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ADS1293 用用于于生生理理信信号号测测量量的的低低功功耗耗、、3 通通道道、、24 位位模模拟拟前前端端

1 特特性性 3 说说明明

1• 三个具有同步起搏输出的高分辨率数字心电图 ADS1293 包含便携式、低功耗医疗、体育运动和健身
(ECG) 通道 用心电图 (ECG) 应用中通常所需要的全部特性。 凭借

• 抗电磁干扰 (EMI) 输入 高度集成以及出色的性能，ADS1293 能够以大幅缩小
• 低功耗：每通道 0.3mW 的尺寸、降低的功耗和整体成本创建可扩展的医疗仪器

• 输入引入噪声：7μVpp（40Hz 带宽） 系统。

• 输入偏置电流：175pA
ADS1293 特有 3 个能够以高达 25.6ksps 的速率工作

• 数据速率：高达 25.6ksps
的高分辨率通道。 该器件可单独针对每个通道编程特

• 差分输入电压范围：±400mV
定的采样率和带宽，从而使用户能够针对性能和功耗来

• 模拟电源电压：2.7V 至 5.5V
优化配置。 所有输入引脚均包含一个 EMI 滤波器，并

• 数字输入输出 (I/O) 电源电压：1.65V 至 3.6V
且可通过一个灵活的选路开关路由至任一通道。 另

• 右腿驱动放大器
外，凭借这一灵活的选路功能，无需从外部重新连接导

• 交流和直流导联断线检测
联即可实现独立的导联断线检测、右腿驱动、以及生成

• Wilson 和 Goldberger 终端 Wilson/Goldberger 基准电端。 对于未使用数字起搏检
• 针对中断驱动诊断的 ALARMB 引脚

测的应用，可通过第四个通道进行外部模拟起搏检测。
• 电池电压监控

ADS1293 包含一个自我诊断警报系统，来检测系统何• 内置振荡器与基准
时处于运行条件之外。 这样的事件被报告给错误标• 灵活的断电和待机模式
志。 错误标志的整体状态可由一个专用 ALARMB 引

2 应应用用 脚上的信号显示。

• 便携式 1/2/3/5/6/7/8/12 导联 ECG 此器件采用 5mm x 5mm x 0.8mm，28 引脚 LLP 封
• 病人生命体征监控：动态心电图、事件、压力和远 装。 -20°C to 85°C 的运行温度范围。

程医疗

• 自动体外除颤器 器器件件信信息息(1)

器器件件型型号号 封封装装 封封装装尺尺寸寸（（标标称称值值））• 体育运动和健身（心率和 ECG）
ADS1293 WQFN (28) 5.00mm x 5.00mm

(1) 要了解所有可用封装，请见数据表末尾的可订购产品附录。

4 应应用用图图

1

PRODUCTION DATA information is current as of publication date. Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not necessarily include testing of all parameters.

English Data Sheet: SNAS602

http://www.ti.com.cn/product/cn/ADS1293?dcmp=dsproject&hqs=pf
http://www.ti.com.cn/product/cn/ADS1293?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com.cn/product/cn/ADS1293?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com.cn/product/cn/ADS1293?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com.cn/product/cn/ADS1293?dcmp=dsproject&hqs=support&#community
http://www.ti.com.cn/product/cn/ads1293?qgpn=ads1293
http://www-s.ti.com/sc/techlit/SNAS602.pdf
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6 Pin Configuration and Functions

LLP Package
28-Pin WQFN

Top View

Pin Functions
PIN

TYPE FUNCTION
NAME NO.

IN1 - IN6 1 - 6 Analog Input Electrode input signals
WCT 7 Analog Output Wilson reference output or analog pace channel output
CMOUT 8 Output Common-mode detector output
RLDOUT 9 Analog Output Right-leg drive amplifier output
RLDINV 10 Analog Input Right-leg drive amplifier negative input
RLDIN 11 Analog I/O Right-leg drive amplifier positive input or analog pace channel output
RLDREF 12 Analog Output Internal right-leg drive reference
SYNCB 13 Digital I/O Sync bar; multiple-chip synchronization signal input or output
VSSIO 14 Digital Supply Digital input/output supply ground
ALARMB 15 Digital Output Alarm bar
CSB 16 Digital Input Chip-select bar
SCLK 17 Digital Input Serial clock
SDI 18 Digital Input Serial data input
SDO 19 Digital Output Serial data output
DRDYB 20 Digital Output Data ready bar
CLK 21 Digital I/O Internal clock output or external clock input
VDDIO 22 Digital Supply Digital input/output supply
XTAL1 23 Digital Input External crystal for clock oscillator
XTAL2 24 Digital Input External crystal for clock oscillator
RSTB 25 Digital Input Reset bar
CVREF 26 Analog I/O External cap for internal reference voltage
VSS 27 Analog Supply Power supply ground
VDD 28 Analog Supply Positive power supply
DAP — — No connect

Copyright © 2013–2014, Texas Instruments Incorporated 3
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7 Specifications

7.1 Absolute Maximum Ratings
See (1) (2).

MIN MAX UNIT
Analog Supply Voltage, VDD –0.3 6.0 V
Digital Supply Voltage, VDDIO –0.3 6.0 V
Voltage on any Input Pin –0.3 to (VDD + 0.3) V
Input Current at Any Pin ±10 mA
Max Junction Temperature (3) 150 °C
Tstg Storage temperature –60 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings 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 Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages are measured with respect to the ground pin, unless otherwise specified.
(3) The maximum power dissipation must be derated at elevated temperatures and is dictated by TJ(MAX), θJA, and the ambient temperature,

TA. The maximum allowable power dissipation PDMAX = (TJ(MAX) – TA)/ θJA or the number given in Absolute Maximum Ratings,
whichever is lower.

7.2 ESD Ratings
VALUE UNIT

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins (1) 1000
V(ESD) Electrostatic discharge VCharged device model (CDM), per JEDEC specification JESD22-C101, 500

all pins (2)

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Analog Supply Voltage, VDD 2.7 5.5 V

VDD > 3.6 V 1.65 3.6 VDigital I/O Supply
Voltage VDD ≤ 3.6 V 1.65 VDD V
Supply Ground VSS = VSSIO
Full Scale Differential Input Voltage Range, DIVR ±400 mV
Temperature Range (1) –20 85 °C

(1) The maximum power dissipation must be derated at elevated temperatures and is dictated by TJ(MAX), RθJA, and the ambient
temperature, TA. The maximum allowable power dissipation PDMAX = (TJ(MAX) – TA)/RθJA or the number given in Absolute Maximum
Ratings, whichever is lower.

7.4 Thermal Information
ADS1293

THERMAL METRIC (1) LLP UNIT
28 PINS

RθJA Junction-to-ambient thermal resistance (2) 29 °C/W

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
(2) The maximum power dissipation must be derated at elevated temperatures and is dictated by TJ(MAX), RθJA, and the ambient

temperature, TA. The maximum allowable power dissipation PDMAX = (TJ(MAX) – TA)/RθJA or the number given in Absolute Maximum
Ratings, whichever is lower.

4 Copyright © 2013–2014, Texas Instruments Incorporated
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7.5 Electrical Characteristics (1)

Unless otherwise noted, all limits are specified at TA = 25°C, 2.7 V ≤ VDD ≤ 5.5 V, 1.65 V ≤ VDDIO ≤ MIN(3.6 V, VDD), VREF
= 2.4 V, fOSC = 409.6 kHz, 1-µF low-ESR capacitor between CVREF and GND, 0.1-µF capacitor between RLDREF and GND.

PARAMETER TEST CONDITIONS MIN (2) TYP (3) MAX (2) UNIT

POWER SUPPLY (VDD, VDDIO)

VDD Analog Supply Voltage TMIN ≤ TA ≤ TMAX 2.7 5.5 V

Power-down mode 80
µA

TMIN ≤ TA ≤ TMAX 125

Standby mode 120
µA

TMIN ≤ TA ≤ TMAX 175

1 chan, WILSON OFF, RLD OFF, CMDET OFF, 205LOD OFF, low-power

TMIN ≤ TA ≤ TMAX 290

1 chan, WILSON OFF, RLD OFF, CMDET OFF, 335LOD OFF, high-res

TMIN ≤ TA ≤ TMAX 490

3 chan, WILSON OFF, RLD OFF, CMDET OFF,IVDD Analog Supply Current 350LOD OFF, low-power

TMIN ≤ TA ≤ TMAX 520
µA

3 chan, WILSON ON, RLD ON, CMDET ON, LOD 440ON, low-power, low cap-drive

TMIN ≤ TA ≤ TMAX 595

3 chan, WILSON ON, RLD ON, CMDET ON, LOD 835ON, high-res, low cap-drive

TMIN ≤ TA ≤ TMAX 1120

3 chan, WILSON ON, RLD ON, CMDET ON, LOD 960ON, high-res, high cap-drive

TMIN ≤ TA ≤ TMAX 1300

VDD > 3.6 V 1.65 3.6 VTMIN ≤ TA ≤ TMAX
VDDIO IO Supply Voltage

VDD ≤ 3.6 V 1.65 VDD VTMIN ≤ TA ≤ TMAX

IVDDIO Quiescent Current IO Supply 0.6 µA

ANALOG INPUTS (IN1-IN6)

TA = 25°C, LOD OFF –175 175 pA
IB Input Bias Current TA = 85°C, LOD OFF –13 13 nATMIN ≤ TA ≤ TMAX

RIN Differential Input Resistance 500 MΩ

f = 400 MHz 92 dB

f = 900 MHz 107 dBElectromagnetic Interference RejectionEMIRR Ratio, IN+, IN-, and VDD f = 1.8 GHz 98 dB

f = 2.4 GHz 86 dB

(1) Typical specifications are estimations only and are not ensured.
(2) Datasheet min/max specification limits are specified by test, unless otherwise noted.
(3) Typical values represent the most likely parameter norms at TA = 25°C and at the Recommended Operating Conditions at the time of

product characterization and are not ensured.

Copyright © 2013–2014, Texas Instruments Incorporated 5
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Electrical Characteristics(1) (continued)
Unless otherwise noted, all limits are specified at TA = 25°C, 2.7 V ≤ VDD ≤ 5.5 V, 1.65 V ≤ VDDIO ≤ MIN(3.6 V, VDD), VREF
= 2.4 V, fOSC = 409.6 kHz, 1-µF low-ESR capacitor between CVREF and GND, 0.1-µF capacitor between RLDREF and GND.

PARAMETER TEST CONDITIONS MIN (2) TYP (3) MAX (2) UNIT

ANALOG FRONT END

DIVR Differential Input Voltage Range TMIN ≤ TA ≤ TMAX –400 400 mV

Common-Mode Voltage Range for full VDD –CMVR TMIN ≤ TA ≤ TMAX 0.95 VDIVR 0.95

±16
VOS Input-Referred Offset Voltage µV

TMIN ≤ TA ≤ TMAX –87 87

CMRR Common-Mode Rejection Ratio 50 / 60 Hz, VCMDC = RLDREF, VCMAC = 1.2VPP 100 dB

0.1 - 215 Hz, low-power mode 23

TMIN ≤ TA ≤ TMAX 30.5

0.1 - 215 Hz, high-resolution mode 15

TMIN ≤ TA ≤ TMAX 23.95Input-Referred Voltage Noise forVe-ECG µVPPECG (4)
0.1 - 40 Hz, low-power mode 10

TMIN ≤ TA ≤ TMAX 23.1

0.1 - 40 Hz, high-resolution mode 7

TMIN ≤ TA ≤ TMAX 10.3

1 - 1280 Hz, high-resolution mode, double paceVe-PACE Input-Referred Voltage Noise for Pace 0.4 mVPPdata rate

0.1 - 215 Hz, low-power mode 240

TMIN ≤ TA ≤ TMAX 315
Ne Input-Referred Noise Density nV/√Hz

0.1 - 215 Hz, high-resolution mode 155

TMIN ≤ TA ≤ TMAX 250

PSRR Power Supply Rejection Ratio 50 / 60 Hz 94 dB

XTLK Crosstalk between channels Crosstalk from driven channel to zero input channel –105 dB

215-Hz bandwidth, low-power mode 17.8
bits

TMIN ≤ TA ≤ TMAX 17.4ENOB- Effective Number of Bits for ECGECG 215 Hz bandwidth, high-resolution mode 18.4
bits

TMIN ≤ TA ≤ TMAX 17.8

ENOB- 1280-Hz bandwidth, high-resolution mode, doubleEffective Number of Bits for Pace 13.7 bitsPACE pace data rate

See Table 8, Table 9, Table 10 and Table 11RS-ECG Sample Rate ECG Channel 25 6400 spsTMIN ≤ TA ≤ TMAX

RS-PACE Sample Rate PACE Channel TMIN ≤ TA ≤ TMAX 3.2 25.6 ksps

TSKEW Sample Time Skew Between Channels Multichip simultaneous sampling architecture 0 µs

INTERNAL REFERENCE (REF)

Internal Reference Voltage 2.4 V

Internal Reference Accuracy ±0.5%
VREF

Internal Reference Drift ±11 ppm/°C

Internal Reference Start-up Time 5 ms

BATTERY MONITOR

Division (VDD-VREF)/factor 3.246 V/V

Division Accuracy ±0.25%

TEST REFERENCE

(VREF-VSS)/factor 12 V/V

Division Accuracy ±0.1%

Current Consumption 3.5 μA

(4) At least 1000 consecutive readings are used to calculate the peak-to-peak noise in production.

6 Copyright © 2013–2014, Texas Instruments Incorporated
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Electrical Characteristics(1) (continued)
Unless otherwise noted, all limits are specified at TA = 25°C, 2.7 V ≤ VDD ≤ 5.5 V, 1.65 V ≤ VDDIO ≤ MIN(3.6 V, VDD), VREF
= 2.4 V, fOSC = 409.6 kHz, 1-µF low-ESR capacitor between CVREF and GND, 0.1-µF capacitor between RLDREF and GND.

PARAMETER TEST CONDITIONS MIN (2) TYP (3) MAX (2) UNIT

RIGHT-LEG DRIVE AMPLIFIER (RLD Amp)

VOS Input-Referred Offset Voltage ±5 mV

CMVR Common-Mode Voltage Range TMIN ≤ TA ≤ TMAX 0.5 VDD – 0.5 V

Low-bandwidth mode 50 kHz
GBW Programmable Gain Bandwidth

High-bandwidth mode 200 kHz

Low-bandwidth mode 25 mV/μs
SR Slew Rate

High-bandwidth mode 90 mV/μs

High-bandwidth, Low cap-drive mode (see Table 5) 400 pFProgrammable Capacitive Load DrivingClMAX Capability Low-bandwidth, High cap-drive mode (see Table 5) 8 nF

Low-bandwidth, Low cap-drive mode 20
μA

TMIN ≤ TA ≤ TMAX 36
IVDD Quiescent Power Consumption

High-bandwidth, High cap-drive mode 60
μA

TMIN ≤ TA ≤ TMAX 91

RIGHT-LEG DRIVE REFERENCE

(VDD –RLDREF Output Voltage Unloaded VVSS)/2.2

COMMON-MODE DETECTOR AMPLIFIER (CMDET Amp)

CMVR Common-Mode Voltage Range TMIN ≤ TA ≤ TMAX 0.5 VDD – 0.5 V

Low-bandwidth mode 50 kHz
BW Programmable Bandwidth

High-bandwidth mode 150 kHz

Low-bandwidth mode 25 mV/μs
SR Slew Rate

High-bandwidth mode 90 mV/μs

High-bandwidth mode, Low capdrive mode (see 400 pFTable 4)Programmable Capacitive Load DrivingClMAX Capability Low-bandwidth mode, High cap- drive mode (see 8 nFTable 4)

N leads, low-bandwidth mode, low cap-drive mode 21 + 3 × N μA
IVDD Power Consumption (Selected Leads)

N leads, high-bandwidth mode, high cap-drive mode 61 + 3 × N μA

WILSON REFERENCE CIRCUIT

IVR Input Voltage Range TMIN ≤ TA ≤ TMAX 0.5 VDD – 0.5 V

BW Bandwidth 3 buffers ON 50 kHz

SR Slew Rate 3 buffers ON 45 mV/μs

Ne Noise Density At 10 Hz 60 nV/√Hz

Input-Referred Noise for WilsonVe 0.1 - 200 Hz, 3 buffers ON 5.5 μVPPReference Amp

IVDD Power Consumption (Selected Leads) N leads, low-power mode 7 × N μA

LEAD-OFF DETECTION

Programmable: Min. code 0x01 8 nA(See Lead-Off Detection (LOD))
IEXC Excitation Current

Programmable: Max. code 0xFF 2040 nA(See Lead-Off Detection (LOD))

IEXCTOL Excitation Current Accuracy 25%

AC LOD mode, programmable, minimum 6.1 Hz(see Analog AC Lead-Off Detect )
FEXC Excitation Frequency

AC LOD mode, programmable, maximum 12.5 kHz(see Analog AC Lead-Off Detect)

VTHDC DC Lead-Off Comparator Threshold VDD – 0.5 V

VHYST Comparator Hysteresis DC lead-off mode 55 mV

IVDD Current Consumption Programmed excl. excitation current 25 μA

Copyright © 2013–2014, Texas Instruments Incorporated 7
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Electrical Characteristics(1) (continued)
Unless otherwise noted, all limits are specified at TA = 25°C, 2.7 V ≤ VDD ≤ 5.5 V, 1.65 V ≤ VDDIO ≤ MIN(3.6 V, VDD), VREF
= 2.4 V, fOSC = 409.6 kHz, 1-µF low-ESR capacitor between CVREF and GND, 0.1-µF capacitor between RLDREF and GND.

PARAMETER TEST CONDITIONS MIN (2) TYP (3) MAX (2) UNIT

ANALOG PACE CHANNEL

Gain 3.5 V/V

BW –3dB Bandwidth 50 kHz

Output Reference RLDREF V

VOS Input-Referred Offset Voltage ±1.3 mV

2.7 V ≤ VDD < 3.3 V –330 330 mVTMIN ≤ TA ≤ TMAX
DIVR Differential Input Voltage Range

3.3 V ≤ VDD –400 400 mVTMIN ≤ TA ≤ TMAX

Common-Mode Voltage Range for fullCMVR TMIN ≤ TA ≤ TMAX 0.95 VDD – 1.1 VDIVR

CMRR Common-Mode Rejection Ratio 0.5 V ≤ VCM ≤ VDD-1.5 V 85 dB

PSRR Power Supply Rejection Ratio 3 V ≤ VDD ≤ 5 V, VCM=RLDREF 80 dB

SR Slew Rate 35 mV/µs

Overload Recovery 100 µs

Ve-APACE Input-Referred Noise for Analog Pace VCM = RLDREF, 0.1 kHz - 20 kHz 105 µVPP

IVDD Current Consumption 29 µA

CLOCK

fOSC Internal Clock Frequency fCRYSTAL = 4.096 MHz 409.6 kHz

Internal Clock Duty Cycle 50%

TSTART Internal Clock Start-up Time fCRYSTAL = 4.096 MHz 15 ms

IVDD Internal Clock Power Consumption 83 µA

fEXT External Clock Frequency (5) TMIN ≤ TA ≤ TMAX 370 409.6 450 kHz

External Clock Duty Cycle (5) TMIN ≤ TA ≤ TMAX 40% 50% 60%

DIGITAL INPUT / OUTPUT CHARACTERISTICS

0.8 ×VIH Logical “1” Input Voltage TMIN ≤ TA ≤ TMAX VVDDIO

0.2 ×VIL Logical “0” Input Voltage TMIN ≤ TA ≤ TMAX VVDDIO

ISOURCE = 400 µA, Digital output high-drive mode VDDIO –
TMIN ≤ TA ≤ TMAX 0.075

VOH Logical “1” Output Voltage V
ISOURCE = 400 µA, Digital output low-drive mode VDDIO –
TMIN ≤ TA ≤ TMAX 0.15

ISINK = 400 µA, Digital output high-drive mode VSSIO + V
TMIN ≤ TA ≤ TMAX 0.075

VOL Logical “0” Output Voltage
ISINK = 400 µA, Digital output low-drive mode VSSIO + V
TMIN ≤ TA ≤ TMAX 0.15

SYNCB and RESETB pins, with 1-MΩ internal µA±1pullup resistor
IIOHL Digital IO Leakage Current

Other digital I/O pins nA–500 500TMIN ≤ TA ≤ TMAX

(5) Specified by design; not production tested.

