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                      概述
MAX11040K/MAX11060是一款24/16位、4通道同时采样
∑-Δ模/数转换器(ADC)。可最多级联8片器件，同时采样
多达32个通道的数据。通过器件串口利用一条指令读取所
有级联器件的数据。四个调制器同时转换每个通道的全差
分模拟输入，数据输出速率可设置在0.25ksps至64ksps范
围。工作在16ksps时，SNR高达106dB；工作在1ksps时，
SNR高达117dB (MAX11040K)。器件采用+3V单电源供
电，使用内部基准时，差分模拟输入量程为±2.2V；可以
选择外部基准。每路输入均具有高达±6V的过压保护。时
钟可以采用内部晶振或外部时钟源。

器件提供SPI™、QSPI™、MICROWIRE™和DSP兼容4线
串口。板载接口逻辑信号允许串口(单个片选)控制多达8个
级联器件或同时采样32路模拟输入通道。

器件可理想用于电源管理系统。每通道具有可调节采样相
位功能，提供内部补偿，用于补偿由于外部分压器、变
送器或输入滤波造成的相位偏移。输出数据速率能够以
0.065%间隔(16ksps或以下)调节，以跟踪周期输入的频率
变化。SYNC输入允许多个器件的转换定时与远端时钟源
定期对准。

器件采用38引脚TSSOP封装，工作在-40°C至+105°C工业
级温度范围。

                      应用
电力保护继电设备

多相电源系统

工业数据采集系统

医疗仪表

                           定购信息               

                                      特性
S 四路全差分同时采样通道

S 可级联同时采样多达32个通道

S 16ksps时具有106dB (MAX11040K) SNR

S 1ksps时具有117dB (MAX11040K) SNR

S 1000:1动态范围内，误差仅为0.25%，处理时间为
16.7ms (MAX11040K)

S ±2.2V满量程输入范围

S ±6V过压保护输入

S 内部晶振

S 2.5V、50ppm/°C内部基准或外部基准

S 输出数据速率可设置在 
 0.25ksps至64ksps范围
 0.065%分辨率

S 可调节采样相位
 0至333µs延迟，步长为1.33µs

S SPI/QSPI/MICROWIRE/DSP兼容4线串口

S 级联接口允许利用单个CS信号控制多达8个器件

S 3.0V至3.6V模拟供电电源

S 2.7V至VAVDD数字供电电源

S 38引脚TSSOP封装

                    功能框图

+表示无铅(Pb)/符合RoHS标准的封装。

MICROWIRE是National Semiconductor Corp.的商标。

SPI/QSPI是Motorola, Inc.的商标。

General Description
The MAX11040K/MAX11060 are 24-/16-bit, 4-channel,
simultaneous-sampling, sigma-delta analog-to-digital
converters (ADCs). The devices allow simultaneous
sampling of as many as 32 channels using a built-in
cascade feature to synchronize as many as eight
devices. The serial interface of the devices allows read-
ing data from all the cascaded devices using a single
command. Four modulators simultaneously convert
each fully differential analog input with a programmable
data output rate ranging from 0.25ksps to 64ksps. The
devices achieve 106dB SNR at 16ksps and 117dB SNR
at 1ksps (MAX11040K). The devices operate from a
single +3V supply. The differential analog input range is
±2.2V when using the internal reference; an external
reference is optional. Each input is overvoltage protect-
ed up to ±6V without damage. The devices use an
internal crystal oscillator or an external source for clock. 

The devices are compatible with SPI™, QSPI™,
MICROWIRE™, and DSP-compatible 4-wire serial inter-
faces. An on-board interface logic allows one serial inter-
face (with a single chip select) to control up to eight
cascaded devices or 32 simultaneous sampling analog
input channels.

The devices are ideally suited for power-management
systems. Each channel includes an adjustable sam-
pling phase enabling internal compensation for phase
shift due to external dividers, transformers, or filters at
the inputs. The output data rate is adjustable with a
0.065% resolution (at 16ksps or below) to track the
varying frequency of a periodic input. A SYNC input
allows periodic alignment of the conversion timing of
multiple devices with a remote timing source.

The devices are available in a 38-pin TSSOP package speci-
fied over the -40°C to +105°C industrial temperature range.

