP_PH_MSB.

RESP_FREQ(2:0) =
RESP_FREQ(2:0) | RESP_FREQ(2:0) = RES3F;ij:§J|? ?IQEdQ
=3'b001 and 3’b001 and _A3K_| =
RESP_PH(3:0) RESP_43K_FREQ | RESP_43K_FREQ = 1'b0 (64kHz)
= 1'b0 (32kHz) 1'b1 (43kHz) | RESP_43K_FREQ =
1’b1 (43kHz)
0000 0° (default) 0° (default) 0° (default)
0001 11.25° 7.5° 22.5°
0010 22.5° 22.5° 45°
0011 33.75° 30° 67.5°
4:2 RESP_PH(2:0) R/W Oh 0100 45° A45° 90°
0101 56.25° 52.5° 112.5°
0110 67.5° 67.5° 135°
0111 78.75° 75° 157.5°
1000 90° 90° Not available
1001 101.25° 97.5° Not available
1010 112.5° 112.5° Not available
1011 123.75° 120° Not available
1100 135° 135° Not available
1101 146.25° 142.5° Not available
1110 157.5° 157.5° Not available
1M 168.75° 165° Not available

Respiration control

These bits set the mode of the respiration circuitry.
00 = No respiration

01 = External respiration

10 = Internal respiration with internal signals

11 = Internal respiration with user-generated signals

1.0 RESP_CTRL(1:0) R/W Oh

Note: The RESP_PH(3:0) phase control bits only for internal respiration (RESP_CTRL = 10) and external
respiration (RESP_CTRL = 01) modes when the CONFIG4.RESP_FREQ(2:0) register bits are 000b or 001b.
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9.1.17 CONFIG4: CONFIGURRTION REGISTER 4 (ADDRESS = 17H) (RESET = OOH)

Return to the SUMMARY TABLE.

Table 50. Configuration Register 4 Field Descriptions

BIT FIELD TYPE

RESET

DESCRIPTION

7:5 0 R/W

Oh

Must write to 0

4 RESERVED R/W

Oh

Reserved
Always write Oh

3 SINGLE_SHOT R/W

Oh

Single-shot conversion

This bit sets the conversion mode.
0 = Continuous conversion mode
1 = Single-shot mode

2 WCT_TO_RLD R/W

Oh

Connect WCT to RLD

This bit connects WCT to RLD.
0 = WCT to RLD connection off
1 = WCT to RLD connection on

1 PD_LOFF_COMPN R/W

Oh

Lead-off comparator power-down
This bit powers down the lead-off comparators.
0 = Lead-off comparators disabled
1 = Lead-off comparators enabled

0 RESP_43K_FREQ R/W

Oh

Respiration excitation frequency (42.667kHz or not)

0 = The respiration excitation frequency is decided by
RESP_FREQ(2:0).

1 = The respiration excitation frequency is 42.667kHz
and RESP_FREQ(2:0) must be set to 3'b000 or 3’'b001.

Note: These frequencies assume fcix = 2.048MHz.
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2.1.18 WCT1: WILSON CENTRAL TERMINAL AND AUGMENTED LEAD CONTROL
REGISTER (ADDRESS = 18H) (RESET = OO0H)

The WCT1 control register configures the device WCT circuit channel selection and the augmented leads.
Return to the SUMMARY TABLE.

Table 51. Wilson Central Terminal and Augmented Lead Control Register Field
Descriptions
BIT FIELD TYPE | RESET DESCRIPTION

Enable (WCTA + WCITB) / 2 to the negative input of
channel 6 (AFE956, AFE958, and AFE959)

0 = Disabled

1 = Enabled

Enable (WCTA + WCTC) / 2 to the negative input of
channel 5 (AFE956, AFE958, and AFE959)

0 = Disabled

1 = Enabled

Enable (WCTB + WCTC) / 2 to the negative input of
channel 7 (AFE958 and AFE959)

0 = Disabled

1 = Enabled

Enable (WCTB + WCTC) / 2 to the negative input of
channel 4

0 = Disabled

1 = Enabled

Power down WCTA

3 PD_WCTA R/W Oh 0 = Powered down

1 = Powered on

WCT Amplifier A channel selection, typically
connected to RA electrode

These bits select one of the eight electrode inputs of
channels 1 to 4.

000 = Channel 1 positive input connected to WCTA
amplifier

001 = Channel 1 negative input connected to WCTA
amplifier

010 = Channel 2 positive input connected to WCTA
amplifier

011 = Channel 2 negative input connected to WCTA
amplifier

100 = Channel 3 positive input connected to WCTA
amplifier

101 = Channel 3 negative input connected to WCTA
amplifier

110 = Channel 4 positive input connected to WCTA
amplifier

111 = Channel 4 negative input connected to WCTA
amplifier

7 aVF_CHé R/W Oh

6 aVL_CH5 R/W Oh

5 aVR_CH7 R/W Oh

4 aVR_CH4 R/W Oh

2:0 WCTA(2:0) R/W Oh
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92.1.19 WCT2: WILSON CENTRAL TERMINAL CONTROL REGISTER (ADDRESS = 19H)

(RESET = OOH)

The WCT2 configuration register configures the device WCT circuit channel selection. Return to the SUMMARY

TABLE.

Table 52. Wilson Central Terminal Control Register Field Descriptions

BIT FIELD

TYPE

RESET

DESCRIPTION

7 PD_WCTC

R/W

Oh

Power down WCTC
0 = Powered down
1 = Powered on

6 PD_WCTB

R/W

Oh

Power down WCTB
0 = Powered down
1 = Powered on

5:3 WCTB(2:0)

R/W

Oh

WCT amplifier B channel selection, typically
connected to LA electrode.

These bits select one of the eight electrode inputs of
channels 1 to 4.

000 = Channel 1 positive input connected to WCTB
amplifier

001 = Channel 1 negative input connected to WCTB
amplifier

010 = Channel 2 positive input connected to WCTB
amplifier

011 = Channel 2 negative input connected to WCTB
amplifier

100 = Channel 3 positive input connected to WCTB
amplifier

101 = Channel 3 negative input connected to WCTB
amplifier

110 = Channel 4 positive input connected to WCTB
amplifier

111 = Channel 4 negative input connected to WCTB
amplifier

2:0 WCTC(2:0)

R/W

Oh

WCT amplifier C channel selection, typically
connected to LL electrode.

These bits select one of the eight electrode inputs of
channels 1 to 4.

000 = Channel 1 positive input connected to WCTC
amplifier

001 = Channel 1 negative input connected to WCTC
amplifier

010 = Channel 2 positive input connected to WCTC
amplifier

011 = Channel 2 negative input connected to WCTC
amplifier

100 = Channel 3 positive input connected to WCTC
amplifier

101 = Channel 3 negative input connected to WCTC
amplifier

110 = Channel 4 positive input connected to WCTC
amplifier

111 = Channel 4 negative input connected to WCTC
amplifier
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9.1.20 WCT3: WILSON CENTRAL TERMINAL CONTROL REGISTER (ADDRESS = 1AH)
(RESET = OOH)

The WCT3 configuration register configures the device WCT circuit channel selection.
Table 53. Wilson Central Terminal Control Register Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION
WCT SW7 switch
7 WCT_SW7 R/W Oh 0 = Switch is off.
1 = Switch is on.
WCT SW6 switch
6 WCT_SWé R/W Oh 0 = Switch is off.
1 = Switch is on.
WCT SW5 switch
5 WCT_SW5 R/W Oh 0 = Switch is off.
1 = Switch is on.
WCT SW4 switch
4 WCT_SW4 R/W Oh 0 = Switch is off.

1 = Switch is on.

WCT SW4 switch enable

3 WCT_SW4_EN R/W Oh 0: The WCT SW4 switch output is disabled.
1: The WCT SW4 switch output is enabled.
WCT buffer lower power mode

2 WCT_BUF_LP R/W Oh 0: WCT A, B, C, O buffer high-power mode

1: WCT A, B, C, O buffer low-power mode
1 Reserved R/W Oh Must write 0

Bypass WCTB BUF output to WCT buffer switch
0 |WCT_BYPASS_BUFB R/W Oh 0 = Switch is off.

1 = Switch is on.

92.1.21 CONFIG5: CONFIGURATION REGISTER 5 (ADDRESS = 1CH) (RESET = O0H)

The CONFIG5 configuration register configures the device selection.

Table 54. Configuration Register § Field Descriptions
BIT FIELD TYPE RESET DESCRIPTION

Internal OSC frequency selection
00: 2.048MHz OSC

7:6 I0SC_FSEL R/W Oh 01: 1.024MHz OSC

10: 512kHz OSC

11: 256kHz OSC

5:4 Reserved R/W 0 Must write 0
Daisy Chain has one additional bit control.
3 DAISY_ONE_BIT R/W Oh 0: Daisy chain has no additional one dummy bit.

1: Daisy chain has additional one dummy bit.

LOFF SENS current switch standalone mode

0: The Lead-off current is controlled by LOFF_SENSP and

2 LOFF_SENS_DEC R/W Oh LOFF_SENSN, legacy mode.

1: The Lead-off current is controlled by LOFF_SENSP, LOFF_SENSN,
LOFF_SENSP1, and LOFF_SENSN1 to use four standalone switches.
High Speed enable

1 HS_MODE R/W Oh 0: Disable high speed mode

1: Enable high speed mode and HR must configure to one.
Low power mode2 enable

0 LP2_MODE R/W Oh 0: Disable low power mode2

1: Enable low power mode2 and HR must configure to zero.
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9.1.22 CONFIG6: CONFIGURRTION REGISTER 6 (ADDRESS = 1DH) (RESET = 32H)

The CONFIG6 configuration register configures the device selection.
Table 55. Configuration Register 6 Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION
7 Reserved R/W Oh Must write 0
I/O strong driver (3mA) mode enable except the DOUT pin
6 IO_DRV R/W 1h 0 = Strong mode enable

1 = Strong mode disable

I/O slew read mode enable

5 I0_SLEW R/W Oh 0 =10 slew rate boost mode disable

1 =10 slew rate boost mode enable
DOUT strong driver (3mA) mode enable

4 DOUT_DRV R/W Oh 0 = Strong mode enable

1 = Strong mode disable

SRB1 PIN input to mux switch

3 SRB1_INPUT_SW R/W Oh 0 = Switch is off.

1 = Switch is on.