8 Copyright © 2013–2014, Texas Instruments Incorporated
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7.6 Write Timing Requirements
Unless otherwise noted, all limits specified at TA = 25°C, 2.7 V ≤ VDD ≤ 5.5 V, 1.65 ≤ VDDIO ≤ MIN (3.6 V, VDD), VREF =
2.4 V, fOSC = 409.6-kHz and a 10-pF capacitive load in parallel with a 10-kΩ load on SDO.

MIN MAX UNIT
FSCLK Serial Clock Frequency 20 MHz
tPH SCLK Pulse Width - High FSCLK = 20 MHz 0.4/FSCLK s
tPL SCLK Pulse Width - Low FSCLK = 20 MHz 0.4/FSCLK s
tSU SDI Set-up Time 5 ns
tH SDI Hold Time 5 ns

Figure 1. Write Timing Diagram

7.7 Read Timing Requirements
Unless otherwise noted, all limits specified at TA = 25°C, 2.7 V ≤ VDD ≤ 5.5 V, 1.65 ≤ VDDIO ≤ MIN(3.6 V, VDD), VREF = 2.4
V, fOSC = 409.6-kHz and a 10-pF capacitive load in parallel with a 10-kΩ load on SDO.

MIN NOM MAX UNIT
tODZ SDO Driven-to-Tristate Time Measured at 10% / 90% 15 ns

point
tOZD SDO Tristate-to-Driven Time Measured at 10% / 90% 15 ns

point
tOD SDO Output Delay Time 10 ns
tCSS CSB Set-up Time 5 ns
tCSH CSB Hold Time 5 ns
tIAG Inter-Access Gap 10 ns
tDRDYB Data Ready Bar at every 1/ODR second, see Figure 25 4/fOSC s

Figure 2. Read Timing Diagram

Copyright © 2013–2014, Texas Instruments Incorporated 9
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7.8 Typical Characteristics
All plots at TA = 25°C, VDD = 3.3 V, VDDIO = 1.8 V, VSS = VSSIO = 0 V, internal VREF = 2.4 V, VCM = RLDREF, internal
fOSC = 409.6 kHz, data rate = 1067 sps, and High-Resolution mode, unless otherwise noted.

Figure 3. VOS vs VDD Figure 4. VOS vs VCM

Figure 6. Vref vs VDDFigure 5. VOS Distribution

Figure 7. Ibias vs VIN Diff Figure 8. Ibias vs VIN Diff
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Typical Characteristics (continued)
All plots at TA = 25°C, VDD = 3.3 V, VDDIO = 1.8 V, VSS = VSSIO = 0 V, internal VREF = 2.4 V, VCM = RLDREF, internal
fOSC = 409.6 kHz, data rate = 1067 sps, and High-Resolution mode, unless otherwise noted.

Figure 9. Ibias vs VCM Figure 10. Ibias vs VCM

Figure 11. PSRR vs Frequency Figure 12. CMRR vs Frequency

Figure 14. Noise HistogramFigure 13. Input-Referred Noise
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Typical Characteristics (continued)
All plots at TA = 25°C, VDD = 3.3 V, VDDIO = 1.8 V, VSS = VSSIO = 0 V, internal VREF = 2.4 V, VCM = RLDREF, internal
fOSC = 409.6 kHz, data rate = 1067 sps, and High-Resolution mode, unless otherwise noted.

Figure 15. FFT Plot ECG Channel (50-Hz Signal) Figure 16. FFT Plot Pace Channel (50-Hz Signal)
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8 Detailed Description

8.1 Overview
The ADS1293 is a fully-integrated signal chain for ECG applications. It features three low-power, 24-bit resolution
channels for ECG and pace monitoring and an auxiliary fourth channel for analog pace detection. In addition, the
ADS1293 features AC and DC lead-off detection, right-leg drive capability, and Wilson and Goldberger terminals.

Each of the three channels is synchronized and provides digital filtering with a cut-off frequency that is
programmable from 5 Hz to 1280 Hz. Each channel filter can be set independently while maintaining
synchronization. In addition, a lower-resolution output is provided for each signal channel with a cut-off frequency
programmable between 650 Hz to 2.6 kHz. These output signals are ideal for sensing a pace-maker signal. Each
channel provides enough dynamic range to handle electrode offset and motion artifacts without sacrificing
resolution. Each input has built-in EMI rejection that eliminates noise from RF transmitters.

8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Flexible Routing Switch
The flexible routing switch can connect the inputs of the three analog front-end channels as well as the inputs of
the analog pace channel to any of the 6 input pins. This allows system flexibility and even on-the-fly
reconfiguration of the ECG monitoring system. For test purposes, the flexible routing switch can short the
differential input pins of a channel or connect a differential reference signal to the input of a channel. This
reference voltage can be applied with both positive and negative polarity. This feature allows to measure relative
mismatches between channels, such as offset and gain mismatches. Additionally, there is an option to route a
fraction of the battery voltage (the voltage source connected to the VDD pin) to an input channel. This allows the
ADS1293 to monitor the state of charge of the battery.

The switch path inside the flexible routing switch is illustrated in Figure 17. The figure shows the switch path for a
single channel. All channels are completely identical. The switches are controlled by the registers
FLEX_CH1_CN, FLEX_CH2_CN, FLEX_CH3_CN, and FLEX_VBAT_CN, which are described in the Input
Channel Selection Registers.

Figure 17. Flexible Routing Switch for Channel 1

It should be noted that the switches that control the input selection for the analog front-end channels have a
certain priority. If the battery voltage monitoring mode is enabled by programming the VBAT_MONI_CHx bit in
the FLEX_VBAT_CN register, then the POSx and NEGx bits programmed in the FLEX_CHx_CN register no
longer have any effect. The battery voltage monitoring mode thus takes priority; this is shown in the first row of
Table 1. Furthermore, the test features take second priority over the input pin selection. If the TSTx bit of the
FLEX_CHx_CN register are not zero, then the POSx and NEGx bits are essentially ignored, and the test features
will take priority as seen in Table 1. The TSTx, POSx, and NEGx bits are described in the Input Channel
Selection Registers.

Table 1. Channel 1 Switch Configuration
VBAT_MONI_CHx CALx POSx NEGx MODE

1 X X X CHx is in battery voltage monitoring mode
0 11 X X CHx input shorted
0 01 X X CHx input connected to positive reference
0 10 X X CHx input connected to negative reference

CHx positive input connected to pin INx and negative input connected to pin0 00 INx INy INy
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Feature Description (continued)

8.3.2 Battery Monitoring
The battery voltage monitoring mode is enabled by setting bit VBAT_MONI_CHx = 1 in the FLEX_VBAT_CN
register. Also, the instrumentation amplifier of the selected channel must be shut down by setting
SHDN_INA_CHx = 1 in the AFE_SHDN_CN register. In this mode, the positive input, POSx, of the sigma-delta
modulator will sample the voltage supplied on the VDD pin. At the same time, the negative input, NEGx, of the
sigma-delta modulator will sample the reference voltage, VREF, generated on or provided to the CVREF pin. As a
result, the output signal of the sigma-delta modulator is a measure for (VBAT-VREF). In this operation, the sigma-
delta modulator works with a modified gain factor, and the battery voltage, VBAT, can be calculated as follows:

(1)

In this equation, VREF equals 2.4 V if the internal reference voltage generator is used, and ADCMAX represents
the maximum output code of the ADC, which would correspond to a theoretical 2.4-V signal at the input of the
sigma-delta modulator. The value of ADCMAX is dependent on the configuration of the digital filters, and the
corresponding ADCMAX values are listed in Table 8 through Table 11.

The battery monitoring mode is targeted for battery operated systems within a voltage range of 2.4 V to 4.8 V.
The battery monitoring mode cannot be used when the ADS1293 is powered from a regulated 5-V supply
because it risks saturating the sigma-delta modulator. There is a also a low battery alarm that is implemented
independently from the battery monitoring mode, which will trigger a battery alarm when the supply voltage is
below 2.7 V (see the BATLOW description in Alarm Functions).

8.3.3 Test Mode
If the battery voltage monitoring function is not enabled, and if bit TSTx = 01 (see the Input Channel Selection
Registers section), then a positive DC test signal is provided to the input of the instrumentation amplifier. If TSTx
= 10, then that same test signal is provided but with negative polarity. The expected ADC output code can be
calculated as follows:

(2)

In Equation 2, the positive or negative DC test signal VTEST = VREF/12. Note that this test mode is not a gain
calibration since VTEST and VREF are generated by the same reference; however, it can be used as a self-test or
to measure gain mismatches between channels.

When TSTx = 11, the inputs of the instrumentation amplifier in the channel can be shorted to provide a zero test
signal. The expected ADC output code equation can be simplified to:

(3)

For both equations, the value of ADCMAX corresponding to a given decimation configuration can be obtained from
Table 8 through Table 11.

8.3.4 Analog Front-End
The ADS1293 contains three analog front ends that convert a differential analog voltage into a digital signal.
Each analog front end consists of an instrumentation amplifier (INA), a sigma-delta modulator (SDM), and a
digital filter.

8.3.5 Instrumentation Amplifier (INA)
The instrumentation amplifier provides a high input impedance to interface with signal sources that may have
relatively high output impedance, such as ECG electrodes. The maximum differential input voltage range of the
Sigma-Delta Modulator (SDM) behind the INA is ±1.4 V, and the gain of the INA is 3.5x. Therefore, the maximum
differential input voltage of the INA is ±400 mV.

Copyright © 2013–2014, Texas Instruments Incorporated 15

http://www.ti.com.cn/product/cn/ads1293?qgpn=ads1293
http://www.ti.com.cn


:säyw Û 8+0ÆºÑ E rätw; Q %/84� Q :8&& F rätwF säyw Û 8+0ÆºÑ; 

ADS1293
ZHCSA21C –FEBRUARY 2013–REVISED DECEMBER 2014 www.ti.com.cn

Feature Description (continued)
The input common-mode voltage range (CMVR) of the INA is 0.95 V to VDD-0.95 V. If the input differential
voltage range is limited to smaller values, then the CMVR can be somewhat extended. If the differential input
signal is limited to VINMAX, the CMVR range can be defined as:

(4)

The INA can be configured to operate in a low-power mode or in a high-resolution mode. The low-power mode
consumes about 3 times less power than the high-resolution mode. However, the high-resolution mode has less
noise than the low-power mode. Switching between these two modes is controlled by the EN_HIRES_CHx bits in
the AFE_RES register.

When a channel is not in use, its INA can be shut down by programming the SHDN_INA_CHx bit in the
AFE_SHDN_CN register, and its SDM can also be shut down by programming the SHDN_SDM_CHx bit in the
AFE_SHDN_CN register.

8.3.5.1 Instrumentation Amplifier Fault Detection
The output signal of the instrumentation amplifier can be monitored to ensure its output signal is within an
appropriate range. The out-of-range error flags for the INAs can be observed in the ERROR_RANGE1,
ERROR_RANGE2 and ERROR_RANGE3 registers.

The output signal is present at two points: OUTP and OUTN. If the input common-mode voltage or differential
voltage is such that the instrumentation amplifier would have to drive the voltages at these points above the
positive or below the negative supply rail, then the signal accuracy would be lost. These two points are monitored
and a warning flag is raised if the voltage on these pins approaches the supply rails. If the OUTP_HIGH flag is
raised, then the voltage at OUTP is close to the positive rail. This indicates the differential input signal is too
large or the input common-mode voltage is too high. If the OUTP_LOW flag is raised, then the voltage at OUTP
is close to the negative rail. This happens at low input common-mode voltages and large negative differential
input voltages. Similar reasoning holds for the OUTN_HIGH and OUTN_LOW flags.

The differential output voltage of the INA is monitored and reported to the DIF_HIGH bit. This error flag indicates
that the differential signal is out-of-range and is no longer an accurate representation of the input signal. The
DIF_HIGH error flag is raised if the differential output voltage of the INA exceeds ±1.4 V, which is the input range
of the Delta-Sigma Modulator. When this happens, the SDM will no longer sample the output of the INA, but
instead will sample 0 V. The sign of the input signal can still be observed in the SIGN bit of the
ERROR_RANGEx registers.

The fault detection circuitry for OUTP_HIGH, OUTP_LOW, OUTN_HIGH and OUTN_LOW can be shut down by
programming the SHDN_FAULTDET_CHx bits in the AFE_FAULT_CN register. These shutdown bits do not
affect the operation of DIF_HIGH and SIGN because the instrumentation amplifier should always provide these
signals to the sigma-delta modulator. The circuitry that generates DIF_HIGH and SIGN only gets shut down
when the corresponding INA is shut down.

8.3.6 Sigma-Delta Modulator (SDM)
The Sigma-Delta Modulator (SDM) takes the output signal of the INA and converts this signal into a high
resolution bit stream that is further processed by the digital filters.

The SDM can operate at clock frequencies of 102.4 kHz or 204.8 kHz; these frequencies are generated
internally. Running the SDM at 204.8 kHz results in a larger oversampling ratio, which improves the resolution of
the signal recovered by the digital filters behind the SDM. However, running the SDM at a higher clock frequency
will increase its power consumption, resulting in a tradeoff between resolution and power consumption.

The 102.4-kHz or 204.8-kHz clock frequency can be selected for each channel individually by programming the
FS_HIGH_CHx bits in the AFE_RES register.

The SDM also features dithering to reduce tones in the system, a known by-product of Sigma-Delta converters.
The dithering circuit is active by default and is automatically turned OFF when the input signal is larger than 40
mV.
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Feature Description (continued)
8.3.6.1 Sigma-Delta Modulator Fault Detection
The state of the integrators in the Sigma-Delta Modulator (SDM) are monitored to detect over-range signals that
cause the SDM to become unstable. When an over-range event is detected in the SDM, the state of its
integrators is reset, and the over-range error is reported to the SDM_OR_CHx bits of the ERROR_RANGE1,
ERROR_RANGE2, and ERROR_RANGE3 registers.

8.3.7 Programmable Digital Filters
A programmable digital filter behind the Sigma-Delta Modulator (SDM) reconstructs the signal from the SDM
output bit stream. The filter consist of three programmable SINC filters as shown in Figure 18. Each stage is a
fifth order SINC filter.

Figure 18. Sinc Filters

The decimation rates (R1, R2, and R3) of the SINC filters are programmable as described in Table 2. Each of
the three stages further filters and decimates the bit stream so that the output data rate (ODR) and bandwidth
(BW) of the signal is reduced, and at the same time, the resolution is enhanced. A 16-bit digital signal with
relatively high ODR and BW, but with somewhat limited resolution, is available after the second stage; this signal
can be used for PACE pulse detection. That signal is further decimated by the third stage and results in a very
high-resolution filtered 24-bit digital signal that is an accurate representation of the ECG signal.

Table 2. Programmable Digital Filter Coefficients
Stage 1 (R1) Stage 2 (R2) Stage 3 (R3)

4 (Standard PACE Data Rate), 2 (Double PACE Data Rate) 4, 5, 6, 8 4, 6, 8, 12, 16, 32, 64, 128

The first stage sets the Standard PACE Data Rate (where the decimation rate R1 = 4) or the Double PACE Data
Rate (where R1 = 2). Operating the device in the Double PACE Data Rate will double the ODR for the first stage
(and therefore also for the subsequent stages). However, the BW of the first stage does not change in this mode;
only the ODR is affected. By operating the device in the Double PACE Data Rate, the ODR of the PACE data is
doubled, and thus, more accurate PACE pulse detection is possible. However, operating the device in the
Double PACE Data Rate will increase its power consumption. The R1 decimation rate can be programmed for
each of the three channels separately by using the R1_RATE register.

Programming the second stage (R2) to a low decimation rate sets a relatively high ODR and BW, but doing so
will also increase the noise level. For digital PACE pulse detection, smaller values for R2 are recommended. The
R2 decimation rate can be programmed using the R2_RATE register.

As the third stage decimation (R3) increases, the ODR and BW of the ECG decreases. When detecting an ECG
signal, higher values of R3 are recommended. The R3 decimation rate for each channel can be individually
programmed using the R3_RATE_CH1, R3_RATE_CH2, and R3_RATE_CH3 registers.

Table 8, Table 9, Table 10, and Table 11 illustrate how these decimation rates R1, R2, and R3 affect the ODR,
BW, and RMS Noise of the PACE and ECG signals. In addition, the ODR and BW also depend on whether the
SDM is running at a low (102.4kHz) or high (204.8 kHz) clock frequency (set by the FS_HIGH_CHx bits in the
AFE_RES register). The RMS Noise of the PACE and ECG channels also depend on whether the
instrumentation amplifier is running in low-power or high-resolution mode (set by the EN_HIRES bits in the
AFE_RES register).
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In summary, the output data rate of an ECG channel can be calculated as follows:

(5)

And the output data rate of a PACE channel can be calculated as follows:

(6)

Where fS is the clock frequency of the modulator: 102.4 kHz, or 204.8 kHz.

8.3.8 Filter Settling Time
The low-pass filter frequency responses of the ECG and PACE SINC filters result in a settling time associated
with their outputs as a response to a step input signal. This settling time is determined by the order of the filter,
N, its differential delay, M, and the channel output data rate, ODR:

ts = N × M / ODR (7)

The ODR of the filter is a function of the sigma-delta's sampling frequency, fS, and the filter decimation rates. The
value of the ODR can be calculated using Equation 5 and Equation 6. For an ECG channel, the value of NxM =
5. For a pace channel NxM = 5 when operated in the Standard Pace Data Rate (R1 = 4), and NxM = 10 when
operated in the Double Pace Data Rate (R1 = 2).

As a result, an unclamped pace signal applied to the filter input results in an ECG channel minimum settling time
of:

tS-ECG = 5 × R1 × R2 × R3 / fS (8)

A Standard Pace Data Rate operated pace channel will go through a minimum settling time of:
tS-PACE = 5 × R1 × R2 /fS (9)

And a Double Pace Data Rate operated pace channel will go through a minimum settling time of:
tS-PACE = 10 × R1 × R2 / fS (10)

8.3.9 Analog Pace Channel
The ADS1293 features an additional analog pace channel to process pulses from a pacemaker. The analog pace
channel is suitable for low-power applications where the device can be configured for low data rates in ECG
mode only, while an analog channel detects PACE pulses. This channel consists of a traditional three opamp
instrumentation amplifier and is designed to amplify an ECG signal in a typical bandwidth, as specified in the
Electrical Characteristics table, allowing for external circuitry to detect the PACE pulses. The analog pace
implementation inside the ADS1293 is depicted in Figure 19. The analog pace channel is not limited to PACE
detection; it is a full-analog channel that could be used to pre-amplify signals, for instance, from a respiration
sensor.

The output voltage of the analog pace channel is:
Vpaceout = 3.5 × (Vinp – Vinm) + RLDREF (11)

Where Vinp and Vinm are the positive and negative inputs of the analog pace channel. The input pins of this
channel can be selected in the FLEX_PACE_CN register and can connect to any of the IN1 through IN6 pins.
Note there is no battery monitoring option available through this channel. There is, however, the reference
voltage test mode available as described in Test Mode.
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Figure 19. Analog Pace Channel Instrumentation Amplifier

The output of the analog pace channel can be multiplexed to the WCT or RLDIN pin using the AFE_PACE_CN
register. When PACE2RLDIN = 1, the output is routed to the RLDIN terminal, while internally the positive input of
the Right-Leg Drive amplifier is connected to the RLDREF pin. When PACE2WCT = 1, the output is routed to the
WCT terminal, and the WCT terminal is disconnected from the Wilson output. In this case, the Wilson output can
still be connected internally to the IN6 pin using the WILSON_CN register. The analog pace channel is disabled
when SHDN_PACE = 1 to save power when it is not used.

The analog pace channel is designed to drive a high pass filter and can directly drive a capacitive load of 100 pF.

For analog pace detection, TI recommends having a band pass filter at the output of the analog pace channel,
amplify the resulting signal with a relatively high bandwidth amplifier, and compare the amplified pulses with a
relatively high speed window comparator. The bandwidth of the band pass filter, gain of the amplification, and the
thresholds of the window comparator should be tuned so the comparators trigger on pacemaker pulses, but not
to other signals present in the ECG environment.