Applications
Power-Protection Relay Equipment

Multiphase Power Systems

Industrial Data-Acquisition Systems

Medical Instrumentation

Features
� Four Fully Differential Simultaneously Sampled

Channels
� Cascadable for Up to 32 Channels of

Simultaneous Sampling
� 106dB (MAX11040K) SNR at 16ksps
� 117dB (MAX11040K) SNR at 1ksps
� 0.25% Error Over a 1000:1 Dynamic Range,

Processed Over 16.7ms (MAX11040K) 
� ±2.2V Full-Scale Input Range
� ±6V Overvoltage Protected Inputs
� Internal Crystal Oscillator
� 2.5V, 50ppm/°C Internal Reference or External

Reference
� Programmable Output Data Rate

0.25ksps to 64ksps Range
0.065% Resolution

� Programmable Sampling Phase
0 to 333µs Delay in 1.33µs Steps

� SPI-/QSPI-/MICROWIRE-/DSP-Compatible 4-Wire
Serial Interface

� Cascadable Interface Allows Control of Up to
Eight Devices with a Single CS Signal

� 3.0V to 3.6V Analog Supply Voltage
� 2.7V to VAVDD Digital Supply Voltage
� 38-Pin TSSOP Package
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Ordering Information

+Denotes a lead(Pb)-free/RoHS-compliant package.

PART TEMP RANGE PIN-PACKAGE

MAX11040KGUU+ -40°C to +105°C 38 TSSOP

MAX11060GUU+ -40°C to +105°C 38 TSSOP

MICROWIRE is a trademark of National Semiconductor Corp.
SPI/QSPI are trademarks of Motorola, Inc.
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24/16位、4通道、同时采样、 
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M

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VAVDD = +3.0V to +3.6V, VDVDD = +2.7V to VAVDD, fXIN CLOCK = 24.576MHz, fOUT = 16ksps, VREFIO = +2.5V (external), CREFIO =
CREF0 = CREF1 = CREF2 = CREF3 = 1µF to AGND, TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C.) (Note 1)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

AVDD to AGND ........................................................-0.3V to +4V
DVDD to DGND......................................-0.3V to (VAVDD + 0.3V)
AGND to DGND.....................................................-0.3V to +0.3V
DIN, SCLK, CS, XIN, SYNC, DRDYIN, 

CASCIN to DGND..............................-0.3V to (VDVDD + 0.3V)
DOUT, DRDYOUT, CASCOUT, CLKOUT, 

XOUT to DGND..................................-0.3V to (VDVDD + 0.3V)
FAULT, OVRFLW to DGND ...................................-0.3V to +4.0V
AIN_+ to AIN_- ......................................................-6.0V to +6.0V
AIN_ _ to AGND (VAVDD ≥ 3V, VDVDD ≥ 2.7V, FAULTDIS = 0,

SHDN = 0, fXIN CLOCK ≥ 20MHz)......................-6.0V to +6.0V

AIN_ _ to AGND (VAVDD < 3V or VDVDD < 2.7V or FAULTDIS = 1
or SHDN = 1 or fXIN CLOCK < 20MHz) ..............-3.5V to +3.5V

REFIO, REF_ to AGND............................-0.3V to (VAVDD + 0.3V)
Maximum Current into Any Pin............................................50mA
Continuous Power Dissipation (TA = +70°C)

TSSOP (derated 13.7mW/°C above +70°C)..............1096mW
Operating Temperature Range .........................-40°C to +105°C
Storage Temperature Range .............................-60°C to +150°C
Junction Temperature ......................................................+150°C
Lead Temperature (soldering, 10s) .................................+300°C
Soldering Temperature (reflow) .......................................+260°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

DC ACCURACY (Note 2)

MAX11040K 24
Resolution

MAX11060 16
Bits

Differential Nonlinearity DNL
24-b i t no mi ssing  cod e ( M AX11040K) ;
16-b i t no mi ssing  cod e  ( M AX 11060) 