SRB1 output to buffer switch

2 SRB1_BUF_SW R/W Oh 0 = Switch is off.

1 = Switch is on.

RLD AMP REF selection for RLDREF

If RLDREF_INT is 1, this bit will be ignored. If RLDREF_INT is 0, this bit
1 RLDREF_CTRL3 R/W 1h will be valid.

0: RLDREF for RLD_AMP source switch is off.
1: RLDREF for RLD_AMP source switch is on.
PS5VERF_ON switch enable

0 P5VREF_ON R/W Oh 0 = Switch is off.

1 = Switch is on.

Page 84 of 118 | www.analogysemi.com Confidential © 2024 AnalogySemi Ltd. All Rights Reserved.



AFE?254/NAFED56/AFEP58/NAFEP59
RIh#E. 8 @IE. 24 (U AINERIEIF] G

9.1.23 CONFIG7: CONFIGURATION REGISTER 7 (ADDRESS = 1€H) (RESET = O0H)

The CONFIG7 configuration register configures the device selection.

Table 56. Configuration Register 7 Field Descriptions

BIT

FIELD

TYPE

RESET

DESCRIPTION

RLD_LOCAL_FB

R/W

Oh

RLD local feed back function
0: RLD output route to input switch is off.
1: RLD output route to input switch is on.

RLD_INMUX_SW

R/W

Oh

RLD reroute to channel INMUX switch
0: The switch is off.
1: The switch is on.

Reserved

R/W

Oh

Must write 0

RESP_PH3

R/W

Oh

RESP phase configuration setting fo combine the RESP_PH(2:0) of
RESP register
Check the RESP register details.

3:1

RESP_DR(2:0)

R/W

Oh

RESP channel 1 has dedicated DR configuration when
RESP_DR_EN is enabled. The Respiration has better performance
when using the dedicated ODR setting. Lower ODR has better
performance, and the RESP channel 1 ODR must be less than
ECG channel ODR.

For High Speed and High Resolution modes

000: 16kSPS (fmop / 64)

001: 8kSPS (fmop / 128)

010: 4kSPS (fmop / 256)

011: 2kSPS (fmop / 512)

100: 1kSPS (fviop / 1024)

101: 500SPS (fmop / 2048)

110: 250SPS (fmop / 4096)

For Low Power and Ultra Low power modes

000: 8kSPS (fmop / 64)

001: 4kSPS (fmop / 128)

010: 2kSPS (fmop / 256)

011: TkSPS (fmop / 512)

100: 500SPS (fmop / 1024)

101: 250SPS (fmop / 2048)

110: 125SPS (fmop / 4096)

RESP_DR_EN

R/W

Oh

RESP channel 1 dedicated ODR enable

It is suggested to enable this bit when using the respiration
function for better performance.

0: RESP channel 1 shares the ODR configuration with the CONFIG1
DR setting.

1: RESP channel 1 uses the dedicated ODR setting with RESP_DR.
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9.1.24 CONFIG8: CONFIGURRTION REGISTER 8 (ADDRESS = 1FH) (RESET = OOH)

The CONFIG8 configuration register configures the device selection.
Table 57. Configuration Register 8 Field Descriptions

BIT FIELD

TYPE

RESET

DESCRIPTION

7 ADDR_OFFSET_EN

R/W

Oh

SPI RREG and WREG command address adds 0x20h offset
enable

Software writes to 1 and hardware clears to 0.

0: Ox20h address offset disable

1: 0x20h address offset enabled for RREG and WREG, and it is
cleared when ADDR_OFFSET_DIS is 0.

6:4 |  GAIN_SET(2:0)

R/W

Oh

Gain sefting with different gain configuration

The gain error will increase with gain increase. When using big
gain, increase the gain setting. When using small gain, reduce
the gain setting.

Gain_sefting == 3'b000 ? fsc_base :

gain_sefting == 3’'b001 ? (fsc_base <= 4'b1110: (fsc_base + 4'h1)
S4b1111):

gain_sefting == 3’'b010 ? (fsc_base <= 4'b1101 : (fsc_base + 4'h2)
C4b1111):

gain_sefting == 3’'b011 ? (fsc_base <= 4'b1100 : (fsc_base + 4'h3)
C4b1111):

gain_setfting == 3’'b100 ? (fsc_base >= 4'b0001 : (fsc_base - 4'h1)
: 4'b0000) :

gain_setting == 3’'b101 ? (fsc_base >= 4'b0010 : (fsc_base - 4'h2)
: 4’'b0000) :

gain_setting == 3’'b110 ? (fsc_base >= 4'b0011 : (fsc_base - 4’h3)
: 4’b0000) :

gain_setting ==3'b111 ? 4’b0000;

3 SRB2_INMUX_SW

R/W

Oh

SRB2 to input MUX switch enable
0: Switch is disabled.
1: Switch is enabled.

2 RLV6_INMUX_SW

R/W

Oh

RLV6 to input MUX switch enable
0: Switch is disabled.
1: Switch is enabled.

1 | VDAC_RLDAMP_SW

R/W

Oh

VDAC to RLD AMP switch enable
0: Switch is disabled.
1: Switch is enabled.

0 | VDAC_BUFOUT_SW

R/W

Oh

VDAC to BUFOUT switch enable
0: Switch is disabled.
1: Switch is enabled.
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9.1.25 CONFIG?: CONFIGURATION REGISTER 2 (ADDRESS = 20H) (RESET = 40H)

The configuration register configures the device selection.
Table 58. Configuration Register 9 Field Descriptions

BIT FIELD

TYPE

RESET

DESCRIPTION

7 ACLO_EN

R/W

Oh

AC Lead-off Enable control
0 = AC Lead-off disable
1 = AC lead-off enabled to generate the sine waveform

6 PDB_VREFCM

R/W

Th

Power-down VREFCM reference buffer

This bit determines the power-down reference buffer state.
0 = Power-down internal reference buffer

1 = Enable internal reference buffer

5 Reserved

R/W

Oh

Always write 0

4 PDB_VDAC_BUF

R/W

Oh

Power-down VDAC buffer

This bit determines the power-down buffer state.
0 = VDAC buffer is disabled.

1 = VDAC buffer is enabled.

3 |RLD_LOFF_FORMAT

R/W

Oh

RLD LOFF status output to data format enable

0: RLD LOFF status not output to 24 bit status format

1: RLD LOFF status output to 24 bit status format. The format is as
below:

{4’'b1100, LOFF_STATP(7:0), LOFF_STATN(7:0), LOFF_RLDP,
LOFF_RLDN, GPIO(5:4)}

2 RLDIN_TOREF_ON

R/W

Oh

RLD route to VREF switch control
0: Switch is open.
1: Switch is closed.

1 VREF_4P5V

R/W

Oh

Used to select 4.5V
0: The VREF reference is decied by the VREF_4V field.
1: The VREF reference is 4.5V.

0 RLD_RES

R/W

Oh

RLD RES selection, PGA resistor to RLD selection
0: Half of resistor is in the path (200K).
1: All resistors are in the path (400K).
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9.1.26 LOFF_CFG1: LEAD-OFF CONFIGURATION REGISTER (ADDRESS = 21H)
(RESET = OOH)

The LOFF_CFG1 configuration register configures the device LOFF circuit channel selection.

Table 59. Lead-Off Configuration Register Field Descriptions
BIT FIELD TYPE RESET DESCRIPTION

RLD dedicated lead-off threshold comparator enable

0 = RLD shares the threshold comparator with the InxP and InxN
7 RLD_COMP_EN R/W Oh pins.

1 = RLD uses standalone comparator and needs configure
RCOMP_TH(2:0) for threshold setting.

Lead-off current level selection

If this bit is 0, the lead-off IDAC current setting comes from the

6 CUR_LEVEL R/W Oh ILEAD_OFF(1:0) value.

0 = Disable ISTEP value configuration

1 = Enable ISTEP value configuration

Lead-off current magnitude

These bits determine the magnitude of current for the current
lead-off mode when CUR_LEVEL is 1; otherwise the current
maghnitude is decided by the ILEAD_OFF(1:0) fields.

000000 = OnA and step = 5nA

000001 = 5nA

5:0 ISTEP(5:0) R/W Oh

111111 =315A
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92.1.27 LOFF_CFG2: LEAD-OFF CONFIGURATION REGISTER (ADDRESS = 22H)
(RESET = OOH)
The LOFF_CFG2 configuration register configures the device LOFF circuit channel selection.