8.3.10 Wilson Reference
The ADS1293 features a Wilson reference block consisting of three buffer amplifiers and resistors that can
generate the voltages for the Wilson Central Terminal or Goldberger terminals. Each of the three buffer amplifiers
can be connected to any input pin, IN1 through IN6, by programming the WILSON_EN1, WILSON_EN2, and
WILSON_EN3 registers. A buffer that is not connected to an input pin is automatically disabled. When disabled,
the buffers have a high-output impedance.
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Figure 20. Wilson Reference Generator Circuit

The output of the Wilson Reference can be routed internally to IN6, and the outputs of the Goldberger reference
can be routed internally to IN4, IN5 and IN6. This is configured in the WILSON_CN register. If routed externally,
TI strongly recommends shielding these connections, which due to their high-output impedance, are prone to
pick up external interference.

8.3.10.1 Wilson Central Terminal
There are three main ECG leads that are measured differentially:
• Lead I: I = LA - RA
• Lead II: II = LL - RA
• Lead III: III = LL - LA

Where LA is the left-arm electrode, LL is the left-leg electrode, and RA is the right-arm electrode.

In a standard 5-lead or 12-lead ECG, the Wilson Central Terminal is used as the reference voltage for the chest
electrodes, which are measured differentially against this reference. The Wilson Central Terminal is defined as
the average of the three limb electrodes, RA, LA, and LL:

Wilson Central Terminal = (RA + LA + LL)/3

The output of Wilson Central Terminal generated by the ADS1293, as seen in Figure 20, is defined as:

WCTOUT = (BUF1 + BUF2 + BUF3)/3

The user could program the WILSON_EN1 register to connect the RA electrode to BUF1, program the
WILSON_EN2 register to connect the LA electrode to BUF2, and program the WILSON_EN3 register to connect
the LL electrode to BUF3.
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When the Wilson reference is enabled, its output is present at the WCT pin, except when the analog pace
channel is routed to the WCT pin (see Analog Pace Channel). In such a configuration, the Wilson terminal can
still be made available at an external pin by programming the WILSONINT bit to 1. Setting this bit connects the
output of the Wilson reference internally to the IN6 pin.

8.3.10.2 Goldberger Terminals
Augmented leads in 3-lead, 5-lead or 12-lead ECG are typically calculated digitally based on the measurement
results of Lead I and Lead II. The augmented leads are defined as:
• aVR = -(I + II)/2 = RA - (LA + LL)/2 = RA - G1
• aVL = I - II/2 = LA - (RA + LL)/2 = LA - G2
• aVF = II - I/2 = LL - (RA + LA)/2 = LL - G3

Augmented leads can also be measured directly with the Goldberger terminals to give the best SNR. The
Goldberger terminals generated by the ADS1293, as seen in Figure 20, are defined as:
• G1 = (BUF2 + BUF3)/2
• G2 = (BUF1 + BUF3)/2
• G3 = (BUF1 + BUF2)/2

In this case, the user must program the WILSON_EN1 register to connect the RA electrode to BUF1, program
the WILSON_EN2 register to connect the LA electrode to BUF2, and program the WILSON_EN3 register to
connect the LL electrode to BUF3.

The Goldberger output terminals, G1, G2 and G3 can be made available on external pins programming the
GOLDINT bit to 1. Setting this bit connects the Goldberger terminals internally to the IN4, IN5 and IN6 pins.
• IN4 = G1
• IN5 = G2
• IN6 = G3

Note that multiple ADS1293 chips are required if both the augmented leads and the three basic leads need to be
converted directly.

The WILSONINT and GOLDINT bits must not be programmed to 1 simultaneously because it will short-circuit the
Wilson output terminal and the third Goldberger output terminal. The options described in these sections are
summarized in Table 3.

Table 3. Wilson and Goldberger Reference Control
TERMINAL OUTPUTS

GOLDINT WILSONINT PACE2WCT
WCT PIN IN4 PIN IN5 PIN IN6 PIN

0 0 0 WCTOUT General input General input General input
0 1 0 WCTOUT General input General input WCTOUT

1 0 0 WCTOUT (BUF2 + BUF3)/2 (BUF1 + BUF3)/2 (BUF1 + BUF2)/2
1 1 X Illegal Illegal Illegal Illegal
0 0 1 Vpaceout General input General input General input
0 1 1 Vpaceout General input General input WCTOUT

1 0 1 Vpaceout (BUF2 + BUF3)/2 (BUF1 + BUF3)/2 (BUF1 + BUF2)/2
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8.3.11 Common-Mode (CM) Detector
The Common-Mode Detector averages the voltage of up to six input pins. Its output can be used in a right-leg
drive feedback circuit. The selection of the input pins that contribute to the average is configured in the
CMDET_EN register. The Common-Mode Detector is automatically disabled when no input pin is selected.

Figure 21. Common-Mode Detector Circuit
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8.3.11.1 Cable Shield Driving
The Common-Mode Detector also has a programmable capacitive load driving capability of up to 8 nF that allows
it to drive a cable shield to reduce the common-mode signal current through a cable. This effectively increases
the bandwidth of the filter formed by the electrode impedance and the cable capacitance, reducing the amount of
common-mode to differential mode crosstalk. As a result, the CMRR of the overall ECG system is improved.

The bandwidth and capacitive load driving capability of the Common-Mode Detector can be configured in the
CMDET_CN register to achieve an optimal tradeoff with power consumption. Table 4 lists the power
consumption corresponding to different configuration scenarios given that all inputs are enabled by setting the
CMDET_EN register = 0x3F.

The lowest current consumption setting can be used when the Common-Mode Detector is only used to drive the
Right-Leg Driver, and no cable shield is driven. If a cable shield needs to be driven, the power can be increased
to drive the cable capacitance depending on the number and type of the driven cable shields. Note that the
capacitive driving capability is reduced in the higher bandwidth mode.

Table 4. Typical Common-Mode Detector Bandwidth, Capacitive Drive and
Power Consumption

CMDETBW CLOAD ISUPPLYCMDET_BW CMDET_CAPDRIVE (kHz) (nF) (µA)
0: Low BW mode 00: Low Cap Drive 50 2 39
0: Low BW mode 01: Medium Low Cap Drive 50 3.3 45
0: Low BW mode 10: Medium High Cap Drive 50 4.5 56
0: Low BW mode 11: High Cap Drive 50 8 75
1: High BW mode 00: Low Cap Drive 150 0.4 43
1: High BW mode 01: Medium Low Cap Drive 150 0.65 49
1: High BW mode 10: Medium High Cap Drive 150 1 60
1: High BW mode 11: High Cap Drive 150 1.6 79

8.3.11.2 Common-Mode Output Range (CMOR)
The Common-Mode Detector incorporates an out-of-range alarm to sense if the common-mode voltage is outside
of the common-mode voltage range of the ADS1293. A Common-Mode Out-of-Range Alarm is created in the
CMOR bit of the ERROR_STATUS register when the common-mode drops below 0.75 V or exceeds VDD-0.75
V. System alarms are filtered by the digital circuitry (see Error Filtering), and for this reason, the master clock
must be active in order to capture an alarm.

8.3.12 Right-Leg Drive (RLD)
The RLD is a programmable operational amplifier that is intended to control the common-mode level of the
patient connected through electrodes to the ADS1293 and thereby improving the AC CMRR of the overall ECG
system. In a typical ADS1293 application, the common-mode level of the patient's body is measured by the
Common-Mode Detector described in the previous section. The CMOUT is compared by the RLD to the
reference voltage present on the RLDREF pin. When used in an inverting amplifier topology, the right-leg
electrode is driven by the RLD to counter any differences between the reference voltage and the detected
common-mode level. This reduces the amount of power-line common-mode interference.

The negative input terminal of the RLD op-amp is always connected to the RLDINV pin. By default, the positive
input terminal of the RLD op-amp is routed to the RLDIN pin. However, when bit PACE2RLDIN = 1 in the
AFE_PACE_CN register, the positive input terminal is routed to the internally to the RLD reference. This will
allow connecting the output of the analog pace instrumentation amplifier to the RLDIN pin. The output of the RLD
operational amplifier is always connected to the RLDOUT pin, and in addition, can be connected to one of the
IN1-IN6 terminals by programming the SELRLD bit in the RLD_CN register. The RLD circuit can be shut down in
the same register by setting bit SHDN_RLD = 1.
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Figure 22. Right-Leg Drive Circuit

8.3.13 Capacitive Load Driving
The bandwidth and capacitive load driving capability of the RLD can be configured in the RLD_CN register to
achieve an optimal tradeoff of power consumption. Table 5 lists the power consumption corresponding to
different configuration scenarios.

Table 5. Typical Right-Leg Drive Bandwidth, Capacitive Drive, and Power Consumption
GBW CLOAD RLD ISUPPLYRLD_BW RLD_CAPDRIVE (kHz) (nF) (µA)

0: Low BW mode 00: Low Cap Drive 50 2 20
0: Low BW mode 01: Medium Low Cap Drive 50 3.3 25
0: Low BW mode 10: Medium High Cap Drive 50 4.5 36
0: Low BW mode 11: High Cap Drive 50 8 55
1: High BW mode 00: Low Cap Drive 200 0.4 23
1: High BW mode 01: Medium Low Cap Drive 200 0.65 29
1: High BW mode 10: Medium High Cap Drive 200 1 39
1: High BW mode 11: High Cap Drive 200 1.6 60

8.3.14 Error Status: RLD Rail
The RLD amplifier incorporates a near to rail alarm function that is triggered when the output of the op-amp is
below 0.2 V or above VDD-0.2 V. The alarm is reported to the RLDRAIL bit in the ERROR_STATUS register and
indicates that the RLD's feedback loop has difficulty maintaining a constant voltage on the patient’s body. In this
case, the common-mode on the patient’s body may drift away from its target value, but it may still be within the
proper input common-mode voltage range of the ADS1293, and the ECG signal data acquisition can continue.
When the common-mode on the patient’s body is outside the operation range of the ADS1293, the CMOR error
will be raised, as described in the previous section. System alarms are filtered by the digital circuitry (see Error
Filtering), and for this reason, the master clock must be active in order to capture an alarm.

8.3.15 Lead-Off Detection (LOD)
The lead-off detect (LOD) block of the ADS1293 can be used to monitor the connectivity of the 6 input pins to
electrodes. The LOD block injects a programmable DC or AC excitation current into selected input pins and
detects the voltages that appear on the input pins in response to that current. If a lead is not making a proper
contact, then the electrode impedance will be high, and as a result, the voltage in response to a small test
current will be relatively large, while the voltage for a well-connected lead will be small.
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The LOD block can work in one of the three following modes: 1) DC lead-off detect, 2) analog AC lead-off detect
or 3) digital AC lead-off detect. All three LOD modes use a common DAC that provides a programmable
reference current. This reference current is used to set the magnitude of the test current for lead-off detection.
The amplitude of the excitation current used for lead-off detection can be programmed in the LOD_CURRENT
register, where codes 0 to 255 result in currents ranging from 0 to 2.040 µA in steps of 8 nA.

The complete LOD block can be shut down by programming the SHDN_LOD bit to 1 in the LOD_CN register.

8.3.16 DC Lead-Off Detect
The LOD block can be configured for DC LOD mode by programming a 0 in the SELAC_LOD bit of the LOD_CN
register. In the DC LOD mode, a DC test current can be injected into any of the six input pins by setting the
corresponding bit EN_LOD[x] of the LOD_EN register. Programming a bit to 1 in this register enables a switch
that allows a copy of the current programmed into the DAC to be injected into the desired input pins, as shown in
the simplified block diagram of Figure 23.

Figure 23. Simplified DC Lead-Off Detect Block Diagram

For the selected input pins, a Schmitt-trigger comparator then compares the voltage that appears on the pin to
(VDD-0.5 V). The result of this comparison can be accessed through the corresponding OUT_LOD[x] bit of the
ERROR_LOD register. If a lead is off, then the injected current has no return path-to-ground, and as a result, the
voltage on the associated input pin will rise towards VDD. This is detected by the comparator and is used as a
signal to indicates the lead is not properly connected.

It is important to note that the lead-off detection circuit requires a low impedance return path from the right-leg
electrode-to-ground, such as a voltage reference or the RLD amplifier output. Without a proper low impedance
return path for the LOD currents, all enabled LOD pins will report a lead disconnected.

8.3.17 Analog AC Lead-Off Detect
DC lead-off detection cannot be used when using capacitively coupled electrodes, such as dry electrodes,
because they have a high-DC impedance that will block DC test currents. In this case, the analog AC LOD block
can be used. Contrary to the DC LOD, the AC LOD injects AC excitation currents with programmable amplitudes
and frequencies into the desired lead.

To operate the LOD in analog AC LOD mode, the SELAC_LOD and the ACAD_LOD bits of the LOD_CN register
must be set to 1.

A simplified block diagram of the analog AC LOD block is shown in Figure 25. The AC excitation frequency can
be programmed by a 7-bit number, ACDIV_LOD, and a division factor, ACDIV_FACTOR, in the LOD_AC_CN
register. The register sets the output frequency of the divider to a rate of:

Φ = 50/(4 × K × (ACDIV_LOD + 1)) kHz (12)

Where K is 1 if the ACDIV_FACTOR bit equals 0, and K is 16 if the ACDIV_FACTOR bit equals 1. For instance,
ACDIV_LOD = 0 and ACDIV_FACTOR = 0 result in an excitation frequency of 12.5 kHz, which is the maximum
excitation frequency.
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Complimentary driven switches, enabled by the EN_LOD[x] bits of the LOD_EN register, sink and source the AC
excitation currents into the desired input pins. The resulting AC current has a frequency Φ and a peak-to-peak
amplitude equal to the current programmed into the DAC. An AC coupled synchronous detector detects the
amplitude of the AC voltage appearing on the lead. The detected amplitude is compared to a reference voltage
by means of a Schmitt-trigger comparator. The comparator’s reference voltage level, as shown in Figure 24, is
determined by a 2-bit reference DAC configured in the ACLVL_LOD bits of the LOD_CN register.

Figure 24. Analog AC Lead-Off Reference Levels

The comparator outputs can be accessed at the OUT_LOD[x] bit of the ERROR_LOD register. A high
comparator output signal indicates that the AC voltage at the excitation frequency is larger than the programmed
threshold, which indicates that the lead is not well connected.

The lead-off detection circuit requires a low-impedance return path from the right-leg electrode-to-ground, such
as a voltage reference or the RLD amplifier output. Without a proper low-impedance return path for the LOD
currents, all enabled LOD pins will report a lead disconnected.

Figure 25. Simplified Analog AC Lead-Off Detect Block Diagram

8.3.18 Digital AC Lead-Off Detect
The digital AC lead-off detect (LOD) allows for measurement of the impedance of the two electrodes connected
to an AFE channel by measuring a signal through the AFE. In this mode, the lead-off detect current is injected in
a balanced manner at the inputs of the AFE behind the flex routing switch. The AC test current is injected into
the positive input of the AFE behind the flex routing switch; while at the same time, a similar test current with
opposite sign is injected into the negative input of the AFE. Since the AFE has a very high input impedance, the
current injected into the positive input pin cannot flow into the AFE. Instead, it will flow through the flex routing
switch, via the positive input electrode into the patient, and then back through the negative input electrode and
via another path in the flex routing switch towards the negative input of the AFE, where it is cancelled by the
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current injected at that point. As a result of this test current, an additional AC voltage input will occur at the input
of the AFE with a frequency equal to the frequency of the AC LOD test signal frequency. The magnitude of this
voltage equals the magnitude of the AC LOD test current (programmed into the CUR_LOD bit in the
LOD_CURRENT register) multiplied by the impedances of the two electrodes routed to the AFE input in series.
This AC voltage will be digitized by the AFE, and the result is available in the digital AFE output signals. The lead
connectivity can be determined in the digital domain by applying an FFT to the digital data and by measuring the
amplitude of the tone at the AC LOD excitation frequency. It should be noted that the digital AC LOD can only
determine the series connectivity of the two leads attached to the inputs of a differential channel, and hence the
connectivity of the individual input pins can only be determined by the DC or the analog AC LOD.

Figure 26. Simplified Digital Analog AC Lead-Off Detect Block Diagram

Figure 26 shows a simplified block diagram of the digital AC LOD. Follow the procedures below to activate the
Digital AC LOD:
1. Select the Digital AC lead-off mode by setting bit SELAC_LOD = 1 and ACAD_LOD = 0 in the LOD_CN

register.
2. Program the excitation frequency Φ by using the ACDIV_LOD and ACDIV_FACTOR bits in the LOD_AC_CN

register. See the equation in Analog AC Lead-Off Detect.
3. Enable which channel the digital AC LOD will be applied to by selecting the EN_LOD[2:0] bits in the

LOD_EN register. These bits correspond to the AFE channels CH3 to CH1 from MSB to LSB, respectively.
4. Determine the phase of the injected current to the AFE channels by programming the EN_LOD[5:3] bits in

the LOD_EN register.

The EN_LOD[5:3] bits determine the phase of the injected current to the AFE channels CH3 to CH1 from MSB to
LSB, respectively. A bit set to 1 means that the corresponding channel will receive an anti-phase excitation
current in respect to the frequency divider's phase. In some applications, it may be necessary to invert the sign of
the digital AC lead-off test current on a channel. Consider an example where the first AFE is configured through
the flexible routing switch to measure the voltage between IN1 and IN2, and the second AFE is configured
through the flexible routing switch to measure the voltage between IN2 and IN3.

In this configuration, if digital AC LOD test currents are applied to the inputs of both AFEs, the test current that is
applied to the negative input of the first AFE and the test current that is applied to the positive input of the
second AFE are both flowing through IN2. Depending on the sign of the test current in the second AFE, these
currents can add up or cancel each other. If the currents add up, the system will correctly measure the
differential input impedance on both AFE channels. If the currents on IN2 cancel, the test current will only flow
through IN1 and IN3, and the impedance of the electrode connected to IN2 cannot be measured. To apply the
digital AC LOD to CH3 and CH2, set EN_LOD[2] = 1 and EN_LOD[1] = 1. Then, by programming EN_LOD[5] = 0
and EN_LOD[4] = 1, CH3 and CH2 will receive excitation currents in-phase and anti-phase, respectively.
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8.3.19 Clock Oscillator
The ADS1293 is designed to operate from a 409.6-kHz clock. This clock can be generated by an on-chip crystal
oscillator or provided externally on the bi-directional CLK. The high-accuracy low-power on-chip crystal oscillator
will work with an external 4.096 MHz crystal connected between the XTAL1 and XTAL2 pins, each of which must
be loaded with a 20-pF capacitor to get an accurate oscillation frequency. The output frequency of the on-chip
crystal oscillator is divided by 10 to generate the required 409.6-kHz clock frequency as shown in Figure 27.

Figure 27. Block Diagram of the Clock

Even though the required oscillation frequency of the external crystal is rated at 4.096 MHz, both the oscillator
and the chip can tolerate a wider crystal oscillation frequency (3.7 MHz to 4.5 MHz). Note though that the output
data rate and bandwidth of the SINC filters given in Table 8 through Table 11 will scale according to the crystal
oscillation frequency.

When the internal clock is used, the generated clock can be brought off chip through the CLK pin. Its output
driver is enabled by configuring bit EN_CLKOUT = 1 in the OSC_CN register, allowing a multichip system to
operate synchronously from a single crystal oscillator. Setting bit STRTCLK = 1 allows the internal 409.6-kHz
clock to propagate to the digital circuitry and to the output driver of the CLK pin.

The internal crystal oscillator can be shut down to save power or when the clock of the device is provided
externally. Configuring bit SHDN_OSC = 1 powers down the internal crystal oscillator and enables the input
driver of the CLK pin. The external clock should have a frequency of 409.6kHz with a duty cycle of 50% to get
the SINC filter bandwidth given in Table 8 through Table 11. The chip can tolerate a wider frequency range and
clock duty cycle on this pin (see the External Clock Frequency and the External Clock Duty Cycle parameters in
the Clock section of the Electrical Characteristics table) in exchange of scaling up or down the bandwidth of the
SINC filters. Setting bit STRTCLK = 1 allows the external 409.6 kHz clock to propagate to the digital circuitry.