0.1 LSB

TA =  +25°C  and + 105°C (MAX11040K) 0.001 0.004

TA = -40°C (MAX11040K) 0.006Integral Nonlinearity (Note 3) INL

MAX11060 0.001

%FS

Offset Error -1 +1 mV

Gain Error (Note 4) -1 +1 %FS

Offset-Error Drift (Note 5) 0.5 ppm/°C

Gain-Error Drift (Note 5) 1 ppm/°C

Change in Gain Error vs. fOUT fOUT = 0.25ksps to 64ksps < 0.025 % FS

Channel-to-Channel Gain Matching 0.03 % FS

DYNAMIC SPECIFICATIONS (62.5Hz sine-wave input, 2.17VP-P)

(Note 6) (MAX11040K) 103 106
Signal-to-Noise Ratio SNR

(Note 6) (MAX11060) 94.5
dB

TA =  + 25°C  and  + 105°C ( M AX 11040K) -94

TA = -40°C (MAX11040K) -90Total Harmonic Distortion THD

MAX11060 -106

dB

TA =  + 25°C  and  + 105°C ( M AX 11040K) 93 98

TA = -40°C (MAX11040K) 89Signal-to-Noise Plus Distortion SINAD

MAX11060 94

dB

TA =  + 25°C  and  + 105°C ( M AX 11040K) 94 100

TA = -40°C (MAX11040K) 89Spurious-Free Dynamic Range SFDR

MAX11060 100

dB

0.1%FS input (MAX11040K) 0.25
Relative Accuracy (Note 7)

6.0%FS input (MAX11040K) 0.005
%

MAX11040K/MAX11060 
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24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Bandwidth -3dB 3.4 kHz

Latency (Note 8) 405 μs

Passband Flatness From DC to 1.4kHz < 0.1 dB

Amplitude-Dependent Phase Error FS vs. 0.1% FS < 0.01 0.12 Degrees

Channel-to-Channel Phase Matching 0.0001 Degrees

Phase-Error Drift 0.001 Degrees

Channel-to-Channel Isolation -130 dB

Common-Mode Rejection CMRR 109 dB

ANALOG INPUTS (AIN_+, AIN_-)

Differential FS Input Range VIN VAIN_+ - VAIN_- -2.2 +2.2 V

Single-Ended Positive Input Range VAIN_+ Referenced to AGND -2.2 +2.2 V

Single-Ended Negative Input Range VAIN_- Referenced to AGND -2.2 +2.2 V

Positive Fault Threshold VPFT VAIN_+ or VAIN_- (Note 9) 2.25 2.65 V

Negative Fault Threshold VNFT VAIN_+ or VAIN_- (Note 9) -2.65 -2.25 V

Fault Pin Response Time 2.5 μs

VNFT ≤ VIN ≤ VPFT 130
Input Impedance ZIN

VIN < VNFT or VIN > VPFT > 0.5
kΩ

DC Leakage Current IIN VAIN_+ = VAIN_- ±0.01 ±1 μA

Input Sampling Rate fS fS = fXINCLOCK/8 3.072 Msps

Input Sampling Capacitance 4.0 pF

INTERNAL REFERENCE

REFIO Output Voltage VREF TA = TMAX 2.4 2.5 2.6 V

REFIO Output Resistance 1 kΩ
REFIO Temp Drift 50 ppm/°C

REFIO Long-Term Stability 200
ppm/

1000hr

REFIO Output Noise 3 μVRMS

REFIO Power-Supply Rejection PSRR 75 dB

EXTERNAL REFERENCE

REFIO Input Voltage VREF 2.3 2.7 V

REFIO Sink Current 200 μA

REFIO Source Current 200 μA

REFIO Input Capacitance 10 pF

CRYSTAL OSCILLATOR (XIN, XOUT)

Tested Resonant Frequency (Note 10) 24.576 MHz

Maximum Crystal ESR 30 Ω
Oscillator Startup Time < 2 ms

Oscillator Stability VDVDD = 3.3V, excluding crystal 10 ppm/°C

M axi m um  O sci l l ator  Load 10 pF

ELECTRICAL CHARACTERISTICS (continued)
(VAVDD = +3.0V to +3.6V, VDVDD = +2.7V to VAVDD, fXIN CLOCK = 24.576MHz, fOUT = 16ksps, VREFIO = +2.5V (external), CREFIO =
CREF0 = CREF1 = CREF2 = CREF3 = 1μF to AGND, TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C.) (Note 1)
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