Table 60. Lead-Off Configuration Register Field Descriptions
BIT FIELD TYPE RESET DESCRIPTION

AC excitation sine wave amplitude selection for IDAC

AC_EXCT_MAG SINE AC AMPLITUDE
000 (-80nA, 80nA)
001 (-40nA, 40nA)
7:5 | AC_EXCT_IMAG(7:5) R/W Oh 010 (-20nA, 20nA)
011 (=10nA, 10nA)
100 (-5nA, 5nA)
101 Reserved
Reserved Reserved

RLD lead-off comparator threshold

These bits determine the lead-off comparator threshold. See the
LEAD-OFF DETECTION section for a detailed description.
Comparator positive side

000 = 95% (default)

001 = 92.5%

010 = 90%

011 =87.5%

100 = 85%

101 = 80%

4:2 | RLD_COMP_TH(2:0) R/W Oh 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%

ECG channel lead-off output debounce time
00 = Debounce disable

1.0 DEBOUNCE(1:0) R/W Oh 01 = Debounce time 117ms

10 = Debounce time 117ms

11 = Debounce time 117ms
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9.1.28 LOFF_ACLO1: AC LEAD-OFF CONFIGURATION REGISTER (ADDRESS = 23H)
(RESET = OOH)

The LOFF_ACLO1 configuration register configures the device LOFF circuit channel selection.
Table 61. AC Lead-Off Configuration Register Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION
Channel 8 hardware AC lead-off enable
7 ACLO_ENS8 R/W Oh 0 = Channel 8 AC lead-off disable

1 = Channel 8 AC lead-off enable
Channel 7 hardware AC lead-off enable
6 ACLO_EN7 R/W Oh 0 = Channel 7 AC lead-off disable
1 = Channel 7 AC lead-off enable
Channel 6 hardware AC lead-off enable
5 ACLO_EN6 R/W Oh 0 = Channel 6 AC lead-off disable
1 = Channel 6 AC lead-off enable
Channel 5 hardware AC lead-off enable
4 ACLO_ENS R/W Oh 0 = Channel 5 AC lead-off disable
1 = Channel 5 AC lead-off enable
Channel 4 hardware AC lead-off enable
3 ACLO_EN4 R/W Oh 0 = Channel 4 AC lead-off disable
1 = Channel 4 AC lead-off enable
Channel 3 hardware AC lead-off enable
2 ACLO_EN3 R/W Oh 0 = Channel 3 AC lead-off disable
1 = Channel 3 AC lead-off enable
Channel 2 hardware AC lead-off enable
1 ACLO_EN2 R/W Oh 0 = Channel 2 AC lead-off disable
1 = Channel 2 AC lead-off enable
Channel 1 hardware AC lead-off enable
0 ACLO_EN1 R/W Oh 0 = Channel 1 AC lead-off disable
1 = Channel 1 AC lead-off enable
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2.1.29 LOFF_ACLO2: AC LEAD-OFF CONFIGURATION REGISTER (ADDRESS = 24H)
(RESET = 45H)

The LOFF_ACLO2 configuration register configures the device LOFF circuit channel selection.

Table 62. AC Lead-Off Configuration Register Field Descriptions

www.analogysemi.com | Page 91 of 118

BIT FIELD TYPE RESET DESCRIPTION
Square or sine wave for IDAC and VDAC
0: Sine wave and sine magnitude is decided by AC_EXCT_IMAG
7 SQUARE_WAVE R/W Oh and AC_EXCT_VMAG.
1: Square wave and square magnitude is decided by ISTEP(5:0)
and RLD_DAC(5:0).
AC lead-off test frequency division factor
6 | ACDIV_FACTOR R/W 1h 0: Clock divider factor K = 1
1: Clock divider factor K = 6
IDAC_OFFSET_EN is used to generate AC excitation current with a
5 |IDAC_OFFSETEN| R/W on | 32°25nAcffset -
- - 0: No offset for AC excitation current
1: Offset for AC excitation current
RLD DAC uses sine exaction generated by internal DDS.
4 | RLD_DAC_ACEN R/W Oh 0: RLD DAC AC source is disabled.
1: RLD DAC AC source is enabled.
AC signal frequency setting
ACDIV_FRQ ACDIV_FACTOR =0 ACDIV_FACTOR =1
0000 32000Hz AC signal 5333.3Hz AC signal
0001 16000Hz AC signal 2666.6Hz AC signal
o010 8000Hz AC signal 1333.3Hz AC signal
0011 4000Hz AC signal 666.6Hz AC signal
0100 2000Hz AC signal 333.3Hz AC signal
0101 1000Hz AC signal 166.6Hz AC signal
3:0 | ACDIV_FRQ(3:0) R/W 05h 0110 500Hz AC signal 83.3Hz AC signal
0111 250Hz AC signal 41.6Hz AC signal
1000 125Hz AC signal 20.8Hz AC signal
1001 62.5Hz AC signal 10.4Hz AC signal
1010 31.2Hz AC signal 5.2Hz AC signal
1011 15.6HZ AC signal 2.6Hz AC signal
1100 7.8Hz AC signal 1.3Hz AC signal
1101 3.9Hz AC signal 0.6Hz AC signal
Reserved Reserved Reserved
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9.1.30 REDR2P: RED ROUTE TO CHANNEL POSITIVE REGISTER (ADDRESS = 25H)
(RESET = OOH)

The REDR2P configuration register configures the device route channel selection.

Table 63. Red Route to Channel Positive Register Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION
AC excitation sine wave amplitude selection for IDAC
The AVDD, VREFP source is decided by RLD_VREFH_SELINT.
AC_EXCT_VMAG SINE AC AMPLITUDE
000 (0V, AVDD or VREFP)
001 (OV, (AVDD or VREFP) / 2)
7:5 | AC_EXCT_VMAG R/W Oh 010 (OV, (AVDD or VREFP) / 4)
011 (OV, (AVDD or VREFP) / 8)
100 (OV, (AVDD or VREFP) / 16)
101 (OV, (AVDD or VREFP) / 32)
110 (OV, (AVDD or VREFP) / 64)
111 (0V, (AVDD or VREFP) / 128)
4:3 RESERVED R/W Oh Must write 0
WCT CHOP frequency setting
000: WCT chop frequency fvop / 16
001: WCT chop frequency fvop / 2
010: WCT chop frequency fyop / 4
2.0 WCT_CHOP R/W Oh 011: WCT chop frequency fviop / 8

100: WCT chop frequency fuwop / 32
101: WCT chop frequency fviop / 64
110: WCT chop frequency fuop / 128
111: WCT chop frequency is 0.

9.1.31 CHMUX_MSB: CHANNEL MUX MSB CONFIGURATION REGISTER (ADDRESS =

26H) (RESET = OOH)

The channel MUX MSB register configures the device route channel selection.

Table 64. Channel Mux MSB Configuration Register Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION
7 | CH8_MUX_MSB R/W Oh Check CHXxSET for the CH8_MUX_MSB function.
6 | CH7_MUX_MSB R/W Oh Check CHXSET for the CH7_MUX_MSB function.
5 | CH6_MUX_MSB R/W Oh Check CHXxSET for the CH6_MUX_MSB function.
4 | CH5_MUX_MSB R/W Oh Check CHXxSET for the CH5_MUX_MSB function.
3 | CH4_MUX_MSB R/W Oh Check CHXxSET for the CH4_MUX_MSB function.
2 | CH3_MUX_MSB R/W Oh Check CHXxSET for the CH3_MUX_MSB function.
1 CH2_MUX_MSB R/W Oh Check CHXxSET for the CH2_MUX_MSB function.
0 | CH1_MUX_MSB R/W Oh Check CHXxSET for the CH1_MUX_MSB function.
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9.1.32 LOFF_CMP_FLIP: LOFF COMPARATOR FLIP CONTROL REGISTER (ADDRESS =
27H) (RESET = OOH)

Table 65. LOFF Comparator Flip Control Register Field Descriptions
BIT FIELD TYPE RESET DESCRIPTION

Channel 8 comparator polarity selection

This bit controls the direction of the comparator used for lead-off
derivation of channel 1.

7 LOFF_CMP_FLIP8 R/W Oh 0 = ECGP connects to comparator positive side, and ECGN connects to
comparator negative side (default).

1 = ECGN connects to comparator positive side, and ECGP connects to
comparator negative side.

Channel 7 comparator polarity selection

This bit controls the direction of the comparator used for lead-off
derivation of channel 1.

6 LOFF_CMP_FLIP7 R/W Oh 0 = ECGP connects to comparator positive side, and ECGN connects to
comparator negative side (default).

1 = ECGN connects to comparator positive side, and ECGP connects to
comparator negative side.

Channel 6 comparator polarity selection

This bit controls the direction of the comparator used for lead-off
derivation of channel 1.

5 LOFF_CMP_FLIP6 R/W Oh 0 = ECGP connects to comparator positive side, and ECGN connects to
comparator negative side (default).

1 = ECGN connects to comparator positive side, and ECGP connects to
comparator negative side.

Channel 5 comparator polarity selection

This bit controls the direction of the comparator used for lead-off
derivation of channel 1.

4 LOFF_CMP_FLIPS R/W Oh 0 = ECGP connects to comparator positive side, and ECGN connects to
comparator negative side (default).

1 = ECGN connects to comparator positive side, and ECGP connects to
comparator negative side.

Channel 4 comparator polarity selection

This bit controls the direction of the comparator used for lead-off
derivation of channel 1.

3 LOFF_CMP_FLIP4 R/W Oh 0 = ECGP connects to comparator positive side, and ECGN connects to
comparator negative side (default).

1 = ECGN connects to comparator positive side, and ECGP connects to
comparator negative side.

Channel 3 comparator polarity selection

This bit controls the direction of the comparator used for lead-off
derivation of channel 1.

2 LOFF_CMP_FLIP3 R/W Oh 0 = ECGP connects to comparator positive side, and ECGN connects to
comparator negative side (default).

1 = ECGN connects to comparator positive side, and ECGP connects to
comparator negative side.

Channel 2 comparator polarity selection

This bit controls the direction of the comparator used for lead-off
derivation of channel 1.

1 LOFF_CMP_FLIP2 R/W Oh 0 = ECGP connects to comparator positive side, and ECGN connects to
comparator negative side (default).

1 = ECGN connects to comparator positive side, and ECGP connects to
comparator negative side.

Channel 1 comparator polarity selection

This bit controls the direction of the comparator used for lead-off
derivation of channel 1.

0 LOFF_CMP_FLIP1 R/W Oh 0 = ECGP connects to comparator positive side, and ECGN connects to
comparator negative side (default).

1 = ECGN connects to comparator positive side, and ECGP connects to
comparator negative side.
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9.1.33 LOFF_SENSN1: NEGATIVE SIGNAL LEAD-OFF DETECTION REGISTER
(ADDRESS = 28H) (RESET = OOH)

This register selects the negative side from each channel for lead-off detection. See the LEAD-OFF DETECTION
section for details.

Registers bits(5:4) are not available for the AFE956, AFE958, or AFE959. Bits(7:6) are not available for the AFE958,

or AFE959.
Table 66. Negative Signal Lead-Off Detection Register Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION
When LOFF_SENS_DEC is 1, channel 8 negative switch controller
The LOFF_SENSN.LOFFxN is used to control LOFF_SENSN.