The STRTCLK bit is designed to ensure all critical blocks of the chip get a clean clock start. The clock source
should first be configured and allowed to start up using the SHDN_OSC and EN_CLKOUT bits, and
subsequently, the STRTCLK bit can be set high.

The oscillator control register bits are summarized in Table 6. In a multichip system, the CLK pins of the master
and slaves should be connected together. The master should be configured to generate a clock on the CLK pin
while the slaves should use the CLK pin as a clock input source.
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Table 6. Clock Oscillator Configuration Bits
STRTCLK SHDN_OSC EN_CLKOUT CLOCK PROPAGATION

0 X X No clock
1 0 0 Internal clock to digital circuitry
1 0 1 Internal clock to digital circuitry and CLK pin
1 1 X External clock to digital circuitry

8.3.20 Synchronization
There are three filter timing generators implemented to support independent filter settings. Under normal
conditions, the filters always start synchronized when the START_CON bit in the CONFIG register is set to 1,
and will remain synchronized. Synchronization can also be continually enforced for the eventuality of a channel
losing synchronization, and it can be used in single-chip and multiple-chip systems.

8.3.21 Single-Chip Multi-Channel Synchronization
The filter channels are synchronized when DRDYB assertion is at a fixed frequency and new data from each
source is available at some integer multiple of DRDYB. This synchronization mode requires that the fastest
output data source is selected to drive DRDYB in the DRDYB_SRC register.

The filter channels will start synchronized if the output data rates in all channels are the same or integer multiples
of each other. Synchronization between channels will be continuously enforced as long as the slowest output
source is selected as the synchronization source in the SYNCB_CN register. The SYNCB pin output driver can
be disabled in a single-chip system, regardless of the synchronization source selected, and synchronization will
continue to be enforced between channels. The SYNCB output driver is disabled programming bit
DIS_SYNCBOUT=1 in the SYNCB_CN register.

8.3.22 Multichip Synchronization
Synchronization in a multiple ADS1293 system is achieved when all the devices share a common clock and
synchronization source. The common clock source, fOSC, can be driven from the CLK pin of an ADS1293 when
its CLK pin output driver is enabled in the OSC_CN register. The common synchronization source can be driven
from the SYNCB pin of the device with the slowest data rate in the system. An ADS1293 is configured as a
synchronization source by enabling its SYNCB output driver and selecting the slowest data rate channel to drive
the line in the SYNCB_CN register. The SYNCB_CN register of the other devices should be programmed to 0x40
to configure their SYNCB pins as inputs. When configured as an output, SYNCB is driven on the falling edge of
fOSC and when configured as an input, SYNCB is sampled on the rising edge of fOSC.

8.3.23 Synchronization Errors
Detected synchronization events are reported to the ERROR_SYNC register. A phase error is generated when
the phase of divided clocks of the timing generator has been adjusted to comply with the SYNCB input signal. A
timing error is generated when the timing of the indicated channel has been updated to comply with the timing of
the synchronization source, internal or external. By default, a synchronization error will propagate to the
ALARMB output pin. Reporting of a synchronization error can be disabled in the MASK_ERR register.

8.3.24 Alarm Functions
The ADS1293 has multiple warning flags to diagnose possible fault conditions in the ECG-monitoring application.
The warning flags can be read in the Error Status Registers. The system errors are filtered by the digital circuitry
(see Error Filtering), and for this reason, the master clock must be active for the alarms to be reflected in the
error registers.
1. ERROR_LOD: Indicates which input has a lead-off error. The lead-off detection was described in Lead-Off

Detection (LOD) .
2. ERROR_STATUS: Contains the following error flags:

– SYNCEDGEERR: This flag is raised when a synchronization error occurs, as described in
Synchronization Errors.

– CH3ERR: This flag is raised when one of the 5 LSBs or bit 6 of the ERROR_RANGE3 register is a logic
1. It indicates an out-of-range condition at the AFE in channel 3. These error conditions are described in
Instrumental Amplifier Fault Detection and in Sigma-Delta Modulator Fault Detection.
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– CH2ERR: See above, but for channel 2.
– CH1ERR: See above, but for channel 1.
– LEADOFF: This error flag is raised when one of the OUT_LOD bits in the ERROR_LOD register is a

logic 1.
– BATLOW: This error flag is raised when the supply voltage of the ADS1293 drops below 2.7 V. This can

be used as a warning sign to the microcontroller that the state of charge of a supply battery is almost
below levels of operation. The ADS1293 is designed to function within specification for supplies larger
than 2.7 V but communication the digital communication interface will work down to 2.4 V so that this
alarm condition can still be communicated to the microcontroller. A low battery error propagates to the
ALARMB pin unless the MASK_BATLOW bit in the MASK_ERR register is set to 1. System alarms are
filtered by the digital circuitry (see Error Filtering), and for this reason, the master clock must be active in
order to capture an alarm. There is also a battery voltage monitoring feature that can be used to monitor
the state of charge of the battery during normal operation described in Battery Monitoring.

– RLDRAIL: This error flag is raised when the output voltage of the right-leg drive amplifier is approaching
the supply rails. The flag goes high when the output voltage of the common-mode detector is 200 mV
away from either supply rail. This condition would occur if the common-mode on the patient’s body is far
away from the target value and as a result the right-leg drive amplifier needs to deliver a lot of charge to
the patient’s body to restore the common-mode voltage. In this scenario, the common-mode may still be
inside the range of the instrumentation amplifier and the ECG signal may still be accurately acquired.

– CMOR: The CMOR error flag is raised when the output voltage of the common-mode detector is 750 mV
away from either supply rail. In this case, the common-mode voltage detected on the patient’s body is
outside of the input CMVR where the instrumentation amplifier can process the full differential input signal
(see Instrumentation Amplifier (INA)). When this flag is raised, the ECG signal accuracy may be lost.

3. ERROR_RANGE1, ERROR_RANGE2, ERROR_RANGE3: These registers contain the out-of-range error
signals of the AFEs in the three channels. The flags in these registers are described in Instrumentation
Amplifier Fault Detection and in Sigma-Delta Modulator Fault Detection.

4. ERROR_SYNC: This register contains flags that indicate certain synchronization errors have been detected.
These errors have been described in Synchronization Errors.

5. ERROR_MISC: This register contains status flags for common-mode out-of-range, right-leg drive near rail
and low battery errors.

8.3.25 Error Filtering
The alarms that are generated by the analog circuitry inside the ADS1293 are filtered by digital logic. Alarms will
only be accepted if they are active for a number of consecutive digital clock cycles, which toggle on the falling
edge of the 409.6-kHz oscillator clock. The number of digital clock cycles that an alarm will have to be active
before it is accepted is programmable between 1 and 16 counts using the ALARM_FILTER register. This register
contains two separate filter parameters. The 4 LSBs in this register program the filtering of the lead-off detect
error bits. The 4 MSBs program the filtering of the instrumentation amplifier signal out-of-range errors, the sigma-
delta input over range errors, and the CMOR, RLDRAIL and BATLOW errors.

8.3.26 ALARMB Pin and Error Masking
The ADS1293 has an ALARMB output pin. This open-drain output will go low when a new alarm condition occurs
in the ERROR_STATUS register. The ALARMB pin can be used as an interrupt signal to a microcontroller to
warn about error conditions that can potentially corrupt the data that is being collected so that the microcontroller
can take appropriate preventive action. The functionality of the ALARMB pin is flexible and programmable using
the MASK_ERR register. This register allows masking some of the errors in the ERROR_STATUS register so
that certain alarm events will not trigger a high to low transition on the ALARMB pin.

8.3.27 Error Register Automatic Clearing Description
All error bits in the registers 0x18 through 0x1E are latched in a high state when an error occurs and will only
return to zero after being read. The error bits will remember an error until the user reads the error. The sign bits
in the CH1ERR, CH2ERR and CHR3ERR registers are latched on low to high transition of the DIF_HIGH
transitions in the corresponding registers. In this way, when the differential signal goes out-of-range, the sign of
the signal can also be detected when the alarm register is read. Upon read, the error bits will be cleared. If the
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error condition has disappeared before the error is read, the error bits will remain low after being read. For all
error registers, except ERROR_STATUS, the error bits will return to their high state within a few internal clock
cycles if the error condition is still present after a register read. The bits in the ERROR_STATUS register only
respond to new errors. If an error persists after the ERROR_STATUS register is read, the error condition will not
be reflected in the error status register and the ALARMB pin will not pulse low again.

8.3.28 Alarm Propagation
Figure 28 shows how the alarms propagate through the digital circuitry inside the ADS1293. The errors
propagate from left to right. Synchronization errors are not filtered because they are generated synchronously
inside the digital circuitry, and if they occur, they are latched in the ERROR_SYNC register. Lead-off detect
errors are filtered by a counter programmed in the 4 LSBs of the ALARM_FILTER register and are latched in the
ERROR_LOD register. The instrumentation amplifier out-of-range, sigma-delta over range, right-leg drive
amplifier out-of-range, common-mode amplifier out-of-range and low battery signals are also filtered by a counter
programmed in the MSBs of the ALARM_FILTER register. The out-of-range signals for the 3 channels are
latched in the ERROR_RANGE1, ERROR_RANGE2 and ERROR_RANGE3 registers. The first 6 registers on
the right-hand side of the circuit latch errors until the error is being read. After being read, the error bit will be
reset, but it will return to a logic 1 if the internal alarm condition persists. After being filtered the alarms are all
routed to a digital logic block that detects whether a new alarm has occurred. If this happens, the appropriate bit
in the ERROR_STATUS register will be set and the ALARMB pin will be pulled down. The bits in the
ERROR_STATUS register will be reset and the ALARMB pin will released when the ERROR_STATUS register is
read.

Figure 28. Graphical Illustration of Alarm Propagation

8.3.29 Reference Voltage Generators
The common-mode and right-leg drive reference generates VDD/2.2 volts, which are present on the RLDREF
pin. This reference is used as an internal common-mode reference, as the reference for the analog pace
channel, and should be powered on at all times when a sigma-delta modulator is running. It can be powered
down by programming bit SHDN_CMREF=1 in the REF_CN register. The RLDREF pin should have a 0.1-µF
bypass capacitor-to-ground.
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The internal reference, VREF, generates 2.4 V, which are present on the CVREF pin. The CVREF pin must have
a 1 µF bypass capacitor-to-ground with low ESR and is not designed to be loaded with other circuitry. This
reference should also be powered on at all times when a sigma-delta modulator is running. It can be powered
down programming bit SHDN_REF=1 in the REF_CN register. It is possible to provide the reference voltage
externally on this pin when the internal reference generator is shut down.

All three voltage generators require a somewhat larger start up time compared to the other circuit blocks inside
the ADS1293, which is why they are treated differently in the global power-down or standby states, as will be
described in the next section.

8.3.30 Power Management
The ADS1293 has many features that allow the optimization of power consumption. The common-mode detector
and right-leg drive amplifier can be configured to achieve the optimum AC performance to power consumption
ratio in a given application environment. Almost all internal circuit blocks can be powered down to reduce power
consumption. Table 7 lists the typical power consumption budget for all of the circuit blocks that can be
individually powered down.

There are two master control bits, PWR_DOWN and STANDBY, in addition to the power-down control bits that
are used to power-down an individual circuit block, and they are located in the CONFIG register. In the power-
down mode, all circuits that can be powered down are powered down, irrespective of the state of their individual
shutdown bits. With the PWR_DOWN bit, the entire ADS1293 can be quickly placed in its minimal current
consumption state without needing to do many individual configuration register writes. The STANDBY bit
operates in a similar manner, but it does not affect the state of the three voltage generators and the crystal
oscillator inside the ADS1293, which require a somewhat longer time to start up. When placing the ADS1293 in
standby mode, the power consumption is somewhat higher than in the power-down state but the ADS1293 can
return to operation quicker. The difference between the current consumption in power-down and in standby
depends on the logic state of the shutdown bits of the two reference voltage generators and the crystal oscillator,
as described in Table 7.

Table 7 specifies the current consumption of the blocks that are always ON in the first row. The second group in
the table specifies the current consumption of the two reference voltage generators and the crystal oscillator that
are OFF in power-down mode but that remain active during standby mode. The last group of circuit blocks in the
table specifies the current consumption of the other circuit blocks. The ADS1293 will need about 100 ms to
return to operation after being powered down. The time to recover from standby is limited by the time latency of
the programmable logic filters in the AFE channels, as described in the Filter Settling Time section.

Table 7. Typical Current Consumption Per Block
GLOBAL POWER CURRENTBLOCK NAME CONDITIONS / NOTES µACONTROL

Always on Supporting circuitry 80
Reference voltage generator 17

Off in power-down Right-leg drive reference 9
Crystal oscillator 7

low-power, per channel 38
Instrumentation amplifier

high-resolution, per channel 121
Analog front end fault detect Per channel 2

102.4kHz, per channel 22
Sigma delta modulator

204.8kHz, per channel 41
Analog output channel 29

Off in standby
Lead-off detect Excluding excitation currents 25
Wilson reference per channel 7

low-speed, cap drive 1, 6 active leads 39
Common-mode detector

high-speed, cap drive 4, 6 active leads 79
low-speed, cap drive 1 20

Right-leg drive amplifier
high-speed, cap drive 4 60
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8.4 Device Functional Modes
A channel can be configured in different modes of operation that allow optimizing for performance and power
consumption as required for an application. Further more, the on-chip programmable digital filters provide a
range of bandwidth and output data rate configurations that result in different levels of performance.

8.4.1 Low Sampling Rate
The following tables summarize the output data rate, digital filter bandwidth and typical RMS noise of a channel
for every decimation ratio combination possible when the sigma-delta modulator is configured for a sampling rate
of 102.4 kHz. Table 8 shows the channel parameters when the standard pace data rate is selected, and Table 9
shows the channel parameters when the double pace data rate is selected. The sampling rate of the sigma-delta
modulator is selected in the AFE_RES register and the pace data rate is selected in the R1_RATE register.

Table 8. Channel Parameters With SDM Running at 102.4 kHz and at Standard Pace Data Rate (R1 = 4) (1)

PACE CHANNEL ECG CHANNEL
RMS NOISE

RMSR2 R3 ODR BW ODR BW LOWNOISEADCMAX ADCMAX HIGH RES[Hz] [Hz] [Hz] [Hz] POWER[mV] [µV][µV]
4 0x800000 1600 325 4.47 4.16
6 0xF30000 1067 215 3.42 3.05
8 0x800000 800 160 2.92 2.57
12 0xF30000 533 105 2.37 2.07

4 0x8000 6400 1300 1.612
16 0x800000 400 80 2.06 1.81
32 0x800000 200 40 1.50 1.29
64 0x800000 100 20 1.12 0.94
128 0x800000 50 10 0.85 0.70
4 0xC35000 1280 260 3.82 3.42
6 0xB964F0 853 175 3.02 2.67
8 0xC35000 640 130 2.60 2.29
12 0xB964F0 427 85 2.13 1.86

5 0xC350 5120 1040 0.572
16 0xC35000 320 65 1.86 1.62
32 0xC35000 160 32 1.36 1.16
64 0xC35000 80 16 1.02 0.85
128 0xC35000 40 8 0.79 0.64
4 0xF30000 1067 215 3.41 3.04
6 0xE6A900 711 145 2.74 2.42
8 0xF30000 533 110 2.38 2.07
12 0xE6A900 356 70 1.96 1.70

6 0xF300 4267 870 0.238
16 0xF30000 267 55 1.71 1.48
32 0xF30000 133 27 1.25 1.07
64 0xF30000 67 13 0.94 0.79
128 0xF30000 33 7 0.74 0.60
4 0x800000 800 160 2.91 2.58
6 0xF30000 533 110 2.37 2.08
8 0x800000 400 80 2.08 1.79
12 0xF30000 267 55 1.71 1.48

8 0x8000 3200 650 0.060
16 0x800000 200 40 1.50 1.29
32 0x800000 100 20 1.12 0.94
64 0x800000 50 10 0.85 0.70
128 0x800000 25 5 0.68 0.54

(1) 10000 consecutive readings were used to calculate the RMS noise values in this table.
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Table 9. Channel Parameters With SDM Running at 102.4 kHz and at Double Pace Data Rate (R1 = 2) (1)

PACE CHANNEL ECG CHANNEL
RMS NOISE

RMSR2 R3 ODR BW ODR BW LOWNOISEADCMAX ADCMAX HIGH RES[Hz] [Hz] [Hz] [Hz] POWER[mV] [µV][µV]
4 0x800000 3200 640 38.17 37.92
6 0xF30000 2133 430 7.04 6.72
8 0x800000 1600 320 4.35 3.93
12 0xF30000 1067 215 3.40 3.02

4 0x8000 12800 1280 1.479
16 0x800000 800 160 2.92 2.57
32 0x800000 400 80 2.08 1.79
64 0x800000 200 40 1.49 1.29
128 0x800000 100 20 1.11 0.93
4 0xC35000 2560 510 12.64 12.38
6 0xB964F0 1707 340 4.53 4.12
8 0xC35000 1280 255 3.74 3.35
12 0xB964F0 853 170 3.01 2.65

5 0xC350 10240 1030 0.540
16 0xC35000 640 130 2.59 2.28
32 0xC35000 320 65 1.86 1.62
64 0xC35000 160 32 1.36 1.16
128 0xC35000 80 16 1.02 0.85
4 0xF30000 2133 420 6.20 5.88
6 0xE6A900 1422 285 3.94 3.57
8 0xF30000 1067 210 3.38 3.02
12 0xE6A900 711 140 2.74 2.42

6 0xF300 8533 860 0.228
16 0xF30000 533 105 2.37 2.07
32 0xF30000 267 55 1.70 1.47
64 0xF30000 133 26 1.26 1.07
128 0xF30000 67 13 0.95 0.78
4 0x800000 1600 320 4.14 3.73
6 0xF30000 1067 215 3.35 2.96
8 0x800000 800 160 2.89 2.54
12 0xF30000 533 110 2.37 2.07

8 0x8000 6400 650 0.058
16 0x800000 400 80 2.06 1.79
32 0x800000 200 40 1.50 1.29
64 0x800000 100 20 1.11 0.94
128 0x800000 50 10 0.85 0.70

(1) 10000 consecutive readings were used to calculate the RMS noise values in this table.
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8.4.2 High Sampling Rate
The following tables summarize the output data rate, digital filter bandwidth and typical RMS noise of a channel
for every decimation ratio combination possible when the sigma-delta modulator is configured for a sampling rate
of 204.8 kHz. Table 10 shows the channel parameters when the standard pace data rate is selected, and
Table 11 shows the channel parameters when the double pace data rate is selected. The sampling rate of the
sigma-delta modulator is selected in the AFE_RES register and the pace data rate is selected in the R1_RATE
register.