M

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

ELECTRICAL CHARACTERISTICS (continued)
(VAVDD = +3.0V to +3.6V, VDVDD = +2.7V to VAVDD, fXIN CLOCK = 24.576MHz, fOUT = 16ksps, VREFIO = +2.5V (external), CREFIO =
CREF0 = CREF1 = CREF2 = CREF3 = 1μF to AGND, TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

DIGITAL INPUTS (SCLK, CS, DIN, SYNC, CASCIN, DRDYIN, XIN)

Input Low Voltage VIL
0.3 x

VDVDD
V

Input High Voltage VIH
0.7 x

VDVDD
V

Input Hysteresis VHYS VDVDD = 3.0V 100 mV

Input Leakage Current IL ±0.01 ±1 μA

Input Capacitance CIN 15 pF

CMOS DIGITAL OUTPUTS (DOUT, CASCOUT, DRDYOUT, CLKOUT)

Output Low Voltage VOL ISINK = 5mA
0.15 x

VDVDD
V

Output High Voltage VOH ISOURCE = 1mA
0.85 x
VDVDD

V

Three-State Leakage Current ILT ±1 μA

Three-State Capacitance COUT 15 pF

OPEN-DRAIN DIGITAL OUTPUTS (OVRFLW, FAULT)

Output Low Voltage VOL ISINK = 5mA
0.15 x

VDVDD
V

Output High Voltage VOH Internal pullup only
0.85 x
VDVDD

V

Internal Pullup Resistance 30 kΩ

POWER REQUIREMENTS

Analog Supply Voltage AVDD 3.0 3.6 V

Digital Supply Voltage DVDD 2.7 VAVDD V

Normal operation 25 35 mA
Analog Supply Current (Note 11) IAVDD

Shutdown and fXINCLOCK = 0Hz 0.1 5 μA

Normal operation 11 15 mA
Digital Supply Current (Note 11) IDVDD

Shutdown and fXINCLOCK = 0Hz 0.3 μA

AC Positive-Supply Rejection VAVDD = 3.3V + 100mVP-P at 1kHz 70 dB

DC Positive-Supply Rejection VAVDD = VDVDD = 3.0V to 3.6V 75 dB

ESD PROTECTION

All Pins ESD Human Body Model 2.5 kV

TIMING CHARACTERISTICS (Figures 7–10)

SCLK Clock Period tSCP 50 ns

SCLK Pulse Width (High and Low) tPW 20 ns

DIN or CS to SCLK Fall Setup tSU 10 ns

SCLK Fall to DIN Hold tHD 0 ns

SCLK Rise to CS Rise tCSH1 0 ns

MAX11040K/MAX11060 
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24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

Note 1: Devices are production tested at +105°C. Specifications to -40°C are guaranteed by design.
Note 2: Tested at VAVDD = VDVDD = +3.0V.
Note 3: Integral nonlinearity is the deviation of the analog value at any code from its ideal value after the offset and gain errors are

removed.
Note 4: Offset nulled.
Note 5: Offset and gain drift defined as change in offset and gain error vs. full scale. 
Note 6: Noise measured with AIN_+ = AIN_- = AGND.
Note 7: Relative accuracy is defined as the difference between the actual RMS amplitude and the ideal RMS amplitude of a 62.5Hz

sine wave, measured over one cycle at a 16ksps data rate, expressed as a fraction of the ideal RMS amplitude. The rela-
tive accuracy specification refers to the maximum error expected over 1 million measurements. Calculated from SNR. Not
production tested.

Note 8: Latency is a function of the sampling rate and XIN clock. 
Note 9: Voltage levels below the positive fault threshold and above the negative fault threshold, relative to AGND on each individ-

ual AIN_+ and AIN_- input, do not trigger the analog input protection circuitry. 
Note 10: Test performed using RXD MP35.
Note 11: All digital inputs at DGND or DVDD.
Note 12: SYNC is captured by the subsequent XIN clock if this specification is violated.
Note 13: Delay from DVDD exceeds 2.0V until digital interface is operational. 