7 LOFF8N R/W Oh The LOFF_SENSNT1.LOFFxN is used to control LOFF_SENSNT.
0: Switch is open.
1: Switch is closed.
When LOFF_SENS_DEC is 1, channel 7 negative switch controller
The LOFF_SENSN.LOFFxN is used to control LOFF_SENSN.

6 LOFF7N R/W Oh The LOFF_SENSNT1.LOFFxN is used to control LOFF_SENSNT.
0: Switch is open.
1: Switch is closed.
When LOFF_SENS_DEC is 1, channel 6 negative switch controller
The LOFF_SENSN.LOFFxN is used to contro LOFF_SENSN.

5 LOFF6N R/W Oh The LOFF_SENSNT1.LOFFxN is used to control LOFF_SENSNT.
0: Switch is open.
1: Switch is closed.
When LOFF_SENS_DEC is 1, channel 5 negative switch controller
The LOFF_SENSN.LOFFxN is used to control LOFF_SENSN.

4 LOFF5N R/W Oh The LOFF_SENSNT1.LOFFxN is used to control LOFF_SENSNT.
0: Switch is open.
1: Switch is closed.
When LOFF_SENS_DEC is 1, channel 4 negative switch controller
The LOFF_SENSN.LOFFxN is used to controller LOFF_SENSN.

3 LOFFAN R/W Oh The LOFF_SENSN1.LOFFxN is used to control LOFF_SENSNT.
0: Switch is open.
1: Switch is closed.
When LOFF_SENS_DEC is 1, channel 3 negative switch controller
The LOFF_SENSN.LOFFxN is used to control LOFF_SENSN.

2 LOFF3N R/W Oh The LOFF_SENSNT1.LOFFxN is used to control LOFF_SENSNT.
0: Switch is open.
1: Switch is closed.
When LOFF_SENS_DEC is 1, channel 2 negative switch controller
The LOFF_SENSN.LOFFxN is used to control LOFF_SENSN.

1 LOFF2N R/W Oh The LOFF_SENSNT1.LOFFxN is used to control LOFF_SENSNT.
0: Switch is open.
1: Switch is closed.
When LOFF_SENS_DEC is 1, channel 1 negative switch controller
The LOFF_SENSN.LOFFxN is used to control LOFF_SENSN.

0 LOFFIN R/W Oh The LOFF_SENSNT1.LOFFxN is used to control LOFF_SENSNT.
0: Switch is open.
1: Switch is closed.
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9.1.34 LOFF_SENSP1: POSITIVE SIGNAL LEAD-OFF DETECTION REGISTER (ADDRESS
= 29H) (RESET = OOH)

This register selects the positive side from each channel for lead-off detection. See the LEAD-OFF DETECTION
section for details. The LOFF_STATP register bits are only valid if the corresponding LOFF_SENP and LOFF_SENSP1
bits are set to 1.

Registers bits(5:4) are not available for the AFE956, AFE958, or AFE959. Bits(7:6) are not available for the AFE958,
or AFE959.

Table 67. Positive Signal Lead-Off Detection Register Field Descriptions
BIT FIELD TYPE RESET DESCRIPTION

When LOFF_SENS_DEC is 1, channel 8 positive switch controller
The LOFF_SENSP.LOFFxP is used to conirol LOFF_SENSP.

7 LOFF8P R/W Oh The LOFF_SENSP1.LOFFxP is used to control LOFF_SENSP1.

0: Switch is open.

1: Switch is closed.

When LOFF_SENS_DEC is 1, channel 7 positive switch controller
The LOFF_SENSP.LOFFxP is used to control LOFF_SENSP.

6 LOFF7P R/W Oh The LOFF_SENSP1.LOFFxP is used to control LOFF_SENSP1.

0: Switch is open.

1: Switch is closed.

When LOFF_SENS_DEC is 1, channel 6 positive switch controller
The LOFF_SENSP.LOFFxP is used to control LOFF_SENSP.

5 LOFF6P R/W Oh The LOFF_SENSP1.LOFFxP is used to control LOFF_SENSP1.

0: Switch is open.

1: Switch is closed.

When LOFF_SENS_DEC is 1, channel 5§ positive switch controller
The LOFF_SENSP.LOFFxP is used to control LOFF_SENSP.

4 LOFF5P R/W Oh The LOFF_SENSP1.LOFFxP is used to control LOFF_SENSP1.

0: Switch is open.

1: Switch is closed.

When LOFF_SENS_DEC is 1, channel 4 positive switch controller
The LOFF_SENSP.LOFFxP is used to control LOFF_SENSP.

3 LOFF4P R/W Oh The LOFF_SENSP1.LOFFxP is used to control LOFF_SENSP1.

0: Switch is open.

1: Switch is closed.

When LOFF_SENS_DEC is 1, channel 3 positive switch controller
The LOFF_SENSP.LOFFxP is used to control LOFF_SENSP.

2 LOFF3P R/W Oh The LOFF_SENSP1.LOFFxP is used to control LOFF_SENSP1.

0: Switch is open.

1: Switch is closed.

When LOFF_SENS_DEC is 1, channel 2 positive switch controller
The LOFF_SENSP.LOFFxP is used to control LOFF_SENSP.

1 LOFF2P R/W Oh The LOFF_SENSP1.LOFFxP is used to control LOFF_SENSP1.

0: Switch is open.

1: Switch is closed.

When LOFF_SENS_DEC is 1, channel 1 positive switch controller
The LOFF_SENSP.LOFFxP is used to control LOFF_SENSP.

0 LOFF1P R/W Oh The LOFF_SENSP1.LOFFxP is used to control LOFF_SENSP1.

0: Switch is open.

1: Switch is closed.
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9.1.35 SRB1_CONFIG: SHARE BIAS CONTROLLER REGISTER (ADDRESS = 2AH)
(RESET = OOH)

This register selects the 8 channels common negative side. It is valid only when PACE.SRB1_GLOBAL is 0.
Table 68. Share Bias Controller Register Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION

Stimulus, reference, and bias 1

This bit connects the SRB1 to channel 8 inverting input.
0: Switches are open.

1: Switches are closed.

Stimulus, reference, and bias 1

This bit connects the SRB1 to channel 7 inverting input.
0: Switches are open.

1. Switches are closed.

Stimulus, reference, and bias 1

This bit connects the SRB1 to channel 6 inverting input.
0: Switches are open.

1: Switches are closed.

Stimulus, reference, and bias 1

This bit connects the SRB1 to channel 5 inverting input.
0: Switches are open.

1. Switches are closed.

Stimulus, reference, and bias 1

This bit connects the SRB1 to channel 4 inverting input.
0: Switches are open.

1: Switches are closed.

Stimulus, reference, and bias 1

This bit connects the SRB1 to channel 3 inverting input.
0: Switches are open.

1: Switches are closed.

Stimulus, reference, and bias 1

This bit connects the SRB1 to channel 2 inverting input.
0: Switches are open.

1. Switches are closed.

Stimulus, reference, and bias 1

This bit connects the SRB1 to channel 1 inverting input.
0: Switches are open.

1: Switches are closed.

7 SRB1_SW8 R/W Oh

6 SRB1_SW7 R/W Oh

5 SRB1_SWé R/W Oh

4 SRB1_SW5 R/W Oh

3 SRB1_SW4 R/W Oh

2 SRB1_SW3 R/W Oh

1 SRB1_SW2 R/W Oh

0 SRB1_SW1 R/W Oh
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9.1.36 RLD_DAC: RLD DAC CONTROLLER REGISTER (ADDRESS = 2BH) (RESET =
20H)

This register is used to control the RLD DAC function.
Table 69. RLD DAC Controller Register Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION

RLD DAC function enable

7 RLD_DACEN R/W Oh 0: Disable the RLD DAC path

1: Enable the RLD DAC path

RLD reference selection

6 RLD_VERF_SEL R/W Oh 0: AVDD is the reference.

1: VREFP is the reference.

RLD DAC voltage setting

The voltage source VDAC_SRC is AVDD or VREFP based on the
RLD_VREF_SEL bit.

000000: Voltage is VDAC_SRC x 1 / 64.
000001: Voltage is VDAC_SRC x 2 / 64.

5:0 | RLD_DAC(5:0) | R/W Oh

100000: Voltage is VDAC_SRC x 32 / 64 based (default).
111111: Voltage is VDAC_SRC x 63 / 64.

9.1.37 XOSC_CFG: CONFIGURATION REGISTER 12 (ADDRESS = 2CH) (RESET =
OOH)

The XOSC_CFG configuration register configures the device selection.
Table 70. Configuration Register 12 Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION

XOSC active enable

7 XOSC_EN R/W Oh 0: XOSC is disabled.

1: XOSC is enabled.

XOSC drive level register configuration

6 XOSC_DRIVE R/W Oh 0: XOSC Dirive level is disabled.

1: XOSC Drive level is enabled.

PGA Chop bypass function

0: Chop bypass function is enabled, and the chop auto gated
5 | CHOP_COMP_MASK R/W Oh function is also enabled when PGA input out of range.

1: Chop bypass function is disabled, and the chop auto gated
function is disabled when PGA input out of range.

Modulator common-mode voltage selection

00: 2.6V (default)

4:3 | VOTACM_SEL(1:0) R/W Oh 01: 2.65V
10: 2.5V
11: 2.55V
XOSC ALCEN configuration (not used)
2 XOSC_ALCEN R/W Th 0: XOSC ALCEN disable

1: XOSC ALCEN enable

XOSC output frequency when XOSC_EN is set.
00: No XOSC clock output

1:0 XOSC_DIV(1:0) R/W 00 01: XOSC output frequency is 2.048MHz.

10: XOSC output frequency is 1.024MHz.