Table 10. Channel Parameters With SDM Running at 204.8 kHz and at Standard Pace Data Rate (R1 =
4) (1)

PACE CHANNEL ECG CHANNEL
RMS NOISE

RMSR2 R3 ODR BW ODR BW LOWNOISEADCMAX ADCMAX HIGH RES[Hz] [Hz] [Hz] [Hz] POWER[mV] [µV][µV]
4 0x800000 3200 640 5.20 4.59
6 0xF30000 2133 430 3.92 3.38
8 0x800000 1600 325 3.32 2.86
12 0xF30000 1067 215 2.69 2.31

4 0x8000 12800 2600 1.738
16 0x800000 800 160 2.34 1.99
32 0x800000 400 80 1.68 1.43
64 0x800000 200 40 1.25 1.04
128 0x800000 100 20 0.95 0.78
4 0xC35000 2560 520 4.36 3.81
6 0xB964F0 1707 350 3.44 2.96
8 0xC35000 1280 260 2.95 2.54
12 0xB964F0 853 170 2.41 2.06

5 0xC350 10240 2080 0.613
16 0xC35000 640 130 2.10 1.79
32 0xC35000 320 65 1.53 1.29
64 0xC35000 160 32 1.14 0.95
128 0xC35000 80 15 0.88 0.72
4 0xF30000 2133 430 3.91 3.38
6 0xE6A900 1422 290 3.12 2.68
8 0xF30000 1067 215 2.68 2.30
12 0xE6A900 711 140 2.21 1.88

6 0xF300 8533 1740 0.256
16 0xF30000 533 110 1.93 1.64
32 0xF30000 267 55 1.41 1.18
64 0xF30000 133 27 1.06 0.88
128 0xF30000 67 13 0.83 0.68
4 0x800000 1600 325 3.32 2.86
6 0xF30000 1067 215 2.69 2.31
8 0x800000 800 160 2.34 2.00
12 0xF30000 533 105 1.93 1.64

8 0x8000 6400 1300 0.064
16 0x800000 400 80 1.69 1.44
32 0x800000 200 40 1.25 1.04
64 0x800000 100 20 0.96 0.78
128 0x800000 50 10 0.76 0.61

(1) 10000 consecutive readings were used to calculate the RMS noise values in this table.
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Table 11. Channel Parameters With SDM Running at 204.8 kHz and at Double Pace Data Rate (R1 = 2) (1)

PACE CHANNEL ECG CHANNEL
RMS NOISE

RMSR2 R3 ODR BW ODR BW LOWNOISEADCMAX ADCMAX HIGH RES[Hz] [Hz] [Hz] [Hz] POWER[mV] [µV][µV]
4 0x800000 6400 1280 41.27 40.81
6 0xF30000 4267 850 7.79 7.32
8 0x800000 3200 640 4.97 4.35
12 0xF30000 2133 430 3.88 3.36

4 0x8000 25600 2550 1.592
16 0x800000 1600 325 3.32 2.85
32 0x800000 800 160 2.34 1.98
64 0x800000 400 80 1.69 1.43
128 0x800000 200 40 1.25 1.04
4 0xC35000 5120 1020 13.57 13.38
6 0xB964F0 3413 680 5.18 4.56
8 0xC35000 2560 510 4.30 3.73
12 0xB964F0 1707 340 3.41 2.94

5 0xC350 20480 2050 0.580
16 0xC35000 1280 260 2.94 2.53
32 0xC35000 640 130 2.10 1.79
64 0xC35000 320 65 1.53 1.29
128 0xC35000 160 32 1.14 0.95
4 0xF30000 4267 850 6.99 6.43
6 0xE6A900 2844 570 4.53 3.94
8 0xF30000 2133 420 3.86 3.33
12 0xE6A900 1422 285 3.11 2.67

6 0xF300 17067 1720 0.245
16 0xF30000 1067 215 2.69 2.29
32 0xF30000 533 110 1.93 1.64
64 0xF30000 267 55 1.41 1.18
128 0xF30000 133 26 1.06 0.88
4 0x800000 3200 640 4.74 4.15
6 0xF30000 2133 425 3.82 3.28
8 0x800000 1600 320 3.29 2.83
12 0xF30000 1067 215 2.68 2.30

8 0x8000 12800 1300 0.062
16 0x800000 800 160 2.34 2.00
32 0x800000 400 80 1.69 1.42
64 0x800000 200 40 1.25 1.05
128 0x800000 100 20 0.95 0.79

(1) 10000 consecutive readings were used to calculate the RMS noise values in this table.

8.4.3 Ouput Code (ADCOUT)
The ADCOUT of the ADS1293 is due to a differential voltage applied between the positive and negative input
terminals of the instrumentation amplifier and can be calculated with Equation 13:

(13)

The reference voltage VREF, equals to 2.4 V if the on-chip voltage reference is used. ADCMAX represents the
maximum output code of the ADC, which corresponds to a theoretical 2.4-V signal at the input of the SDM. The
value of ADCMAX changes with the configuration of the digital filters, and the corresponding value can be found in
Table 8, Table 9, Table 10, and Table 11. Note that ADCOUT equals ADCMAX/2 for a 0V differential input.
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8.5 Programming

8.5.1 Serial Digital Interface
A serial peripheral interface (SPI) allows access to the control registers of the ADS1293. The serial interface is a
generic 4-wire synchronous interface compatible with SPI type interfaces used on many microcontrollers and
DSP controllers.

8.5.2 Digital Output Drive Strength
The strength of the transistors driving the serial data out pin (SDO) can be programmed to four levels in the
DIGO_STRENGTH register. The drive strength will affect the slope of the digital output signal edges, and the
optimal drive strength will depend on the capacitive loading on the SDO pin, where larger capacitive loads
require larger drive strength. The output drive strength configurability may help reduce interference from the SPI
communication into the AFE signal path. In this sense, it is advised to use the lowest drive strength that works
for a particular system.

8.5.3 SPI Protocol
A typical serial interface access cycle is exactly 16 bits long, which includes an 8-bit command field (R/WB + 7-
bit address) to provide for a maximum of 128 direct access addresses, and an 8-bit data field. Figure 29 shows
the access protocol used by this interface. Extended access cycles are possible and they are described in the
Auto-Incrementing Address and Streaming sections.

Figure 29. Serial Interface Protocol
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Programming (continued)
Each assertion of chip select bar (CSB) starts a new register access. The R/Wb bit in the command field
configures the direction of the access operation; a value of 0 indicates a write operation and a value of 1
indicates a read operation. All output data is driven on the falling edge of the serial clock (SCLK), and for the 16-
bit protocol, SDO read data is driven on the falling edge of clocks 8 through 15. All input data on the serial data
in (SDI) pin is sampled on the rising edge of SCLK and is written into the register on the rising edge of the 16th
clock. The user is required to deassert CSB after the 16th clock; if CSB is deasserted before the 16th clock, no
data write will occur.

8.5.4 Random Register Access Protocol
The 16-bit protocol is useful for random address access. CSB must be asserted during 16 clock cycles of SCLK.

8.5.5 Auto-Incrementing Address
An access cycle may be extended to multiple registers by simply keeping the CSB asserted beyond the stated
16 clocks of the standard 16-bit protocol. In this mode, CSB must be asserted during 8*(1+N) clock cycles of
SCLK, where N is the amount of bytes to write or read during the access cycle. The auto-incrementing address
mode is useful to access a block of registers of incrementing addresses.

For example, to read the pace and ECG data registers located from address 0x30 to address 0x3F and worth 16
bytes of data, follow the next steps:
1. Execute a read command to address 0x30.
2. Extend the CSB assertion during 136 clock cycles (8+8*16).

During an auto-incrementing read access, SDO outputs the register contents every 8 clock cycles after the initial
8 clocks of the command field. During an auto-incrementing write access, the data is written to the registers
every 8 clock cycles after the initial 8 clocks of the command field.

Automatic address increment stops at address 0x4F for both write and read operations.

8.5.6 Streaming
A read access cycle can operate in streaming mode, also referred to as loop read-back mode, by performing a
read operation from the DATA_LOOP register and extending the CSB assertion beyond the standard 16 clocks.
The streaming mode is supported for the DATA_STATUS, DATA_CH1_PACE, DATA_CH2_PACE,
DATA_CH3_PACE, DATA_CH1_ECG, DATA_CH2_ECG and DATA_CH3_ECG registers described in Pace and
ECG Data Read Back Registers. The streaming mode is useful to access the block of pace and ECG data
registers when not all data needs to be read. The channels to read in this mode are selected in the CH_CNFG
register. In this mode, CSB must be asserted during 8*(1+N) clock cycles, where N is the number source bytes
enabled in CH_CNFG . The source for pace data is 2 bytes long; the source for ECG data is 3 bytes long, and
the source for data status is 1 byte long.

For example, to read the DATA_STATUS, DATA_CH3_PACE and DATA_CH3_ECG registers located at address
0x30, 0x35 and 0x3D and worth 6 bytes of data, follow the next steps:
1. Write a value of 0x49 to the CH_CNFG register (address 0x2F).
2. Read from the DATA_LOOP register (address 0x50).
3. Extend the CSB assertion for 56 clock cycles (8+8*6).

8.5.7 Data Ready Bar
Data ready bar (DRDYB) is an active low-output signal and is asserted when new data is ready to be read. After
DRDYB is asserted and an SPI read of ECG or PACE data occurs, DRDYB will be deasserted at the 14th rising
edge of SCLK.
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Programming (continued)

Figure 30. DRDYB Behavior for a Complete Read Operation

New data is available regardless of the serial interface being ready to read the data or not, and therefore, the
data is lost if it is not read before the next DRDYB assertion. If DRDYB is asserted and the data is not read,
DRDYB is automatically deasserted at least tDRDYB seconds before the next DRDYB assertion. The value for
tDRDYB can be found in Figure 1 and Figure 2.

Figure 31. DRDYB Behavior for an Incomplete Read Operation

The source channel driving the assertion of the DRDYB signal can be configured in the DRDYB_SRC register. In
order to see the DRDYB output pin asserted, one bit of this register must be set to 1 to select the digital channel
to drive it. Multiple channels should not be selected to drive the DRDYB output pin, otherwise, it will result in
unexpected behavior. The selected channel should not be shut down in the AFE_SHDN_CN register, and if the
source is an ECG channel, its filter should not be disabled in the DIS_EFILTER register. TI strongly recommends
selecting the channel with the fastest data rate as the source for the DRDYB signal to avoid loss of data.

By default, the DRDYB signal is masked during the first few data samples after the start of a conversion or when
a synchronization error is detected. If any ECG channel is enabled, DRDYB is masked during the first six data
samples of the slowest enabled ECG channel. If all ECG channels are disabled, DRDYB is masked for the first
six data samples of the slowest enabled pace channel when the data rate is 1xODR, and for the first eleven data
samples of the slowest enabled pace channel when the data rate is 2xODR. Masking can be disabled in the
MASK_DRDYB register.

8.5.8 Simultaneous ECG and Pace Data Read
Each of the three digital channels of the ADS1293 provides a high-performance path for ECG monitoring and a
lower-resolution path for monitoring of pace-maker signals. The digitized signals from these two paths can be
read simultaneously from the Pace and ECG Data Read Back Registers.

The ECG signal path achieves higher resolution than the PACE signal path by having one extra filtering stage
(as shown in Sinc Filters). Due to the difference in filtering stages of the two paths, the PACE data is available
for reading at a much higher rate than the ECG data. In this sense, the PACE channel must be selected as the
driving source of the DRDYB signal.
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Programming (continued)
In the Streaming mode, the data from the DATA_LOOP register should be read after the DRDYB line is asserted;
this means that new data is available. In order to read both ECG and PACE data from the DATA_LOOP register,
the channels of interest must be enabled in the CH_CNFG register.

As an example, the 3-Lead ECG Application can be reconfigured to perform simultaneous ECG and PACE data
reads from channel 1:
1. Set address 0x00 = 0x00: Stops data conversion (if any).
2. Set address 0x2F = 0x32: Enables channel 1 PACE, channel 1 ECG, and channel 2 ECG for loop.

read-back mode
3. Set address 0x27 = 0x01: Reconfigures the DRDYB source to channel 1 PACE .
4. Set address 0x00 = 0x01: Starts data conversion.

In this case, new PACE data from channel 1 is available on every DRDYB assertion; ECG data from channel
1 and channel 2, on the other hand, is available every six DRDYB assertions (R3_RATE_CH1 =
R3_RATE_CH2 = 6).

There are different approaches for handling simultaneous ECG and PACE data read. One approach is to
read ECG data every time that PACE data is ready, over-sampling the ECG channel. This is possible
because old conversion values are retained in the data registers until new data overwrites them.

A second approach is to also read the DATA_STATUS register. Continuing from the steps above:

5. Set address 0x00 = 0x00: Stops data conversion.
6. Set address 0x2F = 0x33: Enables data ready status, channel 1 PACE, channel 1 ECG, and channel 2.

ECG for loop read-back mode
7. Set address 0x00 = 0x01: Starts data conversion.

The DATA_STATUS register indicates the channel(s) that are updated at a given DRDYB assertion; this
information can potentially be used to discard irrelevant data.

A third and more complex approach is to continuously reprogram the CH_CNFG register based on the contents
of DATA_STATUS register. The CH_CNFG register should be reprogrammed to read PACE+ECG data only
when the DATA_STATUS register indicates ECG data is available. After reading the PACE+ECG data, the
CH_CNFG register should be reprogrammed back to reading only the DATA_STATUS register and the PACE
data. In this case, the ECG data is not oversampled and the SPI communication can be significantly reduced for
cases where a decimation rate, R3_RATE_CHx, is large. The reconfiguration of the CH_CNFG register should
be done before the next DRDYB assertion to avoid losing data.

40 Copyright © 2013–2014, Texas Instruments Incorporated

http://www.ti.com.cn/product/cn/ads1293?qgpn=ads1293
http://www.ti.com.cn


ADS1293
www.ti.com.cn ZHCSA21C –FEBRUARY 2013–REVISED DECEMBER 2014

8.6 Register Maps
1. If written to, RESERVED bits must be written to 0 unless otherwise indicated.
2. Read back value of RESERVED bits and registers is unspecified and should be discarded.
3. Recommended values must be programmed and forbidden values must not be programmed where they are

indicated in order to avoid unexpected results.
4. If written to, registers indicated as Reserved must have the indicated default value as shown in the register

map. Any other value can cause unexpected results.

REGISTER NAME DESCRIPTION ADDRESS ACCESS DEFAULT
Operation Mode Registers
CONFIG Main Configuration 0x00 R/W 0x02
Input Channel Selection Registers
FLEX_CH1_CN Flex Routing Switch Control for Channel 1 0x01 R/W 0x00
FLEX_CH2_CN Flex Routing Switch Control for Channel 2 0x02 R/W 0x00
FLEX_CH3_CN Flex Routing Switch Control for Channel 3 0x03 R/W 0x00
FLEX_PACE_CN Flex Routing Switch Control for Pace Channel 0x04 R/W 0x00
FLEX_VBAT_CN Flex Routing Switch for Battery Monitoring 0x05 R/W 0x00
Lead-off Detect Control Registers
LOD_CN Lead-Off Detect Control 0x06 R/W 0x08
LOD_EN Lead-Off Detect Enable 0x07 R/W 0x00
LOD_CURRENT Lead-Off Detect Current 0x08 R/W 0x00
LOD_AC_CN AC Lead-Off Detect Control 0x09 R/W 0x00
Common-Mode Detection and Right-Leg Drive Feedback Control Registers
CMDET_EN Common-Mode Detect Enable 0x0A R/W 0x00
CMDET_CN Common-Mode Detect Control 0x0B R/W 0x00
RLD_CN Right-Leg Drive Control 0x0C R/W 0x00
Wilson Control Registers
WILSON_EN1 Wilson Reference Input one Selection 0x0D R/W 0x00
WILSON_EN2 Wilson Reference Input two Selection 0x0E R/W 0x00
WILSON_EN3 Wilson Reference Input three Selection 0x0F R/W 0x00
WILSON_CN Wilson Reference Control 0x10 R/W 0x00
Reference Registers
REF_CN Internal Reference Voltage Control 0x11 R/W 0x00
OSC Control Registers
OSC_CN Clock Source and Output Clock Control 0x12 R/W 0x00
AFE Control Registers
AFE_RES Analog Front End Frequency and Resolution 0x13 R/W 0x00
AFE_SHDN_CN Analog Front End Shutdown Control 0x14 R/W 0x00
AFE_FAULT_CN Analog Front End Fault Detection Control 0x15 R/W 0x00
RESERVED — 0x16 R/W 0x00
AFE_PACE_CN Analog Pace Channel Output Routing Control 0x17 R/W 0x01
Error Status Registers
ERROR_LOD Lead-Off Detect Error Status 0x18 RO —
ERROR_STATUS Other Error Status 0x19 RO —
ERROR_RANGE1 Channel 1 AFE Out-of-Range Status 0x1A RO —
ERROR_RANGE2 Channel 2 AFE Out-of-Range Status 0x1B RO —
ERROR_RANGE3 Channel 3 AFE Out-of-Range Status 0x1C RO —
ERROR_SYNC Synchronization Error 0x1D RO —
ERROR_MISC Miscellaneous Errors 0x1E RO 0x00
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Register Maps (continued)
REGISTER NAME DESCRIPTION ADDRESS ACCESS DEFAULT

Digital Registers
DIGO_STRENGTH Digital Output Drive Strength 0x1F R/W 0x03
R2_RATE R2 Decimation Rate 0x21 R/W 0x08
R3_RATE_CH1 R3 Decimation Rate for Channel 1 0x22 R/W 0x80
R3_RATE_CH2 R3 Decimation Rate for Channel 2 0x23 R/W 0x80
R3_RATE_CH3 R3 Decimation Rate for Channel 3 0x24 R/W 0x80
R1_RATE R1 Decimation Rate 0x25 R/W 0x00
DIS_EFILTER ECG Filter Disable 0x26 R/W 0x00
DRDYB_SRC Data Ready Pin Source 0x27 R/W 0x00
SYNCB_CN SYNCB In/Out Pin Control 0x28 R/W 0x40
MASK_DRDYB Optional Mask Control for DRDYB Output 0x29 R/W 0x00
MASK_ERR Mask Error on ALARMB Pin 0x2A R/W 0x00
Reserved — 0x2B — 0x00
Reserved — 0x2C — 0x00
Reserved — 0x2D — 0x09
ALARM_FILTER Digital Filter for Analog Alarm Signals 0x2E R/W 0x33
CH_CNFG Configure Channel for Loop Read Back Mode 0x2F R/W 0x00
Pace and ECG Data Read Back Registers
DATA_STATUS ECG and Pace Data Ready Status 0x30 RO —
DATA_CH1_PACE Channel 1 Pace Data 0x31 RO —

0x32
DATA_CH2_PACE Channel 2 Pace Data 0x33 RO —

0x34
DATA_CH3_PACE Channel 3 Pace Data 0x35 RO —

0x36
DATA_CH1_ECG Channel 1 ECG Data 0x37 RO —

0x38
0x39

DATA_CH2_ECG Channel 2 ECG Data 0x3A RO —
0x3B
0x3C

DATA_CH3_ECG Channel 3 ECG Data 0x3D RO —
0x3E
0x3F

REVID Revision ID 0x40 RO 0x01
DATA_LOOP Loop Read-Back Address 0x50 RO —

8.6.1 Operation Mode Registers

Figure 32. CONFIG: Main Configuration

Addr 7 6 5 4 3 2 1 0
0x00 PWR_DOWN STANDBY START_CON

[7:3] RESERVED —

[2] PWR_DOWN Power-down mode
0: Disabled (default)
1: Circuit powered down

[1] STANDBY Standby mode
0: Disabled
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1: Most circuits powered down (default)

[0] START_CON Start conversion
0: Disabled (default)
1: Conversion active
Note: Programming START_CON = 1 locks write access to registers 0x11, 0x12, 0x13 and
0x21–0x29.