ELECTRICAL CHARACTERISTICS (continued)
(VAVDD = +3.0V to +3.6V, VDVDD = +2.7V to VAVDD, fXIN CLOCK = 24.576MHz, fOUT = 16ksps, VREFIO = +2.5V (external), CREFIO =
CREF0 = CREF1 = CREF2 = CREF3 = 1μF to AGND, TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

CLOAD = 30pF 1.5 10 16
SCLK Rise to DOUT Valid tDOT

CLOAD = 100pF < 16
ns

CS Fall to DOUT Enable tDOE CLOAD = 30pF 0.3 20 ns

CS Rise to DOUT Disable tDOD CLOAD = 30pF 0.7 16 ns

CS Pulse Width tCSW 16 ns

CASCIN-to-SCLK Rise Setup tSC 16 ns

SCLK Rise to CASCOUT Valid tCOT CLOAD = 100pF 20 ns

SYNC Pulse Width tSYN 2
XIN

Clock
Cycles

XIN Clock Pulse Width tXPW 16 ns

DRDYIN to DRDYOUT tDRDY CLOAD = 30pF 20 ns

XIN Clock to DRDYOUT Delay tXDRDY DRDYIN = DGND 40 ns

XIN Clock Period tXP 40 ns

XIN Clock to SYNC Setup tSS (Note 12) 16 ns

SYNC to XIN Clock Hold tHS (Note 12) 5 ns

XIN-to-CLKOUT Delay tXCD 40 ns

Power-On Reset Delay (Note 13) < 1 ms
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC
                                                              典型工作特性(MAX11040K)

M

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

Typical Operating Characteristics (MAX11040K)
(VAVDD = VDVDD = 3.3V, fXIN CLOCK = 24.576MHz, fOUT = 16ksps, VREFIO = 2.5V (external), CREFIO = CREF0 = CREF1 = CREF2 =
CREF3 = 1μF, TA = +25°C, unless otherwise noted.)
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

                                                              典型工作特性(MAX11040K续)
(VAVDD = VDVDD = 3.3V, fXIN CLOCK = 24.576MHz, fOUT = 16ksps, VREFIO = 2.5V (external), CREFIO = CREF0 = CREF1 = CREF2 = 
CREF3 = 1μF, TA = +25°C, unless otherwise noted.)

6
0

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

TOTAL HARMONIC DISTORTION 
vs. INPUT FREQUENCY
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GAIN ERROR vs. SUPPLY VOLTAGE
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GAIN ERROR  
vs. TEMPERATURE

M
AX

11
04

0K
/1

10
60

 to
c1

4

TEMPERATURE (°C)

GA
IN

 E
RR

OR
 (%

 F
SR

)

603510-15

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1.0

-1.0
-40 85

VAVDD = VDVDD = 3.3V

GAIN ERROR DRIFT

M
AX

11
04

0K
/1

10
60

 to
c1

5

TIME (hr)

GA
IN

 E
RR

OR
 (%

)

900800700600500400300200100

-0.08

-0.06

-0.04

-0.02

0

-0.10
0 1000

Typical Operating Characteristics (MAX11040K continued)
(VAVDD = VDVDD = 3.3V, fXIN CLOCK = 24.576MHz, fOUT = 16ksps, VREFIO = 2.5V (external), CREFIO = CREF0 = CREF1 = CREF2 =
CREF3 = 1μF, TA = +25°C, unless otherwise noted.)
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC
                                                              典型工作特性(MAX11040K续)
(VAVDD = VDVDD = 3.3V, fXIN CLOCK = 24.576MHz, fOUT = 16ksps, VREFIO = 2.5V (external), CREFIO = CREF0 = CREF1 = CREF2 = 
CREF3 = 1μF, TA = +25°C, unless otherwise noted.)