11: XOSC output frequency is 512kHz.
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9.1.38 MISC_ANA: SPARE FUNCTION REGISTER (ADDRESS = 34H) (RESET = OFH)

Spare function register for metal fix
Table 71. Spare Function Register Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION
SPI RREG and WREG command address no 0x20h offset
Software writes to 1 and hardware clears to 0.
7 |ADDR OFFSELDIS| R/W 1h 0: Has 0x20h address offset disable for RREG and WREG access.
1: No 0x20h address offset for RREG and WREG access.
6:4 Reserved R/W 7h Always write 7h
3:2 Reserved R/W Oh Always write Oh
RLD IN lead-off detection enable
It controls the RLDIN and RLDOUT lead-off detection.
! RIN_LOFF_EN RIW Oh 0: RLD IN lead-off detection is disabled.
1: RLD IN lead-off detection is enabled.
All InxN path lead-off comparator do voltages compare flip function.
0 LOFE_CMP._FLIPN R /W on 0: The flip function is disabled.

1: The flip function is enabled. If the bit is 1, both InxP and InxN DC
lead-off must be configured to the source current mode.

92.1.39 MOD_STAT: MOD STATUS REGISTER (ADDRESS = 35H) (RESET = O0H)
Device module internal status register, read only
Table 72. MOD Status Register Field Descriptions

BIT

FIELD

TYPE

RESET

DESCRIPTION

RLD_LOFF_P

RLD positive lead-off status
0: No RLD positive lead-off
1: RLD positive lead-off is enabled.

RLD_LOFF_N

RLD negative lead-off status
0: No RLD negative lead-off
1: RLD negative lead-off is enabled.

Reserved

Reserved

SDC_MODE

Device is in STOPC mode.
0: Device is in RDATAC mode.
1: Device is in STOPC mode.

STOP

Device is in stop status when the STOP command is executed, and in
start status when the START command is executed.

0: Device is in START status.

1: Device is in STOP status.

STANDBY

Device is in STANDBY status or not.
0: Device is in wakeup status.
1: Device is in standby status.

EFU_UERR

Device initial fault status
0: Device has no fault status.
1: Device has fault status.

EFU_CERR

Device initial warning status
0: Device has no warning status.
1. Device has warning status.
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9.1.40 CMD_STAT: COMMAND STATUS REGISTER (ADDRESS = 36H) (RESET = OO0H)

Device command status register, read only

Table 73. Command Status Register Field Descriptions

BIT FIELD

TYPE

RESET

DESCRIPTION

7 Reserved

R/W

0

Reserved

6 | OFFSET_CAL_CMD

R/W

OFFSET Calibration command execute status
Software writes 0 to clear it.

0: No OFFSET calibration command is executed.
1: OFFSET calibration command is executed.

5 RDATAC_CMD

R/W

RDATAC command execute status
Software writes 0 to clear it.

0: No RDATAC command is executed.
1: RDATAC command is executed.

4 RDATA_CMD

R/W

RDATA command execute status
Software writes 0 to clear it.

0: No RDATA command is executed.
1: RDATA command is executed.

3 REGX_RD_CMD

R/W

WREGX command execute status
Software writes 0 to clear it.

0: No WREGX command is executed.
1: WREGX command is executed.

2 REGX_WR_CMD

R/W

RREGX command execute status
Software writes 0 to clear it.

0: No RREGX command is executed.
1: RREG command is executed.

1 REG_RD_CMD

R/W

WREG command execute status
Software writes 0 to clear it.

0: No WREG command is executed.
1: WREG command is executed.

0 REG_WR_CMD

R/W

RREG command execute status
Software writes 0 to clear it.

0: No RREG command is executed.
1: RREG command is executed.
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9.1.41 PGAP_OOR_STAT: PGA POSITIVE OOR STATUS REGISTER (ADDRESS = 37H)
(RESET = OOH)

PGAP out of range status
Table 74. PGA Positive OOR Status Register Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION

Channel 8 PGA positive out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 7 PGA positive out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 6 PGA positive out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 5 PGA positive out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 4 PGA positive out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 3 PGA positive out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 2 PGA positive out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 1 PGA positive out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

7 PGA8P_OOR R/W 0

6 PGA7P_OOR R/W 0

5 PGA6P_OOR R/W 0

4 PGASP_OOR R/W 0

3 PGA4P_OOR R/W 0

2 PGA3P_OOR R/W 0

1 PGA2P_OOR R/W 0

0 PGA1P_OOR R/W 0
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9.1.42 PGAN_OOR_STAT: PGA NEGATIVE OOR STATUS REGISTER (ADDRESS =
38H) (RESET = OOH)

PGAN out of range status register
Table 75. PGA Negative OOR Status Field Descriptions

BIT FIELD TYPE RESET DESCRIPTION

Channel 8 PGA negative out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 7 PGA negative out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 6 PGA negative out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 5 PGA negative out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 4 PGA negative out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 3 PGA negative out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 2 PGA negative out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

Channel 1 PGA negative out of range status
Software writes 0 to clear it.

0 = Not out of range

1 = Out of range

7 PGASN_OOR R/W 0

6 PGA7N_OOR R/W 0

5 PGA6N_OOR R/W 0

4 PGASN_OOR R/W 0

3 PGA4N_OOR R/W 0

2 PGA3N_OOR R/W 0

1 PGA2P_OOR R/W 0

0 PGA1P_OOR R/W 0
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10. BZ 5311

P
U AR D REES AR AREFIEH—E7, AENMRIEHERMNTEE. ARNEFAERE
HBEAHRSESMINNAR. B NIEMNEMIIRIZ I S USEIAR S ThEE.

10.1 BZAER

10.1.1 g BigEHITRABHIBRE

Figure 71 1R 7 AR ARE TECE R N RELIREIRIR. &M1& TS5 SPECIFICATIONS 853 FR %! Ay ST
EREESR, MNESRFRSERAPRAATNIER TR BEARNERIUARE, BRIREHMKE, WIEIAERE, AU
RIEFEEESR M. BXBTHFNIFARES, BERMIERTIENET. N ECC TRINEERMNT RAIHEZRD.

Analog/Digital Power-Ug)

/1 Follow Power-Up Sequencing

Set CLKSEL Pin = 0
and Provide External Clock

few = 2.048MHz
in = /1 If START is Tied High, After This Step
St CLKSEL Pin = 1 11 DRDY Toggles at fei /8192
and Wait for Oscillator P Mode with DR = f, 1024
to Wake Up /1 (LP Mode wi = fvoo /1024)
Y
Set PWDN = 1
wqu‘ﬁzﬂ ':OIR for /1 Delay for Power-On Reset and Oscillator Start-Up
Power-On Reset
N
o @ /11fVCAP1 < 1.1V at thog , continue waiting until VCAP1 >= 1.1V
Yes
/1 Activate DUT
Issue Reset 71 CS can be Either Tied Permanently Low
Pulse, 11 O Selectively Pulled Low Before Sending
Wait for 18 teiks /1 Commands or Reading/Sending Data from/to Device
/1 Device Wakes Up in RDATAC Mode, so Send
Send SDATAC // SDATAC Command so Registers can be Writien
Command SDATAC
Set PDB_REFBUF = 1 No External /11 Using Internal Reference, Send This
and Wait for Internal Reference Command
Reference WREG CONFIG3 0xCO
Yes
v // Set Device in HR Mode and DR = fyiop
/1024
Write Certain Registers, WREG CONFIG1 0x86
Including Input Short WREG CONFIG2 0x00
/1 Set All Channels to Input Short
WREG CHNSET 0x01
v
11 Activate Conversion
Set START = 1 // After This Point DRDY Should Toggle at

11 few 14096

¥

/1 Put the Device Back in RDATAC Mode

RDATAC RDATAC
Capture Data /1 Look for DRDY and Issue 24 + nx 24
and Check Noise SCLKs
¢ /1 Activate a (ImV x Veer/2.4) Square-Wave Test
Signal
// On All Channels
. SDATAC
Sef Test Signals WREG CONFIG2 0x10
WREG CHNSET 0x05
‘ RDATAC
Capture Data /1 Look for DRDY and Issue 24 + nx 24
and Test Signal SCLKs

Figure 71. Initial Flow at Power-Up
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10.1.1.1 SEEBE

EFTE@IE LA s M B EIRE RSB X AR FIAET:

WREG LOFF 0x13 // Comparator threshold at 95% and 5%, pullup or pulldown
resistor

// dc lead-off

WREG CONFIG4 0x02 // Turn on dc lead-off comparators

WREG LOFF SENSP OxFF // Turn on the P-side of all channels for lead-off sensing
WREG LOFF_ SENSN OxFF // Turn on the N-side of all channels for lead-off sensing
SR E a1 B RAVR AL LA 45 S BRSBTS

10.1.1.2 HHEIRzD

¥EHE RLD fEAI = MBER FIHERRFIRE.

WREG RLD_SENSP 0x07 // Select channel 1-3 P-side for RLD sensing

WREG RLD_SENSN 0x07 // Select channel 1-3 N-side for RLD sensing

WREG CONFIG3 b’xlxx 1100 // Turn on RLD amplifier, set internal RLDREF voltage
EidEE 4N IEEE RLD_OUT E S HE @il 5 = RLD MRBIIE, HREH RLDOUT B95MU%EREES] RLDIN,
WREG CONFIG3 b’xxxl 1100 // Turn on RLD amp, set internal RLDREF voltage, set RLD

measurement bit
WREG CH4SET b’lxxx 0111 // Route RLDIN to channel 4 N-side
WREG CHS5SET b’ lxxx 0010 // Route RLDIN to be measured at channel 5 w.r.t RLDREF

10.1.1.3 E4HS

WERRE@IE 5 M 6 AR BIES:

WREG PACE b’0001 0101 // Power-up pace amplifier and select channel 5 and 6 for pace
out

10.1.2 EBIM AR

AFE9SX NELENES, HPHREERZBEMEMEANTR, HTIREFAFENMAE, NE PCA Rl T HIRHNE
Eo AFBZEXEHRFE, BNSREBEMN, BREREZBEIIAMG L. XEHRREAIERRE AFEISX ANHIRE
E#t ADC BPTNESERE,