8.6.2 Input Channel Selection Registers

Figure 33. FLEX_CH1_CN: Flex Routing Switch Control For Channel 1

Addr 7 6 5 4 3 2 1 0
0x01 TST1 POS1 NEG1

[7:6] TST1 Test signal selector
00: Test signal disconnected and CH1 inputs determined by POS1 and NEG1 (default)
01: Connect channel one to positive test signal
10: Connect channel one to negative test signal
11: Connect channel one to zero test signal

[5:3] POS1 Positive terminal of channel 1
000: Positive terminal is disconnected (default)
001: Positive terminal connected to input IN1
010: Positive terminal connected to input IN2
011: Positive terminal connected to input IN3
100: Positive terminal connected to input IN4
101: Positive terminal connected to input IN5
110: Positive terminal connected to input IN6

[2:0] NEG1 Negative terminal of channel 1
000: Negative terminal is disconnected (default)
001: Negative terminal connected to input IN1
010: Negative terminal connected to input IN2
011: Negative terminal connected to input IN3
100: Negative terminal connected to input IN4
101: Negative terminal connected to input IN5
110: Negative terminal connected to input IN6

Figure 34. FLEX_CH2_CN: Flex Routing Switch Control for Channel 2

Addr 7 6 5 4 3 2 1 0
0x02 TST2 POS2 NEG2

[7:6] TST2 Test signal selector
00: Test signal disconnected and CH2 inputs determined by POS2 and NEG2 (default)
01: Connect channel two to positive test signal
10: Connect channel two to negative test signal
11: Connect channel two to zero test signal

[5:3] POS2 Positive terminal of channel 2
000: Positive terminal is disconnected (default)
001: Positive terminal connected to input IN1
010: Positive terminal connected to input IN2
011: Positive terminal connected to input IN3
100: Positive terminal connected to input IN4
101: Positive terminal connected to input IN5
110: Positive terminal connected to input IN6

[2:0] NEG2 Negative terminal of channel 2
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000: Negative terminal is disconnected (default)
001: Negative terminal connected to input IN1
010: Negative terminal connected to input IN2
011: Negative terminal connected to input IN3
100: Negative terminal connected to input IN4
101: Negative terminal connected to input IN5
110: Negative terminal connected to input IN6

Figure 35. FLEX_CH3_CN: Flex Routing Switch Control for Channel 3

Addr 7 6 5 4 3 2 1 0
0x03 TST3 POS3 NEG3

[7:6] TST3 Test signal selector
00: Test signal disconnected and CH3 inputs determined by POS3 and NEG3 (default)
01: Connect channel three to positive test signal
10: Connect channel three to negative test signal
11: Connect channel three to zero test signal

[5:3] POS3 Positive terminal of channel 3
000: Positive terminal is disconnected (default)
001: Positive terminal connected to input IN1
010: Positive terminal connected to input IN2
011: Positive terminal connected to input IN3
100: Positive terminal connected to input IN4
101: Positive terminal connected to input IN5
110: Positive terminal connected to input IN6

[2:0] NEG3 Negative terminal of channel 3
000: Negative terminal is disconnected (default)
001: Negative terminal connected to input IN1
010: Negative terminal connected to input IN2
011: Negative terminal connected to input IN3
100: Negative terminal connected to input IN4
101: Negative terminal connected to input IN5
110: Negative terminal connected to input IN6

Figure 36. FLEX_PACE_CN: Flex Routing Switch Control for Pace Channel

Addr 7 6 5 4 3 2 1 0
0x04 TST4 POS4 NEG4

[7:6] TST4 Test signal selector
00: Test signal disconnected and PACE inputs determined by POS4 and NEG4 (default)
01: Connect pace channel to positive test signal
10: Connect pace channel to negative test signal
11: Connect pace channel to zero test signal

[5:3] POS4 Positive terminal of pace channel
000: Positive terminal is disconnected (default)
001: Positive terminal connected to input IN1
010: Positive terminal connected to input IN2
011: Positive terminal connected to input IN3
100: Positive terminal connected to input IN4
101: Positive terminal connected to input IN5
110: Positive terminal connected to input IN6

[2:0] NEG4 Negative terminal of pace channel
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000: Negative terminal is disconnected (default)
001: Negative terminal connected to input IN1
010: Negative terminal connected to input IN2
011: Negative terminal connected to input IN3
100: Negative terminal connected to input IN4
101: Negative terminal connected to input IN5
110: Negative terminal connected to input IN6

Figure 37. FLEX_VBAT_CN: Flex Routing Switch for Battery Monitoring

Addr 7 6 5 4 3 2 1 0
0x05 VBAT_ VBAT_ VBAT_

MONI_CH3 MONI_CH2 MONI_CH1

[7:3] RESERVED —

[2] VBAT_MONI_CH3 Battery monitor configuration for channel 3
0: Battery voltage monitor disabled (default)
1: Battery voltage monitor enabled and overrides FLEX_CH3_CN register

[1] VBAT_MONI_CH2 Battery monitor configuration for channel 2
0: Battery voltage monitor disabled (default)
1: Battery voltage monitor enabled and overrides FLEX_CH2_CN register

[0] VBAT_MONI_CH1 Battery monitor configuration for channel 1
0: Battery voltage monitor disabled (default)
1: Battery voltage monitor enabled and overrides FLEX_CH1_CN register

Note: The INA of the corresponding monitoring channel must be shut down in 0x14.

8.6.3 Lead-Off Detect Control Registers

Figure 38. LOD_CN: Lead-Off Detect Control

Addr 7 6 5 4 3 2 1 0
0x06 ACAD_LOD SHDN_LOD SELAC_LOD ACLVL_LOD

[7:5] RESERVED —

[4] ACAD_LOD AC analog/digital lead-off mode select
0: Digital AC lead-off detect (default)
1: Analog AC lead-off detect

[3] SHDN_LOD Shut down lead-off detection
0: Lead-off detection circuitry is active
1: Lead-off detection circuitry is shut down (default)

[2] SELAC_LOD Lead-off detect operation mode
0: DC lead-off mode (default)
1: AC lead-off mode

[1:0] ACLVL_LOD Programmable comparator trigger level for AC lead-off detection
00: Level 1 (default)
01: Level 2
10: Level 3
11: Level 4
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Figure 39. LOD_EN: Lead-Off Detect Enable

Addr 7 6 5 4 3 2 1 0
0x07 EN_LOD

[7:6] RESERVED —

[5] EN_LOD_6 DC or Analog AC Lead-off-Detection:
These bits enable the lead-off-detection for input IN6.
0: Lead-off detection disabled (default)
1: Lead-off detection enabled
Digital AC Lead-off-Detection:
These bits configure the phase of the current injected into channel CH3.
0: In-phase (default)
1: Anti-phase

[4] EN_LOD_5 DC or Analog AC Lead-off-Detection:
These bits enable the lead-off-detection for input IN5.
0: Lead-off detection disabled (default)
1: Lead-off detection enabled

Digital AC Lead-off-Detection:
These bits configure the phase of the current injected into channel CH2.
0: In-phase (default)
1: Anti-phase

[3] EN_LOD_4 DC or Analog AC Lead-off-Detection:
These bits enable the lead-off-detection for input IN4.
0: Lead-off detection disabled (default)
1: Lead-off detection enabled

Digital AC Lead-off-Detection:
These bits configure the phase of the current injected into channel CH1.
0: In-phase (default)
1: Anti-phase

[2] EN_LOD_3 DC or Analog AC Lead-off-Detection:
These bits enable the lead-off-detection for input IN3.
0: Lead-off detection disabled (default)
1: Lead-off detection enabled

Digital AC Lead-off-Detection:
These bits enable the lead-off-detection for channel CH3.
0: Lead-off detection disabled (default)
1: Lead-off detection enabled

[1] EN_LOD_2 DC or Analog AC Lead-off-Detection:
These bits enable the lead-off-detection for input IN2.
0: Lead-off detection disabled (default)
1: Lead-off detection enable

Digital AC Lead-off-Detection:
These bits enable the lead-off-detection for channel CH2.
0: Lead-off detection disabled (default)
1: Lead-off detection enabled

[0] EN_LOD_1 DC or Analog AC Lead-off-Detection:
These bits enable the lead-off-detection for input IN1.
0: Lead-off detection disabled (default)
1: Lead-off detection enable

Digital AC Lead-off-Detection:
These bits enable the lead-off-detection for channel CH1.
0: Lead-off detection disabled (default)
1: Lead-off detection enabled
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Figure 40. LOD_CURRENT: Lead-Off Detect Current

Addr 7 6 5 4 3 2 1 0
0x08 CUR_LOD

[7:0] CUR_LOD Lead-off detect current select
The lead-off detect current is programmable in a range of 2.04μA with steps of 8nA.
00000000: 0.000 μA (default)
00000001: 0.008 μA
. .
. .
11111110: 2.032 μA
11111111: 2.040 μA

Figure 41. LOD_AC_CN: AC Lead-Off Detect Control

Addr 7 6 5 4 3 2 1 0
0x09 ACDIV_ ACDIV_LOD

FACTOR

[7] ACDIV_FACTOR AC lead off test frequency division factor
0: Clock divider factor K = 1 (default)
1: Clock divider factor K = 16

[6:0] ACDIV_LOD Clock divider ratiio for AC lead off
There are 7 bits available to program the clock divider that generates the AC lead off test frequency.

8.6.4 Common-Mode Detection and Right-Leg Drive Common-Mode Feedback Control Registers

Figure 42. CMDET_EN: Common-Mode Detect Enable

Addr 7 6 5 4 3 2 1 0
0x0A CMDET_ CMDET_ CMDET_ CMDET_ CMDET_ CMDET_

EN_IN6 EN_IN5 EN_IN4 EN_IN3 EN_IN2 EN_IN1

[7:6] RESERVED —

[5:0] CMDET_EN_INx Common-mode detect input enable
There is one bit available per input pin, where the MSB corresponds to input pin IN6 and the LSB
corresponds to input pin IN1.
0: Disable (default)
1: Enable the corresponding pin's voltage to contribute to the average voltage of the common-mode
detect block.

Figure 43. CMDET_CN: Common-Mode Detect Control

Addr 7 6 5 4 3 2 1 0
0x0B CMDET_BW CMDET_CAPDRIVE

[7:6] RESERVED —

[2] CMDET_BW Common-mode detect bandwidth mode
0: Low-bandwidth mode (default)
1: High-bandwidth mode

[1:0] CMDET_CAPDRIVE Common-mode detect capacitive load drive capability
00: Low cap-drive mode (default)
01: Medium low cap-drive mode
10: Medium high cap-drive mode
11: High cap-drive mode
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Figure 44. RLD_CN: Right-Leg Drive Control

Addr 7 6 5 4 3 2 1 0
0x0C RLD_BW RLD_CAPDRIVE SHDN_RLD SELRLD

[7] RESERVED —

[6] RLD_BW Right-leg drive bandwidth mode
0: Low-bandwidth mode (default)
1: High-bandwidth mode

[5:4] RLD_CAPDRIVE Right-leg drive capacitive load drive capability
00: Low cap-drive mode (default)
01: Medium low cap-drive mode
10: Medium high cap-drive mode
11: High cap-drive mode

[3] SHDN_RLD Shut down right-leg drive amplifier
0: RLD amplifier powered up (default)
1: RLD amplifier powered down

[2:0] SELRLD Right-leg drive multiplexer
000: Right-leg drive output disconnected (default)
001: Right-leg drive output connected to IN1
010: Right-leg drive output connected to IN2
011: Right-leg drive output connected to IN3
100: Right-leg drive output connected to IN4
101: Right-leg drive output connected to IN5
110: Right-leg drive output connected to IN6

8.6.5 Wilson Control Registers

Figure 45. WILSON_EN1: Wilson Reference Input One Selection

Addr 7 6 5 4 3 2 1 0
0x0D SELWILSON1

[7] RESERVED —

[2:0] SELWILSON1 Wilson reference routing for the first buffer amplifier
000: No connection to the first buffer amplifier (default)
001: First buffer amplifier connected to input IN1
010: First buffer amplifier connected to input IN2
011: First buffer amplifier connected to input IN3
100: First buffer amplifier connected to input IN4
101: First buffer amplifier connected to input IN5
110: First buffer amplifier connected to input IN6

Figure 46. WILSON_EN2: Wilson Reference Input Two Selection

Addr 7 6 5 4 3 2 1 0
0x0E SELWILSON2

[7:3] RESERVED —

[2:0] SELWILSON2 Wilson reference routing for the second buffer amplifier
000: No connection to the second buffer amplifier (default)
001: Second buffer amplifier connected to input IN1
010: Second buffer amplifier connected to input IN2
011: Second buffer amplifier connected to input IN3
100: Second buffer amplifier connected to input IN4
101: Second buffer amplifier connected to input IN5
110: Second buffer amplifier connected to input IN6
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Figure 47. WILSON_EN3: Wilson Reference Input Three Selection

Addr 7 6 5 4 3 2 1 0
0x0F SELWILSON3

[7:3] RESERVED —

[2:0] SELWILSON3 Wilson reference routing for the third buffer amplifier
000: No connection to the third buffer amplifier (default)
001: Third buffer amplifier connected to input IN1
010: Third buffer amplifier connected to input IN2
011: Third buffer amplifier connected to input IN3
100: Third buffer amplifier connected to input IN4
101: Third buffer amplifier connected to input IN5
110: Third buffer amplifier connected to input IN6

Figure 48. WILSON_CN: Wilson Reference Control

Addr 7 6 5 4 3 2 1 0
0x10 GOLDINT WILSONINT

[7:2] RESERVED —

[1] GOLDINT Goldberger reference routing
0: Goldberger reference disabled (default)
1: Goldberger reference outputs internally connected to IN4, IN5 and IN6
Note: GOLDINT bit can not be 1 when WILSONINT is 1.

[0] WILSONINT Wilson reference routing
0: Wilson reference output internally disconnected from IN6 (default)
1: Wilson reference output internally connected to IN6
Note: WILSONINT bit can not be 1 when GOLDINT is 1.

8.6.6 Reference Registers

Figure 49. REF_CN: Internal Reference Voltage Control

Addr 7 6 5 4 3 2 1 0
0x11 SHDN_ CMREF SHDN_REF

[7:2] RESERVED —

[1] SHDN_CMREF Shut down the common-mode and right-leg drive reference voltage circuitry
0: CM and RLD reference voltage is on (default)
1: Shut down CM and RLD reference voltage
Note: Enable this bit to save power when the analog block is shut down (SHDN_REF = 1).
Power-down mode automatically shuts down the common-mode and right-leg drive reference.

[0] SHDN_REF Shut down internal 2.4-V reference voltage
0: Internal reference voltage is on (default)
1: Shut down internal reference voltage
Note: Enabling this bit allows driving the IC with an external reference voltage on the CVREF pin.
Power-down mode automatically shuts down the internal 2.4-V reference.
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8.6.7 OSC Control Registers

Figure 50. OSC_CN: Clock Source and Output Clock Control

Addr 7 6 5 4 3 2 1 0
0x12 STRTCLK SHDN_OSC EN_CLKOUT

[7:3] RESERVED —

[2] STRTCLK Start the clock
0: Clock to digital disabled (default)
1: Enable clock to digital
Note: Set this bit high only after the oscillator has started up or after the oscillator has shut down and
the external clock has started up.

[1] SHDN_OSC Select clock source
0: Use internal clock with external crystal on XTAL1 and XTAL2 pins (default)
1: Shut down internal oscillator and use external clock from CLK pin
Note: STRTCLK bit should be low at the time this bit is reconfigured.

[0] EN_CLKOUT Enable CLK pin output driver
0: Clock output driver disabled (default)
1: Clock output driver enabled

8.6.8 AFE Control Registers

Figure 51. AFE_RES: Analog Front-End Frequency and Resolution

Addr 7 6 5 4 3 2 1 0
0x13 FS_HIGH_ FS_HIGH_ FS_HIGH_ EN_HIRES_ EN_HIRES_ EN_HIRES_

CH3 CH2 CH1 CH3 CH2 CH1

[7:6] RESERVED —

[5] FS_HIGH_CH3 Clock frequency for channel 3
0: 102400 Hz (default)
1: 204800 Hz

[4 ] FS_HIGH_CH2 Clock frequency for Channel 2
0: 102400 Hz (default)
1: 204800 Hz

[3] FS_HIGH_CH1 Clock frequency for Channel 1
0: 102400 Hz (default)
1: 204800 Hz

[2] EN_HIRES_CH3 High-resolution mode for Channel 3 instrumentation amplifier
0: Disabled (default)
1: Enabled

[1] EN_HIRES_CH2 High-resolution mode for Channel 2 instrumentation amplifier
0: Disabled (default)
1: Enabled

[0] EN_HIRES_CH1 High-resolution mode for Channel 1 instrumentation amplifier
0: Disabled (default)
1: Enabled
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Figure 52. AFE_SHDN_CN: Analog Front-End Shutdown Control

Addr 7 6 5 4 3 2 1 0
0x14 SHDN_ SHDN_ SHDN_ SHDN_ SHDN_ SHDN_

SDM_CH3 SDM_CH2 SDM_CH1 INA_CH3 INA_CH2 INA_CH1

[7:6] RESERVED —

[5] SHDN_SDM_CH3 Shut down the sigma-delta modulator for Channel 3
0: Active (default)
1: Shut down

[4 ] SHDN_SDM_CH2 Shut down the sigma-delta modulator for Channel 2
0: Active (default)
1: Shut down

[3] SHDN_SDM_CH1 Shut down the sigma-delta modulator for Channel 1
0: Active (default)
1: Shut down

[2] SHDN_INA_CH3 Shut down the instrumentation amplifier for Channel 3
0: Active (default)
1: Shut down

[1] SHDN_INA_CH2 Shut down the instrumentation amplifier for Channel 2
0: Active (default)
1: Shut down

[0] SHDN_INA_CH1 Shut down the instrumentation amplifier for Channel 1
0: Active (default)
1: Shut down

Figure 53. AFE_FAULT_CN: Analog Front-End Fault Detection Control

Addr 7 6 5 4 3 2 1 0
0x15 SHDN_ SHDN_ SHDN_

FAULTDET_ FAULTDET_ FAULTDET_
CH3 CH2 CH1

[7:3] RESERVED —

[2] SHDN_ Disable the instrumentation amplifier fault detection for Channel 3
FAULTDET_CH3

0: Fault detection active (default)
1: Disable the fault detection

[1 ] SHDN_ Disable the instrumentation amplifier fault detection for Channel 2
FAULTDET_CH2

0: Active (default)
1: Disable the fault detection

[0] SHDN_ Disable the instrumentation amplifier fault detection for Channel 1
FAULTDET_CH1

0: Active (default)
1: Disable the fault detection
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Figure 54. AFE_PACE_CN: Analog Pace Channel Output Routing Control

Addr 7 6 5 4 3 2 1 0
0x17 PACE2RLDI PACE2WCT SHDN_PACE

N

[7:3] RESERVED —

[2] PACE2RLDIN Connect the analog pace channel output to RLDIN pin
0: Analog pace channel output is disconnected from the RLDIN pin (default)
1: Connect the analog pace channel output to the RLDIN pin.
Note: The right-leg drive amplifier is disconnected from the RLDIN pin and connected internally to the
RLDREF pin when this bit is 1.

[1 ] PACE2WCT Connect the analog pace channel output to WCT pin
0: Analog pace channel output is disconnected from the WCT pin (default)
1: Connect the analog pace channel output to the WCT pin.
Note: The Wilson reference output is disconnected from the WCT pin when this bit is 1. The Wilson
output can be connected internally to IN6 pin with the WILSON_CN register.

[0] SHDN_PACE Shut down analog pace channel
0: Analog pace channel is powered up
1: Analog pace channel is shut down (default)

8.6.9 Error Status Registers

Figure 55. ERROR_LOD: Lead-Off Detect Error Status

Addr 7 6 5 4 3 2 1 0
0x18 OUT_LOD

[7:6] RESERVED —

[5:0] OUT_LOD Lead-Off Detect Status
There is one bit available per input pin, where the MSB corresponds to input pin IN6 and the LSB
corresponds to input pin IN1.
1: Indicates a lead off error detected on the corresponding input pin.

Note: The clock-to-digital (internal or external) must be enabled in 0x12[2] for this error register to update.
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Figure 56. ERROR_STATUS: Other Error Status

Addr 7 6 5 4 3 2 1 0
0x19 SYNC EDGEERR CH3ERR CH2ERR CH1ERR LEADOFF BATLOW RLDRAIL CMOR

[7] SYNCEDGEERR Digital synchronization error
1: Indicates a digital synchronization error occurred

[6] CH3ERR Channel 3 out-of-range error
1: Indicates an out-of-range error detected on Channel 3

[5] CH2ERR Channel 2 out-of-range error
1: Indicates an out-of-range error detected on Channel 2

[4 ] CH1ERR Channel 1 out-of-range error
1: Indicates an out-of-range error detected on Channel 1

[3] LEADOFF Lead off detected
1: Indicates a lead off was detected on at least one input pin

[2] BATLOW Low battery
1: Indicates the battery voltage has dropped below 2.7 V

[1] RLDRAIL Right leg drive near rail
1: Indicates the right leg drive amplifier output is approaching the supply rails

[0] CMOR Common-mode level out-of-range
1: Indicates the level detected by the common-mode detect block is outside of the input common-
mode range of the amplifiers in the analog front-end

Note: The clock to digital (internal or external) must be enabled in 0x12[2] for this error register to update.