NRARERBEIRRNENR, AFEISX Bl —PNEERIIBERTNERF _EARRIXEN(RLD)BAZS. RLD MASRIHEERRT
BEHTRE, WEHMBRERBEEFTERCCERN. LBE, MR EARINFIE)EREES RLDREF 5|H a8
EEAEERN, URERETZEBEERNEH,
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AFE95x 1Rt T AR N\ AR BB IEF IR 28 R IRBYIEIN, @idiRE RLD_SENSP #1 RLD_SENSN EH#ZZRhRItEN{L, &
BRMRERRASEEBENEH. BXFAERAN=ZBRAFHRG, BB Figure 72,

RA Anti-aliasing/ J> INXP
Protection
LA Anti-aliasing/ o INXN
Protection
Device
> RLDINV
1.5nfF —— 1MQ
RL Protection ¢ T RLDOUT

Figure 72. Setting Common-Mode Using RLD Electrode

REFERLRBERE —MREEN R NEITIRB S, XEREABERDERNLEER, BRMEMERRS
RIABIRZ B D ERH LA FEASRAE S, IRERRERENENR, NMERMBRERLREEFZRE. £
fE PR BB W BARRIN FHFART LAEA AFE95x ERY RLD IR FANEE FRyRiE) EIREERMBERN. EELIRTH
BRE/)wD, EABRBMNEEBISH M RC S@iEKS. IRFEMMERTIRTH, WIEKSSERES ST T imavsnEg
FEHEM=R. Figure 73 BT ZEEERNRH,

CBIock
RA Anti-aliasing/ | J,
Protection | ™
CBIOCk
LA Anti-aliasing/ | y o INxN
Protection | ]
Device
Reuil-up § ;RPUII-UD — 0 RLDINV
T RLDOUT

Figure 73. Setting Common-Mode Without Using RLD Electrode
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10.1.3 HBiS

S5MBERHEAR—E, RIBMIERINMIESME, AFE9SX JEHI2ELL 256, 512 B 1024kHz AUSRERFITMINHITREE, B
FD R BUR T2 TRINFE(LP)IRINE R B O YIR(HRRIN. SFrBMFIEKaEmER—1F, AFE9Sx LBYA L34
BS R s By LUBBIZR SRR RE RS, €A A2 R AR RFHEUE NS &S S5H 5 Gl RRHEE
SINHRPEE Z BIRVSIR B E MR, XMRES PCA FAIREE(ES Table 21)BE S, EXNRIMUESISKZMN
NWEIFEEERFB AT EWFSIERT, AR PHIZER R HRIRENR RC REIRKER H.

ERTURSAMHIHMER D, BT AT LE(EETRETH), HIRFIERNZIRZSEIRIDFIERE T, Figure 74
BR T HERE R E,

R
ANNN -I o INxP
C
3 Device
Vp R+ dR
NN -I 0 INxN
ic +dC

Figure 74. Typical Front-End Configuration

Ve RRZNHIRES, NMREEDESHTERN RM C NETE2ME, NWRSZXRILIFEALN CMR, WNRAEFEE R M
A C R 6R # 6C 73 AILES, MEAZLEHY CMR B Equation 8,

8R &C f
CMR = 20log (F + ?> + 20log (E) (8
Hr:
+  fc RC IEKX2EATI-3dB S,

WNRER 1%EENIMRTHH B RC IRE2RIH 5L 6kHz, N RLTE 60Hz BHXAH 74dB B9 CMR, EIL Lt R,
ECG BRIIRAXE & —/ RC ISiKeE, EEEER. BAM M= RC EKE. ZRIMEXLEAN, FLERE
2R, AT REE 200HELZNES. EMEN 60Hz B, XMHRLERERFERSH CMR FEEE 60dB LT,
R, ZIEERATRNKAFRLE CMR,

EiRGSE A ERETUR ISR R B EER R, ZRIDUTHZENALE, SIFEFRANSSE; HRALER
A HIZR IR IR IR E

© 2024 AnalogySemi Ltd. All Rights Reserved. Confidential www.analogysemi.com | Page 105 of 118



AFEP54/AFE956/NFEF58/NFEP59
RI0FE. 8 @IE. 24 (U ADNERRINETIH

10.2 BBV H

10.2.1 {EAREREEHIBIRAY AFE9S5x MRS

AFE95x = BPT IR & BB % 3K A H S MIE L B U AL AR SR 8 5 PR IR AR I U RRIFR TR (L, P IRIRTUS FRRY, JBIE 1 AE
BFXREECG 55, ANRNERIARREZEEFIREHN. NRENEEES— @@, WHFART LUER B TR
ENERBIKERECBEIES, 1EEE Figure 75 RATRAVECE.

Rs
10MQ
AVDD O—AA\M—
Rs * O INTP
10MQ l
AVSS O—A\ANM— G _
470pF Device
C, Cs R,
0.1uF 2.2nF 40.2kQ
Left Arm Lead O— | . | VWA o RESP_MODP
IN2P
IN2N
Right Arm Lead O——4 : ’ 1 YW 0 RESP_MODN
Cé C4 R]
0.1uF 22nF  402k0
R4 C5
10MQ 470pF
AVDD O—NN—
R o O ININ
10MQ T
Avss O—A\\— | |

I I
NOTE: Patient and input protection circuitry not shown.

Figure 75. Typical Respiration Circuitry

10.2.1.1 it ER

Table 76 B/RT Figure 75 FFFRAGHRNIEITERK,
Table 76. Respiration Design Requirements

DESIGN PARAMETER VALUE
Modulation Frequency 32kHz, 42.677kHz, or 64kHz
Input High-Pass Filter Cutoff = 68Hz
ADC Reference Voltage 2.4V
Maximum AC Body Current 100pA
Minimum Resistance R1 + R2 24kQ)
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10.2.1.2 i¥4MigiHiEF

T4 AFEOSX BB HIERE NI EEIRE, 15185 RESP 773211 (6:7) LS AMEASIFARIE B, RESP 778841 (4:2)
R RRIEPE RIS S MBI, BIGSAR B B RSB A FAOS S TR EBIEIRE , 3555 RESP 2772241 (1:0)E2E 7 10bs,
LECE NFE R REFERREY, RESP_MODP #1 RESP_MODN 3 |#<1Ei#E CONFIG4 §ﬁ3§1ﬁ[7:5]1ﬁ$ 32kHz. 42.667kHz
8§ 64kHz 758, REP_MODP #1 RESP_MODN 5 |HIEB[E LIS ESRZE LA R #81I1E VREFP 1 VREFN 2 [8]t)#t,

YRR Ry I R, BEE A NREIZ R MIRRTH, BREBERT, 5 REEARENEMESSS RN AER, FRHK
(At 75 BN TR e SRR HEX R A, Figure 76 BiR T AR XEBIGH SR B K,

R2 Rpp REIecirode
NN
Imob
INTP Reaseline
INTN DR
M ——— SRR

Figure 76. Ideal Behavior of the Respiration Modulation Circuit

WIE 1 AL HIRYFBER B R FEIERR MBI D ERR IR B, HBIE2S Ree ARBLAPHEMBERIFEME; Reecrode V&K
BRSSAEBFREEBME; Reaseine "R S AT, AR MRS ERIMIFBHTIRIZE K. RIR R A1 Ry BAE X T BB RERRYFR
BHMEBME, AFIRIE Equation 9 3 RESP_MOD 5 |BIMEINATRE A Imop BIZZ R BB LRI T-

Imop =

€
Hrp:

* Ve BTE RESP_MOD 5|k =4 MIMEE /9 VREFP - VREFN 757K,

1RHE IEC60601, $MZFF 32kHz HEE BN FPREITE 100pA LU, ZRHIXE Ry Hl R, FIAEHENM T &/ MVE,

N TIRIGERIEIERE, AFEISX FYMI N IUEITI AR S HME ZI Bl iR, PITULINRERYA M XN T Figure 75 HhBY C1.
C5. R3. R4, R5 71 R6, ECC FHMAEFAEMSEIEE 1 B, ATXMAIREN, BIKEXLEAGIRIEKSEE LR
R, BRUEERRECC HE, ik, MIRBILKENS, WHKESEEESRR.

BE 1 AMALLIRESH PCA K, ARTUEEINSMEEER, BERRMBNPRIFRS K, XET 5K
AR B3 N BITRAERSTUR S, LA Repy Retectrode A1 Reaseline 51EERI RIS, Equation 10 #5587 5 B A FEHZE (AR N AV
28481 H BB E,

Vresp = Imop x AR x Gpea (10

I fERA Vrese T AR MHR7BIE AN EITRERR, HtR VRESP RIIREIGLA AT AFE9SX FULIRE DR, X—18E
X Ry A Ry YRS LAK BB 4B Rep HEAN T LR, HEERBIRS B ENERRERS.

FEHKBREESRAEM, HE PCA FHREINARIHERAIRE, LERZHENSTOSHEERE, AT RRIE
%, AFE95x nA¥FECE RESP F 72589 RESP_PH(2:0)fil, XLEAHTHIFRIEMEAL, AREARMERGIA AR ZE5I NG
fUER, DARREBEEFEETHSINILER,

ERRERMUBURT RS, HMARZPRIERNBLBE SN EBHER MR ETRERNEFFERELER
RGRIFIERIRGo
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Figure 77 B/ T "MK B E., Figure 78 F Figure 79 46 7 3B E LT, 18 mFNAEAIET AFE9SX @18 1 ERIIRAS,
X R ELLR, tENH 29uA JEHIER(EM Equation 11).

Device
O IN1P
R2
40.2kQ
AVAVAY, ORESP_MODP
Reaseune
2.21kQ
AVAVAY, ORESP_MODN
R2
40.2kQ
TlN]N

Figure 77. Respiration-Noise Test Circuit

10 20 T T
— Phase = 112.5, PGA = 4 — Phase = 135, PGA =

GA=3 ”
95 || — Phase = 112.5, PGA =3 18 | — Phase = 135, PGA =2 i
F g || Phase=135 PGA=4 F — Phase = 157, PGA = 3 |I
= — Phase = 135 PGA =3 o =2 M | __ phase-157, PGA=2 |']
= as _ e =
] |l 1t 8 14 ||
2 = - g/
T us = 7 ® . — =
= e 15 —T —
] I
5 71 | / g 10 D E—— e
65 L ——
1—-_______‘_-_-__-_._._____-—-—'
(] (]
2H4 3690 4845 8076 9155 15258 224 3680 4845 BOTE 9155 15258
MNormalized Baseline Respimtion Impedance (0 MNormalized Baseline Respiration Impedance (£2)

BW = 150 Hz, respiration modulation clock = 32 kHz BW = 150 Hz, respirafion modulation clock = 64 kHz
Figure 78. Channel-1 Noise vs. Impedance for 32kHz Figure 79. Channel-1 Noise vs. Impedance for 64kHz
Modulation Clock and Phase Modulation Clock and Phase
R RactuaL x lactuaL an

NORMALIZED = — (a8 A
29uA

Heh:

*  Racua RELSAE,

o lacual BB, TELQTNII(VREFP - VREFN) BRLLE S EE ESHIFEHT,
a0, Rig:

« JABIIRER = 32kHz

*  RacruaL = 3kQ

* lacruaL = S0pA

*  Rnorwmauzep = (3kQ x S0pA) / 29pA = 5.1kQ

£ Figure 78 M Figure 79, 183 =4 BB =112.5°A]7F 6.4uVe T=EREERE. ERASM 2Hz HILEXNZES
BTGRIER, FIRAEFEEE 600nVee LI T RIS PEERT 600nVer / 29uA = 20mQ. HiAHISAZ S 32kHz BY, EF
185 3 M 4, LURARAL 112.5°F0 135° LIRS EERE. HiBHISIEN 64kHz BF, (/A 2 A 3 BYIE IR IAN 135°F] 157°K9
BOILER S REMEE,
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10.2.1.3 BIFHBSE

Figure 80 £ Fluke medSim 300b j&@id AFE95x ECG FE-PDK SREXHIMFIREHRE, AT HIEHITINEIE a K, X
RRRRHBSIE Z MRS, £ 32kHz RUARISTER. 3 B9 PGA 18mAl 112.5°8) RESP_PH 128,

159

- MM N 0
e L A LA TR L T
s O PO P TP
A AR AR
2 1o | l | l | l
S 1ses || l || l | |
g LT P T T
s O R T
Time (s)

Figure 80. Respiration Impedance Taken with AFE95x

10.2.2 {£FH AFE25x LAY PACEOUT 5| ITE F IR A TSI 218N

A TN Ehor B FIETORBE, HETEEMEYBEBESEXR ENENAEEIFE/NAIFENE(FEE).
1RIE AAMI EC11 RHIHIIRE, EF{XEHNTMEEBHIAIFEMNIBAEZE 0.5ms B30+, AFE95x BESLL 64kSPS HY
RERFIREIE; BRBERT, ZEREUBREENOR, I, AFE9Sx ENHIERRISEESMERENERIRE, &
A P;FEQASX LX%J%?&E’\JEFQ%E@)\EE%H?&?%, DUEHITIZE AT AV RO, XEWEFEBELIRIRIZIA;
E_l-ﬁb =1 %g YR q:o

BRIRHNEER AFE9Sx NERECIR(E S & M R AT E RE MBI Rikhk A< @ 5ML B EIREHRFF SAR ADC, LIS
WNBERESHITHF L. ARERFEHPRITEEROPLN, BXRZRWHNERTTIEE, 1555 Figure 81, RAIXK
FA7 OPA 71 SAR ADC BY485, OPA F3FIKz) SAR ADC RSN FRAFLEH, BIRMETHANRIEE, AITk#Eshat
B U Z BRI — ME@RNE RTURE IS K.

VCC

=

AVDD

Device SPI SPI 1
IN6

RESPMOD CLK

FRR

GPIO

VCAP2 PACEOUT AVSS

Microcontroller

}_
I

vCC

[
AVDD
—\/\/ 1 N\ 1 AINP
Ca c5< SARADC sp| SPI 2
.I AINN
L AVSS

AN : AN =
Rs

R4

Figure 81. Block Diagram of the Software Pacemaker Detection Topology
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10.2.2.1 18+ ER

Table 77 B/R7 Figure 81 FFFRAGHRNIEITER,
Table 77. Software Pace Design Requirements

DESIGN PARAMETER VALUE
Analog Supply Voltage 3.3V
Minimum Pacemaker Signal Bandwidth 0.5ms
Minimum Pacemaker Signal Amplitude 2mVv
Feedback Network R4 + Rs (Nonunity Gain) = 100kQ2

10.2.2.2 i#4MiRitiIEF

AFE95x ERIECIBE S IMARIRME DB BIRpVEIR, EAIEER 0.4V/V RIEZ EREATRAREESHASRIEE
PGA Vi, R EEEZ S SRR AFE9SX URIBE ST ESRETNITH., BEREESRES
TR 2546 H tm By BB A AE S TR IX R B] BB RIS o

7E AFE9SX RSS2 A1, ESUIHERIEERAZHITER S, EJ AFEISX R NARARBARREMNNE, BT
AN RE R 20MHz 248 mT 5, OPA IFEEATHITIZIIEE. EBEMARER LUIREMTE SAR ADC Z Fitefit
ESMIR IR, PRESISIKERRIIRMEBE D, C M R BEARRMHSERASINESHRIREE. XMBE AR
VB, ENBRRENERSEPERELERER TSR L BZER,

FEERAIMEINESEMREEERASZNERREIRETTEIEIR. 7] LUGEATE AFE9Sx LY VCAP2 iR {HAYEE
TERZZRRIRE EIRFEE, VCAP2 5|f_ERRBIERJRER RS, BERAERIKNEHRAZNRAEMERmNIIIES
EZSBEERASEEMHEFZIEE, RAERRMNFHAN.

ERMARRE R IGEEIEES Ra M Rs IR E OPA RYIE o, ZECERLEEREL Equation 12 FFAREIHEE R R AR ERTE
BRI 2o

R2

R T EBPE2R R M Rs RIS BFMERILH, BEAESLIH 100kQ, FLb/RI5ERSREITE AFE95x VCAP2 NERFS [E28IK
HERESEEA, H B HERSEINAME-REEIRE AR BRI,

4N2R OPA320 X AR /Has, MBFR R LURHB(IRm, MRAFEZMMEG, NTREREMEE, NFEM 0Q BEE
& C FEUEEE Rio

B& Ro. Cou Rav Cai Re. Cuav Ry # Cs B9 RC MEEHZAL T SAR ADC IR TR RC FURBIRIKES. ZISKIRAITTIF
BEIRENTE ADC RIFSME TR EZRRA, B MR 18 H T RANEIEE R, AT 2kHz BYHFEE LK 0.5ms
By e Rk,

AR RZH, KBS S MEANFRNRESRWEN DTSRI, Xh@d AFE9Sx R HIEH TR I, LUK
IRFS, 5 A2 3%RE3AE), SAR ARMEBRTERIMURRERI ENZ IR RN BIEN A8, BIFSREERMR 7 RFIRKES
KRR, HP—EEHRGEMNAGEE. BAULERENMCERE, KItRA AFE9SxX B3 FRIHRFNS IR E BB iR R RS fE
RS, B4R RR PRI IR H R R = A BIIRS

NSRRI X BN BENSRRT, BNEWMNEBERIROEE, BNARFHORE L ZEENE
BILMERBBEERERL, FEZEUSHARNPIENREHITIER. UWTNAREBEEAIRET R IZEH NI FH
—LEAMBS R

newDataPoint = collectFromAFE95x ( ); // Collect data from the AFE95x

Vo=V, <1 + E) 12)

// Bpply combined low-pass filter and differentiator

inputRateOfChange = LPFandDifferentiator( newDataPoint );

if ( abs( inputRateOfChange ) > thresholdValue ) // Check if a quick edge occurred
{

pacemakerFlag = true; // Edge detected

}
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10.2.2.3 BIFHRSE

Figure 82 E7R783d AFE95x B9 PACEOUT 5|RI(fEF OPA 1 AFE9SX)#1TUkER, ARMITIRRINEIE. PILUEREMIRA
AECHE R,

0.12

0.1

0.08

0.06

0.04

0.02

Yoltage (V)

) I R P N | YOURY O N S W PO

-0.02

-0.04

-0.08
0.33 0.356 0.39 042 045 048 051 0.54 057 06 063 0.66
Time (2)

MOTE: For illustration purposes, plot data were not processed in real time. As a result of the lack of shielding in this
particular configuration, dafa were also high-pass filtered {o atienuate the utility noise.

Figure 82. Filtered AFE95x Output Data with Pacemaker Pulse
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11. BBiFHEBEIY

AFE9S5x E 5 = EJR: AVDD. AVDD1 #1 DVDD, A7 k1F&{E148E, AVDD # AVDD1 BYIZE IR AJ AEfike AVDD1
NEBRREREHAER, HEEMEN fowBIBZE, Fit, MIUERHTURE AVDD1 H AVSS1 ZH#22| AVDD # AVSS. 3H
BRk B AVDD A1 AVDD1 (5 AFE9SX BUIETTAED )RR A IFEEEL A 1uF M 0. 1uF BISFEE B R EL5I 51 AFE9SX
B, NTRISRENMNRE, BN FHRIR(DSP. HizhgE. FPGA F)WEIRSH, UEXLERMH LANREIERFAIE
i AFE9Sx BURRINIRBIERIZ, 2R SERTIIK IR/ AFE9SX {HEE,

ERARELE. EAx. B, ZEMERBRSHITER. EAZHIBERT, VCAPI BRBUEZEME; B2, 7
BERZ IS BRI REFR, WREFFGEERES, NEBER 1 FBEZE(COG I NPO), EIA2 2H] 3 3
/T BR(E0 X7R. X5R. X8R FH)ZBH BRI, XL ARBMEBFFETT RN AR B BARBHEBIRE, FHAZIBEERN,
VCAP1 T EHIRE S EIERE T,

11.1 LEEF

ESRM LB A, FIEHFMEMEALTG T RBT, LB, BEXEESHRIFERBET, BERBERRENL, W
Figure 83 Ffirro

B ELL BREEAFIHEAE, ARHIER CLK 5IBREERES. F1FTE teor, FAISEEMARESETSIMISE IS
SRIXEMPOR, UFIRNTSHBEFED. 1E tror Z/FE VCAP1 BBEKRT 1.1V Z (UK ) &R B E s

<, EE:
+  Table 78 FNAT troro
« VCAP1 5|iizsEERS[a]H RC Bl EHUSE ; 15205 Figure 27,

FEHARESETS |ffE, WMECEFEFR/HITHIE, BXIFMER, 5SH CONFIGT: CONFIGURATION REGISTER 1 (ADDRESS
= 01H) (RESET = 06H)&f 5 Table77 FER T _EBFESIEF,

M@
Supplies /

tror

‘ tae(1)

1.1V ——
VCAPI1 ‘ VCAP = 1.1V < »
PWDN Start using
PR — > device
RESET st — ] [

(1) Timing to reset pulse is tpor Or affer tzc, whichever is longer.
(2) When using an external clock, teor timing does not start until CLK is valid.
(3) Timing to release PWDN and RESET is tpy after both AVDD and DVDD supplies are ready.