Figure 57. ERROR_RANGE1: Channel 1 AFE Out-Of-Range Status

Addr 7 6 5 4 3 2 1 0
0x1A SDM_ OR_CH1 SIGN_CH1 OUTN_ OUTN_ OUTP_ OUTP_ DIF_HIGH_

LOW_CH1 HIGH_CH1 LOW_CH1 HIGH_CH1 CH1

[7] RESERVED —

[6] SDM_OR_CH1 Channel 1 sigma-delta modulator over range
1: Indicates an over range detected for Channel 1 SDM

[5] SIGN_CH1 Channel 1 instrumentation amplifier output sign
This bit specifies the sign of the output signal of the instrumentation amplifier for Channel 1.
0: Positive output of INA larger than negative output
1: Positive output of INA smaller than negative output

[4 ] OUTN_LOW_CH1 Channel 1 instrumentation amplifier negative output near negative rail
1: Indicates the negative output of the INA is close to the negative rail for Channel 1

[3] OUTN_HIGH_CH1 Channel 1 instrumentation amplifier negative output near positive rail
1: Indicates the negative output of the INA is close to the positive rail for Channel 1

[2] OUTP_LOW_CH1 Channel 1 instrumentation amplifier positive output near negative rail
1: Indicates the positive output of the INA is close to the negative rail for Channel 1

[1] OUTP_HIGH_CH1 Channel 1 instrumentation amplifier positive output near positive rail
1: Indicates the positive output of the INA is close to the positive rail for Channel 1

[0] DIF_HIGH_CH1 Channel 1 instrumentation amplifier output out-of-range
1: Indicates the differential output voltage of the INA is out-of-range for Channel 1

Note: The clock-to-digital (internal or external) must be enabled in 0x12[2] for this error register to update.
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Figure 58. ERROR_RANGE2: Channel 2 AFE Out-Of-Range Status

Addr 7 6 5 4 3 2 1 0
0x1B SDM_ OR_CH2 SIGN_CH2 OUTN_ OUTN_ OUTP_ OUTP_ DIF_HIGH_

LOW_CH2 HIGH_CH2 LOW_CH2 HIGH_CH2 CH2

[7] RESERVED —

[6] SDM_OR_CH2 Channel 2 sigma-delta modulator over range
1: Indicates an over range detected for channel 2 SDM

[5] SIGN_CH2 Channel 2 instrumentation amplifier output sign
This bit specifies the sign of the output signal of the instrumentation amplifier for Channel 2.
0: Positive output of INA larger than negative output
1: Positive output of INA smaller than negative output

[4 ] OUTN_LOW_CH2 Channel 2 instrumentation amplifier negative output near negative rail
1: Indicates the negative output of the INA is close to the negative rail for Channel 2

[3] OUTN_HIGH_CH2 Channel 2 instrumentation amplifier negative output near positive rail
1: Indicates the negative output of the INA is close to the positive rail for Channel 2

[2] OUTP_LOW_CH2 Channel 2 instrumentation amplifier positive output near negative rail
1: Indicates the positive output of the INA is close to the negative rail for Channel 2

[1] OUTP_HIGH_CH2 Channel 2 instrumentation amplifier positive output near positive rail
1: Indicates the positive output of the INA is close to the positive rail for Channel 2

[0] DIF_HIGH_CH2 Channel 2 instrumentation amplifier output out-of-range
1: Indicates the differential output voltage of the INA is out-of-range for Channel 2

Note: The clock-to-digital (internal or external) must be enabled in 0x12[2] for this error register to update.

Figure 59. ERROR_RANGE3: Channel 3 AFE Out-Of-Range Status

Addr 7 6 5 4 3 2 1 0
0x1C SDM_ OR_CH3 SIGN_CH3 OUTN_ OUTN_ OUTP_ OUTP_ DIF_HIGH_

LOW_CH3 HIGH_CH3 LOW_CH3 HIGH_CH3 CH3

[7] RESERVED —

[6] SDM_OR_CH3 Channel 3 sigma-delta modulator over range
1: Indicates an over range detected for channel 3 SDM

[5] SIGN_CH3 Channel 3 instrumentation amplifier output sign
This bit specifies the sign of the output signal of the instrumentation amplifier for Channel 3.
0: Positive output of INA larger than negative output
1: Positive output of INA smaller than negative output

[4 ] OUTN_LOW_CH3 Channel 3 instrumentation amplifier negative output near negative rail
1: Indicates the negative output of the INA is close to the negative rail for Channel 3

[3] OUTN_HIGH_CH3 Channel 3 instrumentation amplifier negative output near positive rail
1: Indicates the negative output of the INA is close to the positive rail for Channel 3

[2] OUTP_LOW_CH3 Channel 3 instrumentation amplifier positive output near negative rail
1: Indicates the positive output of the INA is close to the negative rail for Channel 3

[1] OUTP_HIGH_CH3 Channel 3 instrumentation amplifier positive output near positive rail
1: Indicates the positive output of the INA is close to the positive rail for Channel 3

[0] DIF_HIGH_CH3 Channel 3 instrumentation amplifier output out-of-range
1: Indicates the differential output voltage of the INA is out-of-range for Channel 3

Note: The clock-to-digital (internal or external) must be enabled in 0x12[2] for this error register to update.
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Figure 60. ERROR_SYNC: Synchronization Error

Addr 7 6 5 4 3 2 1 0
0x1D SYNC_PHASEE SYNC_ SYNC_ SYNC_

RR CH3ERR CH2ERR CH1ERR

[7:4] RESERVED —

[3] SYNC_PHASEERR Clock timing generator phase error
1: Timing generator phase adjusted to comply with SYNCB signal

[2] SYNC_CH3ERR Channel 3 synchronization error
1: Channel's filter timing updated to comply with synchronization source

[1] SYNC_CH2ERR Channel 2 synchronization error
1: Channel's filter timing updated to comply with synchronization source

[0] SYNC_CH1ERR Channel 1 synchronization error
1: Channel's filter timing updated to comply with synchronization source

Figure 61. ERROR_MISC: Miscellaneous Error

Addr 7 6 5 4 3 2 1 0
0x1E BATLOW_ RLDRAIL_ CMOR_

STATUS STATUS STATUS

[7:3] RESERVED —

[2] BATLOW_STATUS Low-battery error status
1: Indicates the battery voltage has dropped below 2.7 V

[1] RLDRAIL_STATUS Right-leg drive near rail error status
1: Indicates the right leg drive amplifier output is approaching the supply rails

[0] CMOR_STATUS Common-mode level out-of-range error status
1: Indicates the level detected by the common-mode detect block is outside of the input common-
mode range of the amplifiers in the analog front end

Note: The clock-to-digital (internal or external) must be enabled in 0x12[2] for this error register to update.

8.6.10 Digital Registers

Figure 62. DIGO_STRENGTH: Digital Output Drive Strength

Addr 7 6 5 4 3 2 1 0
0x1F DIGO_STRENGTH

[7:2] RESERVED —

[1:0] DIGO_STRENGTH Digital Output Drive Strength
00: Low drive mode
01: Mid-low drive mode
10: Mid-high drive mode
11: High drive mode (Default)
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Figure 63. R2_RATE: R2 Decimation Rate

Addr 7 6 5 4 3 2 1 0
0x21 R2_RATE

[7:4] RESERVED —

[3:0] R2_RATE R2 decimation rate
0001: 4
0010: 5
0100: 6
1000: 8 (default)
Note: The register sets to its default value if none or more than one bit are enabled.

Figure 64. R3_RATE_CH1: R3 Decimation Rate for Channel 1

Addr 7 6 5 4 3 2 1 0
0x22 R3_RATE_CH1

[7:0] R3_RATE_CH1 R3 decimation rate for channel 1
00000001: 4
00000010: 6
00000100: 8
00001000: 12
00010000: 16
00100000: 32
01000000: 64
10000000: 128 (default)
Note: The register sets to its default value if none or more than one bit are enabled.

Figure 65. R3_RATE_CH2: R3 Decimation Rate for Channel 2

Addr 7 6 5 4 3 2 1 0
0x23 R3_RATE_CH2

[7:0] R3_RATE_CH2 R3 decimation rate for channel 2
00000001: 4
00000010: 6
00000100: 8
00001000: 12
00010000: 16
00100000: 32
01000000: 64
10000000: 128 (default)
Note: The register sets to its default value if none or more than one bit are enabled.

Figure 66. R3_RATE_CH3: R3 Decimation Rate for Channel 3

Addr 7 6 5 4 3 2 1 0
0x24 R3_RATE_CH3

[7:0] R3_RATE_CH3 R3 decimation rate for channel 3
00000001: 4
00000010: 6
00000100: 8
00001000: 12
00010000: 16
00100000: 32
01000000: 64
10000000: 128 (default)
Note: The register sets to its default value if none or more than one bit are enabled.
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Figure 67. R1_RATE: R1 Decimation Rate

Addr 7 6 5 4 3 2 1 0
0x25 R1_RATE_ R1_RATE_ R1_RATE_

CH3 CH2 CH1

[7:3] RESERVED —

[2] R1_RATE_CH3 Pace data rate for channel 3
0: R1 = 4: Standard PACE Data Rate (default)
1: R1 = 2: Double PACE Data Rate

[1] R1_RATE_CH2 Pace data rate for channel 2
0: R1 = 4: Standard PACE Data Rate (default)
1: R1 = 2: Double PACE Data Rate

[0] R1_RATE_CH1 Pace data rate for channel 1
0: R1 = 4: Standard PACE Data Rate (default)
1: R1 = 2: Double PACE Data Rate

Figure 68. DIS_EFILTER: ECG Filter Disable

Addr 7 6 5 4 3 2 1 0
0x26 DIS_E3 DIS_E2 DIS_E1

[7:3] RESERVED —

[2] DIS_E3 Disable the ECG filter for channel 3
0: ECG filter enabled (default)
1: ECG filter disabled

[1] DIS_E2 Disable the ECG filter for channel 2
0: ECG filter enabled (default)
1: ECG filter disabled

[0] DIS_E1 Disable the ECG filter for channel 1
0: ECG filter enabled (default)
1: ECG filter disabled

Figure 69. DRDYB_SRC: Data Ready Pin Source

Addr 7 6 5 4 3 2 1 0
0x27 DRDYB_SRC

[7:6] RESERVED —

[6:0] DRDYB_SRC Select channel to drive the DRDYB pin
000000: DRDYB pin not asserted (default)
000001: Driven by Channel 1 pace
000010: Driven by Channel 2 pace
000100: Driven by Channel 3 pace
001000: Driven by Channel 1 ECG
010000: Driven by Channel 2 ECG
100000: Driven by Channel 3 ECG

Figure 70. SYNCB_CN: Syncb In/Out Pin Control

Addr 7 6 5 4 3 2 1 0
0x28 DIS_SYNCB SYNCB_SRC

OUT

[7] RESERVED —
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[6] DIS_SYNCBOUT Disable the SYNCB pin output driver
0: Driver enabled and pin configured as output
1: Driver disabled and pin configured as input (default)
Note: Bit should be set to 1 for slave devices.

[5:0] SYNCB_SRC Select channel to drive the SYNCB pin
000000: No source selected (default)
000001: Driven by Channel 1 pace
000010: Driven by Channel 2 pace
000100: Driven by Channel 3 pace
001000: Driven by Channel 1 ECG
010000: Driven by Channel 2 ECG
100000: Driven by Channel 3 ECG
Note: Choose the slowest pace or ECG channel as source. Bits[5:0] must be cleared to 0 for slave
devices.

Figure 71. MASK_DRDYB: Optional Mask Control for DRDYB Output

Addr 7 6 5 4 3 2 1 0
0x29 DRDYB DRDYB

MASK_CTL1 MASK_CTL0

[7:2] RESERVED —

[1] DRDYBMASK_CTL1 START_CON mask control for DRDYB output
0: DRDYB signal is masked when START_CON is set (default)
1: Disable initial DRDYB masking when START_CON is set

[0] DRDYBMASK_CTL0 Optional mask control for DRDYB output
0: DRDYB signal is masked after out of sync is detected (default)
1: Disable DRDYB masking after out of sync is detected

Note: If an ECG channel is enabled, DRDYB is masked during 6 ECG output data periods.
If all ECG channels are disabled, DRDYB is masked during 6 or 11 pace output data periods, for 1x pace or 2x pace mode respectively.

Figure 72. MASK_ERR: Mask Error on ALARMB Pin

Addr 7 6 5 4 3 2 1 0
0x2A MASK_SYNC MASK_ MASK_ MASK_ MASK_ MASK_ MASK_ MASK_

EDGEERR CH3ERR CH2ERR CH1ERR OUTLOD BATLOW RLDRAIL CMOR

[7] MASK_SYNCEDGEER Mask alarm condition when SYNCEDGEERR=1
R

0: Alarm condition is active (default)
1: Alarm condition is masked

[6] MASK_CH3ERR Mask alarm condition for CH3ERR=1
0: Alarm condition active (default)
1: Alarm condition is masked

[5] MASK_CH2ERR Mask alarm condition for CH2ERR=1
0: Alarm condition active (default)
1: Alarm condition is masked

[4 ] MASK_CH1ERR Mask alarm condition for CH1ERR=1
0: Alarm condition active (default)
1: Alarm condition is masked

[3] MASK_LEADOFF Mask alarm condition for LEADOFF=1
0: Alarm condition active (default)
1: Alarm condition is masked

[2] MASK_BATLOW Mask alarm condition for BATLOW=1
0: Alarm condition active (default)
1: Alarm condition is masked
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[1] MASK_RLDRAIL Mask alarm condition for RLDRAIL=1
0: Alarm condition active (default)
1: Alarm condition is masked

[0] MASK_CMOR Mask alarm condition for CMOR=1
0: Alarm condition active (default)
1: Alarm condition is masked

Figure 73. ALARM_FILTER: Digital Filter for Analog Alarm Signals

Addr 7 6 5 4 3 2 1 0
0x2E AFILTER_OTHER AFILTER_LOD

[7:4] AFILTER_OTHER Filter for all other alarms count
Number of consecutive analog alarm signal counts +1 before ALARMB is asserted.
0011: (default)

[3:0] AFILTER_LOD Filter for OUT_LOD[5:0] alarm count
Number of consecutive lead off alarm signal counts +1 before ALARMB is asserted.
0011: (default)

Figure 74. CH_CNFG: Configure Channel for Loop Read Back Mode

Addr 7 6 5 4 3 2 1 0
0x2F E3_EN E2_EN E1_EN P3_EN P2_EN P1_EN STS_EN

[7] RESERVED —

[6] E3_EN Enable DATA_CH3_ECG read back
0: Disable data read back for this channel (default)
1: Enable data read back for this channel

[5] E2_EN Enable DATA_CH2_ECG read back
0: Disable data read back for this channel (default)
1: Enable data read back for this channel

[4 ] E1_EN Enable DATA_CH1_ECG read back
0: Disable data read back for this channel (default)
1: Enable data read back for this channel

[3] P3_EN Enable DATA_CH3_PACE read back
0: Disable data read back for this channel (default)
1: Enable data read back for this channel

[2] P2_EN Enable DATA_CH2_PACE read back
0: Disable data read back for this channel (default)
1: Enable data read back for this channel

[1] P1_EN Enable DATA_CH1_PACE read back
0: Disable data read back for this channel (default)
1: Enable data read back for this channel

[0] STS_EN Enable DATA_STATUS read back
0: Disable data status read back (default)
1: Enable data status read back

8.6.11 Pace and ECG Data Read Back Registers

Figure 75. DATA_STATUS: ECG and Pace Data Ready Status

Addr 7 6 5 4 3 2 1 0
0x30 E3_DRDY E2_DRDY E1_DRDY P3_DRDY P2_DRDY P1_DRDY ALARMB 0

[7] E3_DRDY Channel 3 ECG data ready
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1: Channel 3 ECG data ready

[6] E2_DRDY Channel 2 ECG data ready
1: Channel 2 ECG data ready

[5] E1_DRDY Channel 1 ECG data ready
1: Channel 1 ECG data ready

[4 ] P3_DRDY Channel 3 pace data ready
1: Channel 3 pace data ready

[3] P2_DRDY Channel 2 pace data ready
1: Channel 2 pace data ready

[2] P1_DRDY Channel 1 pace data ready
1: Channel 1 pace data ready

[1] ALARMB ALARMB status
1: Alarm active (ALARMB output pin driven low)

[0] Reserved —
0

Figure 76. DATA_CH1_PACE: Channel 1 Pace Data

Addr 15 14 13 12 11 10 9 8
0x31 DATA_CH1_PACE

7 6 5 4 3 2 1 0
0x32 DATA_CH1_PACE

[15:8] DATA_CH1_PACE Channel 1 pace data
Address 0x31 contains the upper byte

[7:0] DATA_CH1_PACE Channel 1 pace data
Address 0x32 contains the lower byte

Figure 77. DATA_CH2_PACE: Channel 2 Pace Data

Addr 15 14 13 12 11 10 9 8
0x33 DATA_CH2_PACE

7 6 5 4 3 2 1 0
0x34 DATA_CH2_PACE

[15:8] DATA_CH2_PACE Channel 2 pace data
Address 0x33 contains the upper byte

[7:0]
DATA_CH2_PACE Channel 2 pace data

Address 0x34 contains the lower byte

Figure 78. DATA_CH3_PACE: Channel 3 Pace Data

Addr 15 14 13 12 11 10 9 8
0x35 DATA_CH3_PACE

7 6 5 4 3 2 1 0
0x36 DATA_CH3_PACE

[15:8] DATA_CH3_PACE Channel 3 pace data
Address 0x35 contains the upper byte

[7:0] DATA_CH3_PACE Channel 3 pace data
Address 0x36 contains the lower byte

60 Copyright © 2013–2014, Texas Instruments Incorporated

http://www.ti.com.cn/product/cn/ads1293?qgpn=ads1293
http://www.ti.com.cn


ADS1293
www.ti.com.cn ZHCSA21C –FEBRUARY 2013–REVISED DECEMBER 2014

Figure 79. DATA_CH1_ECG: Channel 1 ECG Data

Addr 23 22 21 20 19 18 7 6
0x37 DATA_CH1_ECG

15 14 13 12 11 10 9 8
0x38 DATA_CH1_ECG

7 6 5 4 3 2 1 0
0x39 DATA_CH1_ECG

[23:16] DATA_CH1_ECG Channel 1 ECG data
Address 0x37 contains the upper byte

[15:8] DATA_CH1_ECG Channel 1 ECG data
Address 0x38 contains the middle byte

[7:0] DATA_CH1_ECG Channel 1 ECG data
Address 0x39 contains the lower byte

Figure 80. DATA_CH2_ECG: Channel 2 ECG Data

Addr 23 22 21 20 19 18 7 6
0x3A DATA_CH2_ECG

15 14 13 12 11 10 9 8
0x3B DATA_CH2_ECG

7 6 5 4 3 2 1 0
0x3C DATA_CH2_ECG

[23:16] DATA_CH2_ECG Channel 2 ECG data
Address 0x3A contains the upper byte

[15:8] DATA_CH2_ECG Channel 2 ECG data
Address 0x3B contains the middle byte

[7:0] DATA_CH2_ECG Channel 2 ECG data
Address 0x3C contains the lower byte

Figure 81. DATA_CH3_ECG: Channel 3 ECG Data

Addr BIT23 BIT22 BIT21 BIT20 BIT19 BIT18 BIT7 BIT6
0x3D DATA_CH3_ECG

15 14 13 12 11 10 9 8
0x3E DATA_CH3_ECG

7 6 5 4 3 2 1 0
0x3F DATA_CH3_ECG

[23:16] DATA_CH3_ECG Channel 3 ECG data
Address 0x3D contains the upper byte

[15:8] DATA_CH3_ECG Channel 3 ECG data
Address 0x3E contains the middle byte

[7:0] DATA_CH3_ECG Channel 3 ECG data
Address 0x3F contains the lower byte
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Figure 82. REVID: Revision ID

Addr 7 6 5 4 3 2 1 0
0x40 REVID

[7:0] REVID Revision ID
00000001 (Default)

Figure 83. DATA_LOOP: Loop Read Back Address

Addr 7 6 5 4 3 2 1 0
0x50 PE_LPRD

[7:0] PE_LPRD Loop read back address
Special address to read back the contents of registers 0x30 - 0x3F if they are enabled in CH_CNFG.
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and TI does not warrant its accuracy or completeness. TI’s customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information
The ADS1293 is an AFE for biopotential measurements. The device is typically used in portable, low-power
medical, sports, and fitness ECG applications. The device's flexibility and synchronization features allows it to be
used it in configurations that range from single-chip/single-channel applications to multi-chip/multi-channel
applications. The following sections will explore the use model in some of these configurations.

9.2 Typical Applications

9.2.1 3-Lead ECG Application
In the 3-Lead ECG example shown in Figure 84, the right-arm (RA), left-arm (LA), left-leg (LL) and right-leg (RL)
electrodes are connected to the IN1, IN2, IN3 and IN4 pins. The ADS1293 uses the Common-Mode Detector to
measure the common-mode of the system by averaging the voltage of input pins IN1, IN2 and IN3, and uses this
signal in the right-leg drive feedback circuit (1). The output of the RLD amplifier is connected to RL through IN4 to
drive the common-mode of the system. The chip uses an external 4.096-MHz crystal oscillator connected
between the XTAL1 and XTAL2 pins to create the clock source for the device.