Figure 83. Power-Up Timing Diagram
Table 78. Timing Requirements for Figure 83

PARAMETER SYMBOL MIN MAX UNITS
Wait after Power-up until Reset tror 218 tewk
Reset Low Duration trst 2 tewk
Power Down and Reset Pin Release tein 0 tow
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11.1.1 ZEEFUHER(3V 5§ 1.8V)EE

Figure 84 3388 T YR E) AR EBIRAY AFE9SX. TE T BICR , FEIM B F(AVDD) LU I (AVSS) I ELf , #4 #E(DVDD)
LBk HI(DGND) B .,

+3V +1.8V
o o

_L]T]HF" ;T;O.HJF i;]uF

;EUF;;.

AVDD AVDDI DVDD
VREFP ™ 0 1 0F == 10uF

VREFN ﬁ

VCAPI1

| RESVI  Device VCAP2
! VCAP3
VCAP4 l l
WCT l
[ L 2 2uF

InF OluF

apamege LTI T

A4

NOTE: Place the capacitors for supply, reference, WCT, and VCAP1 to VCAP4 as close to the package as possible.

Figure 84. Single-Supply Operation

© 2024 AnalogySemi Ltd. All Rights Reserved. Confidential www.analogysemi.com | Page 113 of 118



AFEP54/AFE956/NFEF58/NFEP59
RI0FE. 8 @IE. 24 (U ADNERRINETIH

11.1.2 EIEFIINR (= 1.5V 5= 1.8V)HifE

Figure 85 3B 7 E1Z XK BBIREY AFE9SX, TEiZn I, RN IREIZ |23 IRINERIR(AVDD), Z IR 23 IRINE]
B&(AVSS)MELME, ¥4 HEE(DVDD) LIS M i E B (DGND) J L .

+1.5V
Q +1.8V
o
TI 0ﬁ
g;hJF g;O.HJF {l;o.lqul;luF

AVDD AVDD1 DVDD
VREFP [————"—
0.1uF 10pF

VREFN H

-1.5V

VCAPI

RESV Device VCAP2
VCAP3
VCAP4
WCT
AVSST AVSS DGND 1
1nF 0 1uF

BT A A A

1uF —LO.luF

™

NOTE: Place the capacitors for supply, reference, WCT, and VCAP1 to VCAP4 as close to the package as possible.

1uF == 2.2pF

Figure 85. Bipolar Supply Operation
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12. 5
12.1 HIBiEE

PR ERRIATUERE, UERBIEBARTFIHALCZEZBERR. N TRERENE, BB PCBELZH
TiEMYFE, FXE LT AEMESTL. ®RFSEMTFENERRAREER, ERELERREMEN, 5ER
ZNFITRIESL, LURBEMETT.

REESHRENESE—MEERE—ENRIRINNSGFZMTE; B2, SERRERN. HFNERANRS,
AFEDBZMTE. ERRETHRPRRI MFMBIRERY D ARER PCB Xig, LALLM FREIE MBS IR
RRAVRIABER R, RFEHITEMFE DS, NTE ADC #HITiERE, EZ MIBEERS MRS EEMIFEE,
AR BCXF S R LR T B R NME M T P8 R HIF ER

fEFRK ESR R B A 2855 X RS | il e A%E B ERB LR S IR BB A 2R R eI Ae S B IR S RN E . WIRTSRIENERE,
FE B AR ME R OIS RIBNER. BRERBELNIZRERRESIM, AERIBR5IH, EEBEEEN
(BMAFRICER), NRZD ADC (UF[E—PCB L, BEAEERDLAHETANERTE, URAREMEEKADC
28R EBHBIRTREM .

NRRIMNBISR A TR, 1BRAJREER COC BERARE, C0C BARZARRENFHEMMIEASE, ERIE
T, BEDESEAMS M, URKZEMBEYELZ BIRVIFRRETR, LT BIR (W5 S) I EET B A =N
SR, AR, NEEERBEIRKRS AVSS BIRILAMBERERGIH. 77T RAREMIRD B IR LA B /R IR T4k 2 8]
B, AR ERFDL; BRBRT, £ AVSS 5IfI XA ERE:E,

TR EHITREENEE, FBERNEMABRS, LHETEMMASIFIA AVSS Zial, XL N5
BESMEH, MIMIREIFEHR. ¥ AVSS 5IIIASRMRINME S, B &SRR EEERTEIRE, NRK
SKINEFMR, PCB 42 BRI PIAE BT AFE9SX I NRE BR. RETREFEHFESITE PCB LAVRIANRINIG
So

B1THEOMN SCLK AN ZEBIREM TN, X—RIREE, BMERAEIERN SCLK i, BHFES LA THEE
A RE RSB EIRSMIRE, N TREREERE, BRIEFECEAARIREARIKARBUFESHAIER, HBRMEH
FESEHERTEMTE EARA, MERRIIETL.

O Ground Fill or
Ground Plane

Ground Fill or
Ground Plane

Supply
Generation
Signal

C Conditioning
(RC Filters Device Microcontroller
O and

Amplifiers)

Optional: Split
Ground Cut

Interface
Transceiver

Connector
or Antenna

Ground Fill or
Ground Plane

Optionail: Split
Ground Cut

O Ground Fill or
Ground Plane

Figure 86. System Component Placement

12.2 % BT

B5% EVM BE S REHEES .
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13. PACKAGE INFORMATION

The AFE95x is available in the BGA-64 package. Figure 87 shows the package view.

2X
D1
& b @ .
D 6 5 4 3 2 &
N
PIN #1
CORNER VNORONOHONONONO) A
O0O000O0OO0O0O |8
O0000O000 |c
. _ O0O000O0O0O0O |»o
“ O0000000 |
O0000O0OO0O0O |-
O0O000O0O0O0 |e
O0000O00O0 |
|
aaa |C ‘ N xb
2X -
TOP VIEW s e}-ge:f%‘ s
BOTTOM VIEW
W?‘ Cavity
. ) I
\ 2 < ! WAV WA WAV W W)
4 ‘ X S< U \\ Detail A
\\ Seuﬁ:(:::nl:’" = SIDE VIEW
—QQ ddd |C 2
DETAIL A
Figure 87. Package View
Table 79 provides detailed information about the dimensions.
Table 79. Dimensions
SYMBOL DIMENSIONS IN MILLIMETERS DIMENSIONS IN INCHES
MIN NOM MAX MIN NOM MAX
A - - 1.360 - - 0.054
Al 0.300 0.350 0.400 0.012 0.014 0.016
A2 0.860 0.910 0.960 0.034 0.036 0.038
c 0.180 0.210 0.240 0.007 0.008 0.009
7.900 8.000 8.100 0.311 0.315 0.319
E 7.900 8.000 8.100 0.311 0.315 0.319
D1 - 5.600 — - 0.220 —
El — 5.600 — — 0.220 —
e — 0.800 — - 0.031 —
b 0.400 0.450 0.500 0.016 0.018 0.020
aaa 0.150 0.006
bbb 0.200 0.008
ddd 0.200 0.008
eee 0.150 0.006
fff 0.080 0.003
Bail Diam 0.450 0.018
N 64 64
MD/ME 8/8 8/8
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14. TAPE AND REEL INFORMATION

Figure 88 illustrates the carrier tape.

2.00 £0.10 4.00 £0.10
AWM @ 1.55+0.05 Y 175 0,10
i ‘ ;1780
. vlo o 00000000 O
\ :“me REF. 1.2 2

i::;; @ 1.5Min N_T (o ) E -

o |3 N ERCE ' Re O 3
g RO.3
L X X
Y —»
1.76 £0.10 12.00 + 0.10 8.35+0.10
Sectlon Y-Y
Rey
Notes: T‘f s
1. Cover tape width: 13.3 £ 0.10. |
2. Cumulative tolerance of 10 sprocket hole pitch: £0.20 (max).
3. Camber: not to exceed Tmm in 250mm. % g
4. Molq#: BG.A-édl. -
& Do ] (©)
c
Sectlon X-X
Figure 88. Carrier Tape Drawing
Table 80 provides information about tape and reel.
Table 80. Tape and Reel Information
PACKAGE REEL/ INNER BOX/ INNER BOX CARTON
TYPE REEL QTY/REEL INNER BOX CARTON QTY/CARTON SIZE (mm) SIZE (mm)
BGA-64 13" 1000 1 8 8000 358*340*50 430*380*390

Figure 89 shows the product loading orientation— pin 1 is assigned at Q1.

o O O O

-

Pin 1

rQl i Q2 Ql Q2

QB Q4 [SKRESY)

* Q: Pocket quadrant

Figure 89. Product Loading Orientation
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REVISION HISTORY

REVISION DATE DESCRIPTION
Rel 1.1 20 September 2023 | Preliminary release.
Rel 1.2 21 December 2023 | Updated the TYPICAL CHARACTERISTICS section.
Rel 1.3 14 November 2024 |Updated Page 1, order information, Table 7, Table 8, and Section 7.1.
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