Figure 84. 3-Lead ECG Application

(1) The ideal values of R1, R2 and C1 will vary per system / application; typical values for these components are: R1 = 100 kΩ, R2 = 1 MΩ
and C1 = 1.5 nF.
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Typical Applications (continued)
9.2.1.1 Design Requirements
For this design example, use the parameters listed in Table 12 as the set-up parameters.

Table 12. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE
Number of electrodes 4

Lead I definition LA – RA
Lead II definition LL –RA

Bandwidth 175 Hz
Output data rate 853 sps

Analog supply voltage 5.0 V
Digital I/O supply voltage 3.3 V

9.2.1.2 Detailed Design Procedure
Follow the next steps to configure the device for this example, starting from default registers values.
1. Set address 0x01 = 0x11: Connect channel 1’s INP to IN2 and INN to IN1.
2. Set address 0x02 = 0x19: Connect channel 2’s INP to IN3 and INN to IN1.
3. Set address 0x0A = 0x07: Enable the common-mode detector on input pins IN1, IN2 and IN3.
4. Set address 0x0C = 0x04: Connect the output of the RLD amplifier internally to pin IN4.
5. Set address 0x12 = 0x04: Use external crystal and feed the internal oscillator's output to the digital.
6. Set address 0x14 = 0x24: Shuts down unused channel 3’s signal path.
7. Set address 0x21 = 0x02: Configures the R2 decimation rate as 5 for all channels.
8. Set address 0x22 = 0x02: Configures the R3 decimation rate as 6 for channel 1.
9. Set address 0x23 = 0x02: Configures the R3 decimation rate as 6 for channel 2.
10. Set address 0x27 = 0x08: Configures the DRDYB source to channel 1 ECG (or fastest channel).
11. Set address 0x2F = 0x30: Enables channel 1 ECG and channel 2 ECG for loop read-back mode.
12. Set address 0x00 = 0x01: Starts data conversion.

Follow the description in the Streaming section to read the data. The ADS1293 will measure lead I and lead II.
Lead III can be calculated as follows: Lead III = Lead II – Lead I

Optionally, the third channel could be used to measure Lead III.

9.2.1.3 Application Curves
Figure 85 show measurement data collected by a single ADS1293 device connected to an ECG simulator
configured to produce an ECG signals at a rate of 60 per minute and with an amplitude of 2 mV. The data was
collected simultaneously by channels 1 and 2 of the device during a period of 10 seconds.

Figure 85. Single ADS1293 Device With an ECG Simulator, CH1 and CH2: ECG Signals
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9.2.2 5-Lead ECG Application
In the 5-Lead ECG example shown in Figure 86, the ADS1293 uses the Common-Mode Detector to measure the
common-mode of the system by averaging the voltage of input pins IN1, IN2 and IN3, and uses this signal in the
right-leg drive feedback circuit (1). The output of the RLD amplifier is connected to RL through IN4 to drive the
common-mode of the system. The Wilson Central Terminal is generated by the ADS1293 and is used as a
reference to measure the chest electrode, V1. The chip uses an external 4.096 MHz crystal oscillator connected
between the XTAL1 and XTAL2 pins to create the clock source for the device.

Figure 86. 5-Lead ECG Application

9.2.2.1 Design Requirements
For this design example, use the parameters listed in Table 13 as the setup parameters.

Table 13. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE
Number of electrodes 5

Lead I definition LA – RA
Lead II definition LL –RA
Lead V definition V1 – WCT

Bandwidth 175 Hz
Output data rate 853 sps

Analog supply voltage 5.0 V
Digital I/O supply voltage 3.3 V

(1) The ideal values of R1, R2 and C1 will vary per system / application; typical values for these components are: R1 = 100 kΩ, R2 = 1 MΩ
and C1 = 1.5 nF.
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9.2.2.2 Detailed Design Procedure
The following steps configure the ADS1293 for a 5-lead application with an ECG bandwidth of 175 Hz and an
output data rate of 853 Hz; it is assumed that the device registers contain their default power-up values.
1. Set address 0x01 = 0x11: Connects channel 1’s INP to IN2 and INN to IN1.
2. Set address 0x02 = 0x19: Connect channel 2’s INP to IN3 and INN to IN1.
3. Set address 0x03 = 0x2E: Connects channel 3’s INP to IN5 and INN to IN6.
4. Set address 0x0A = 0x07: Enables the common-mode detector on input pins IN1, IN2 and IN3.
5. Set address 0x0C = 0x04: Connects the output of the RLD amplifier internally to pin IN4.
6. Set addresses 0x0D = 0x01, 0x0E = 0x02, 0x0F = 0x03: Connects the first buffer of the Wilson reference to

the IN1 pin, the second buffer to the IN2 pin, and the third buffer to the IN3 pin.
7. Set address 0x10 = 0x01: Connects the output of the Wilson reference internally to IN6.

8. Set address 0x12 = 0x04: Uses external crystal and feeds the output of the internal oscillator module to the
digital.

9. Set address 0x21 = 0x02: Configures the R2 decimation rate as 5 for all channels.
10. Set address 0x22 = 0x02: Configures the R3 decimation rate as 6 for channel 1.
11. Set address 0x23 = 0x02: Configures the R3 decimation rate as 6 for channel 2.
12. Set address 0x24 = 0x02: Configures the R3 decimation rate as 6 for channel 3.
13. Set address 0x27 = 0x08: Configures the DRDYB source to ECG channel 1 (or fastest channel).
14. Set address 0x2F = 0x70: Enables ECG channel 1, ECG channel 2, and ECG channel 3 for loop read-back

mode.
15. Set address 0x00 = 0x01: Starts data conversion.

Follow the description in the Streaming section to read the data.

9.2.2.3 Application Curves
Figure 87 show measurement data collected by a single ADS1293 device connected to an ECG simulator
configured to produce an ECG signals at a rate of 60 per minute and with an amplitude of 2 mV. The data was
collected simultaneously by channels 1, 2 and 3 of the device during a period of 10 seconds.

Figure 87. Single ADS1293 Device With an ECG Simulator, CH1, CH2, and CH3: ECG Signals
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9.2.3 8- or 12-Lead ECG Application

Figure 88. 8- or 12-Lead ECG Application
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Figure 88 shows the ADS1293 master/slave setup for an 8-Lead to 12-Lead ECG system. The ADS1293 uses
the Common-Mode Detector to measure the common-mode of the system by averaging the voltage of input pins
IN1, IN2 and IN3, and uses this signal in the right-leg drive feedback circuit (1). The output of the RLD amplifier is
connected to the right-leg electrode to drive the common-mode of the system. The Wilson Central Terminal is
generated by the ADS1293 and is used as a reference to measure the chest electrodes, V1-V6; TI strongly
recommends shielding the external Wilson connections, which due to the high output impedance of the Wilson
reference, is prone to pick up external interference. The master ADS1293 generates a synchronization pulse on
the SYNCB pin (configured as an output). This drives the SYNCB pins (configured as inputs) of the two slave
ADS1293. The master chip uses an external 4.096 MHz crystal oscillator connected between the XTAL1 and
XTAL2 pins to create the clock source for the device and outputs this clock on the CLK pin.

9.2.3.1 Design Requirements
For this design example, use the parameters listed in Table 14 as the setup parameters.

Table 14. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE
Number of electrodes 10

Lead I definition LA – RA
Lead II definition LL –RA

Lead V1 definition V1 – WCT
Lead V2 definition V2 – WCT
Lead V3 definition V3 – WCT
Lead V4 definition V4 – WCT
Lead V5 definition V5 – WCT
Lead V6 definition V6 – WCT

Bandwidth 175 Hz
Output data rate 853 sps

Analog supply voltage 5.0 V
Digital I/O supply voltage 3.3 V

(1) The ideal values of R1, R2 and C1 will vary per system / application; typical values for these components are: R1 = 100 kΩ, R2 = 1 MΩ
and C1 = 1.5 nF.

9.2.3.2 Detailed Design Procedure
The next steps will configure the master device; it is assumed that the device registers contain their default
power-up values.
1. Set address 0x01 = 0x11: Connects channel 1’s INP to IN2 and INN to IN1.
2. Set address 0x02 = 0x19: Connect channel 2’s INP to IN3 and INN to IN1.
3. Set address 0x0A = 0x07: Enables the common-mode detector on input pins IN1, IN2 and IN3.
4. Set address 0x0C = 0x04: Connects the output of the RLD amplifier internally to pin IN4.
5. Set addresses 0x0D = 0x01, 0x0E = 0x02, 0x0F = 0x03: Connects the first buffer of the Wilson reference to

the IN1 pin, the second buffer to the IN2 pin, and the third buffer to the IN3 pin.
6. Set address 0x12 = 0x05: Uses external crystal, feeds the output of the internal oscillator module to the

digital, and enables the CLK pin output driver
7. Set address 0x14 = 0x24: Shuts down unused channel 3’s signal path.
8. Set address 0x21 = 0x02: Configures the R2 decimation rate as 5 for all channels.
9. Set address 0x22 = 0x02: Configures the R3 decimation rate as 6 for channel 1.
10. Set address 0x23 = 0x02: Configures the R3 decimation rate as 6 for channel 2.
11. Set address 0x27 = 0x08: Configures the data-ready source to channel 1 ECG (or fastest channel).
12. Set address 0x28 = 0x08: Configures the synchronization source to channel 1 ECG (or slowest channel).
13. Set address 0x2F = 0x30: Enables ECG channel 1 and ECG channel 2 for loop read-back mode.
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Next, configure the slave devices; it is assumed that the device registers contain their default power-up
values. In this example, both devices will have the same configuration; therefore, they can potentially be
configured in parallel by asserting the CSB signal of both chips.

14. Set address 0x01 = 0x0C: Connects channel 1’s INP to IN1 and INN to IN4.
15. Set address 0x02 = 0x14: Connects channel 2’s INP to IN2 and INN to IN4.
16. Set address 0x03 = 0x1C: Connects channel 3’s INP to IN3 and INN to IN4.
17. Set address 0x12 = 0x06: Uses external clock signal on the CLK pin and feeds it to the digital.
18. Set address 0x21 = 0x02: Configures the R2 decimation rate as 5 for all channels.
19. Set address 0x22 = 0x02: Configures the R3 decimation rate as 6 for channel 1.
20. Set address 0x23 = 0x02: Configures the R3 decimation rate as 6 for channel 2.
21. Set address 0x24 = 0x02: Configures the R3 decimation rate as 6 for channel 3.
22. Set address 0x27 = 0x00: DRDYB pin not asserted by slave devices.
23. Set address 0x28 = 0x40: Disables SYNCB driver and configures pin as input.
24. Set address 0x2F = 0x70: Enables ECG channel 1, ECG channel 2, and ECG channel 3 for loop read-back

mode.

Finally, start the conversion. This should be written to all three chips.

25. Set address 0x00 = 0x01: Starts data conversion (repeat this step for every device).

The three devices will run synchronously using the SYNCB signal. Follow the description in the Streaming
section to read the data. The ADS1293 measures lead I, lead II and leads V1-V6. For a 12-lead application, the
remaining 4 leads can be calculated as follows:

• Lead III = Lead II – Lead I
• aVR = – ( I + II ) / 2
• aVL = I – II / 2
• aVF = II – I / 2
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9.2.3.3 Application Curves
Figure 89 show measurement data collected by 3 synchronized ADS1293 devices connected to an ECG
simulator configured to produce an ECG signals at a rate of 60 per minute with an amplitude of 2 mV. The data
was collected simultaneously by multiple channels from all 3 devices during a period of 10 seconds.

Figure 89. Three Synchornized ADS1293 Devices With an ECG Simulator: ECG Signals
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10 Power Supply Recommendations

TI recommends placing a 0.1-µF ceramic bypass capacitor from VDD to ground as close as possible to the pin.
An electrolytic or tantalum capacitor of value larger than 1 µF is recommeded as a bulk capacitor. The bulk
capacitor does not need to be in close proximity to the device and could be close to the voltage source terminals
or at the output of the voltage regulator. The same recommendations apply for the VDDIO pin.

The CVREF pin requires a 1-µF bypass capacitor-to-ground; this capacitor should have a low ESR and should
be placed as close as possible to the pin. The RLDREF pin requires a 0.1-µF ceramic bypass capacitor-to-
ground; this capacitor should be placed as close as possible to the pin.

11 Layout

11.1 Layout Guidelines
• Bypass capacitors should be placed in close proximity to the VDD and VDDIO pins.
• A low-ESR bypass capacitor should be placed in close proximity to the CVREF pin.
• A bypass capacitor should be placed in close proximity to the RLDREF pin.
• The SPI signal traces should be routed close together.
• Series resistors should be placed at the source of SDO and DRDYB (close to the DUT). Series resistors

should be placed at the sources of SDI, SCLK and CSB (close to the SPI master).

11.2 Layout Example

Figure 90. PCB Layout Example
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12 器器件件和和文文档档支支持持

12.1 商商标标

All trademarks are the property of their respective owners.

12.2 静静电电放放电电警警告告

这些装置包含有限的内置 ESD 保护。 存储或装卸时，应将导线一起截短或将装置放置于导电泡棉中，以防止 MOS 门极遭受静电损
伤。

12.3 术术语语表表

SLYZ022 — TI 术语表。

这份术语表列出并解释术语、首字母缩略词和定义。

13 机机械械封封装装和和可可订订购购信信息息

以下页中包括机械封装和可订购信息。 这些信息是针对指定器件可提供的最新数据。 这些数据会在无通知且不对
本文档进行修订的情况下发生改变。 欲获得该数据表的浏览器版本，请查阅左侧的导航栏。
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在转售 TI 组件或服务时，如果对该组件或服务参数的陈述与 TI 标明的参数相比存在差异或虚假成分，则会失去相关 TI 组件 或服务的所有明
示或暗示授权，且这是不正当的、欺诈性商业行为。TI 对任何此类虚假陈述均不承担任何责任或义务。

客户认可并同意，尽管任何应用相关信息或支持仍可能由 TI 提供，但他们将独力负责满足与其产品及在其应用中使用 TI 产品 相关的所有法
律、法规和安全相关要求。客户声明并同意，他们具备制定与实施安全措施所需的全部专业技术和知识，可预见 故障的危险后果、监测故障
及其后果、降低有可能造成人身伤害的故障的发生机率并采取适当的补救措施。客户将全额赔偿因 在此类安全关键应用中使用任何 TI 组件而
对 TI 及其代理造成的任何损失。

在某些场合中，为了推进安全相关应用有可能对 TI 组件进行特别的促销。TI 的目标是利用此类组件帮助客户设计和创立其特 有的可满足适用
的功能安全性标准和要求的终端产品解决方案。尽管如此，此类组件仍然服从这些条款。

TI 组件未获得用于 FDA Class III（或类似的生命攸关医疗设备）的授权许可，除非各方授权官员已经达成了专门管控此类使 用的特别协议。

只有那些 TI 特别注明属于军用等级或“增强型塑料”的 TI 组件才是设计或专门用于军事/航空应用或环境的。购买者认可并同 意，对并非指定面
向军事或航空航天用途的 TI 组件进行军事或航空航天方面的应用，其风险由客户单独承担，并且由客户独 力负责满足与此类使用相关的所有
法律和法规要求。

TI 已明确指定符合 ISO/TS16949 要求的产品，这些产品主要用于汽车。在任何情况下，因使用非指定产品而无法达到 ISO/TS16949 要
求，TI不承担任何责任。

产品 应用

数字音频 www.ti.com.cn/audio 通信与电信 www.ti.com.cn/telecom
放大器和线性器件 www.ti.com.cn/amplifiers 计算机及周边 www.ti.com.cn/computer
数据转换器 www.ti.com.cn/dataconverters 消费电子 www.ti.com/consumer-apps
DLP® 产品 www.dlp.com 能源 www.ti.com/energy
DSP - 数字信号处理器 www.ti.com.cn/dsp 工业应用 www.ti.com.cn/industrial
时钟和计时器 www.ti.com.cn/clockandtimers 医疗电子 www.ti.com.cn/medical
接口 www.ti.com.cn/interface 安防应用 www.ti.com.cn/security
逻辑 www.ti.com.cn/logic 汽车电子 www.ti.com.cn/automotive
电源管理 www.ti.com.cn/power 视频和影像 www.ti.com.cn/video
微控制器 (MCU) www.ti.com.cn/microcontrollers
RFID 系统 www.ti.com.cn/rfidsys
OMAP应用处理器 www.ti.com/omap
无线连通性 www.ti.com.cn/wirelessconnectivity 德州仪器在线技术支持社区 www.deyisupport.com

IMPORTANT NOTICE

邮寄地址： 上海市浦东新区世纪大道1568 号，中建大厦32 楼邮政编码： 200122
Copyright © 2015, 德州仪器半导体技术（上海）有限公司
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead finish/
Ball material

(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

ADS1293CISQ/NOPB ACTIVE WQFN RSG 28 1000 RoHS & Green SN Level-3-260C-168 HR -20 to 85 ADS1293

ADS1293CISQE/NOPB ACTIVE WQFN RSG 28 250 RoHS & Green SN Level-3-260C-168 HR -20 to 85 ADS1293

ADS1293CISQX/NOPB ACTIVE WQFN RSG 28 4500 RoHS & Green SN Level-3-260C-168 HR -20 to 85 ADS1293

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

 
(2) RoHS:  TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".
RoHS Exempt: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: TI defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

 
(3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

 
(5) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

 
(6) Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

 

http://www.ti.com/product/ADS1293?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/ADS1293?CMP=conv-poasamples#samplebuy
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In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 



TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

ADS1293CISQ/NOPB WQFN RSG 28 1000 178.0 12.4 5.3 5.3 1.3 8.0 12.0 Q1

ADS1293CISQE/NOPB WQFN RSG 28 250 178.0 12.4 5.3 5.3 1.3 8.0 12.0 Q1

ADS1293CISQX/NOPB WQFN RSG 28 4500 330.0 12.4 5.3 5.3 1.3 8.0 12.0 Q1

PACKAGE MATERIALS INFORMATION
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*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

ADS1293CISQ/NOPB WQFN RSG 28 1000 210.0 185.0 35.0

ADS1293CISQE/NOPB WQFN RSG 28 250 210.0 185.0 35.0

ADS1293CISQX/NOPB WQFN RSG 28 4500 367.0 367.0 35.0

PACKAGE MATERIALS INFORMATION

www.ti.com 20-Sep-2016
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重重要要声声明明和和免免责责声声明明

TI 均以“原样”提供技术性及可靠性数据（包括数据表）、设计资源（包括参考设计）、应用或其他设计建议、网络工具、安全信息和其他资
源，不保证其中不含任何瑕疵，且不做任何明示或暗示的担保，包括但不限于对适销性、适合某特定用途或不侵犯任何第三方知识产权的暗示
担保。

所述资源可供专业开发人员应用TI 产品进行设计使用。您将对以下行为独自承担全部责任：(1) 针对您的应用选择合适的TI 产品；(2) 设计、
验证并测试您的应用；(3) 确保您的应用满足相应标准以及任何其他安全、安保或其他要求。所述资源如有变更，恕不另行通知。TI 对您使用
所述资源的授权仅限于开发资源所涉及TI 产品的相关应用。除此之外不得复制或展示所述资源，也不提供其它TI或任何第三方的知识产权授权
许可。如因使用所述资源而产生任何索赔、赔偿、成本、损失及债务等，TI对此概不负责，并且您须赔偿由此对TI 及其代表造成的损害。

TI 所提供产品均受TI 的销售条款 (http://www.ti.com.cn/zh-cn/legal/termsofsale.html) 以及ti.com.cn上或随附TI产品提供的其他可适用条款的约
束。TI提供所述资源并不扩展或以其他方式更改TI 针对TI 产品所发布的可适用的担保范围或担保免责声明。IMPORTANT NOTICE

邮寄地址：上海市浦东新区世纪大道 1568 号中建大厦 32 楼，邮政编码：200122
Copyright © 2020 德州仪器半导体技术（上海）有限公司
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