M

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

Typical Operating Characteristics (MAX11040K continued)
(VAVDD = VDVDD = 3.3V, fXIN CLOCK = 24.576MHz, fOUT = 16ksps, VREFIO = 2.5V (external), CREFIO = CREF0 = CREF1 = CREF2 =
CREF3 = 1μF, TA = +25°C, unless otherwise noted.)
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MAX11040K/MAX11060 

8 Maxim Integrated

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya



24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

6
0

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

Pin Description

PIN NAME FUNCTION

1 AIN0- Negative Analog Input Channel 0

2 AIN0+ Positive Analog Input Channel 0

3 REF0 ADC0 Buffered Reference Voltage. Bypass REF0 with a 1μF capacitor to AGND.

4, 8, 10,
29, 31, 35

AGND Analog Ground

5 AIN1- Negative Analog Input Channel 1

6 AIN1+ Positive Analog Input Channel 1

7 REF1 ADC1 Buffered Reference Voltage. Bypass REF1 with a 1μF capacitor to AGND.

9 REFIO
Reference Voltage Output/Input. Reference voltage for analog-to-digital conversion. In internal reference
mode, the reference buffer provides a +2.5V nominal output. In external reference mode, overdrive REFIO
with an external reference between 2.3V to 2.7V. Bypass REFIO with a 1μF capacitor to AGND.
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TOP VIEW

MAX11040K
MAX11060
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REF3REF1

AIN1+

318 AGNDAGND

309 AVDDREFIO

2910 AGNDAGND

2811 DGNDDGND

2712 DVDDDVDD

2613 XINCASCIN

2514 XOUTCASCOUT

AIN1-

2415 SYNCCS

2316 DRDYINSCLK

2217 DRDYOUTDIN

2118 CLKOUTDOUT

2019 OVRFLWFAULT

TSSOP

+

Pin Configuration

                                                                                         引脚说明

                                                                                         引脚配置

引脚 名称 功能

1 AIN0- 模拟输入通道0，负端。

2 AIN0+ 模拟输入通道0，正端。

3 REF0 ADC0缓冲电压基准，利用1μF电容将REF0旁路至AGND。

4, 8, 10,
29, 31, 35

AGND 模拟地。

5 AIN1- 模拟输入通道1，负端。

6 AIN1+ 模拟输入通道1，正端。

7 REF1 ADC1缓冲电压基准，利用1μF电容将REF1旁路至AGND。

9 REFIO
基准电压输出/输入，用于模/数转换器的基准电压。内部基准模式下，基准缓冲器提供+2.5V标称输出；外部
基准模式下，利用2.3V至2.7V的外部基准过驱动REFIO。利用1μF电容将REFIO旁路至AGND。
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC
                                                                                         引脚说明(续)

引脚 名称 功能

11, 28 DGND 数字地。

12, 27 DVDD 正数字电源电压。利用1μF电容与0.01μF电容并联将每个DVDD旁路至DGND，电容尽量靠近器件放置。

13 CASCIN

级联输入。CS为低电平时，在字节传输的最后一个周期拉低CASCIN，器件将在后续字节中通过DIN和
DOUT执行数据传输请求。完成请求传输后，在新命令发出之前，器件将DOUT保持为三态并忽略DIN输
入。CASCIN在SCLK的上升沿移入。不采用菊链方式级联多个器件时，将CASCIN连接至DGND。推荐连接
请参考多器件连接部分。

14 CASCOUT
级联输出。在数据传输最后字节的最后一个周期拉低CASCOUT，指示菊链的下一器件从下个字节开始传输
数据。在SCLK上升沿之后更改CASCOUT状态。不采用菊链方式级联多个器件时，将CASCOUT浮空。请参
考多器件连接部分。

15 CS
低电平有效片选输入。CASCIN为逻辑低时，CS的下降沿触发DIN和DOUT进行数据传输。CS为高电平时将
阻止数据移入DIN，并将DOUT置于高阻状态。

16 SCLK
串行时钟输入。在SCLK的下降沿将DIN数据移入，在SCLK的上升沿将数据移出至DOUT。SCLK空闲时必须
为高电平(CPOL = 1)。

17 DIN 串行数据输入。在SCLK的下降沿将DIN数据移入。

18 DOUT
串行数据输出。CASCIN为低电平时，CS的下降沿使能DOUT驱动；或者CS为低电平时，由CASCIN的下降
沿使能DOUT驱动。CS为高电平，或者响应请求命令时已经传输了相应数量的数据字节后，DOUT被禁用/置
于三态。在SCLK的上升沿将数据移出至DOUT。

19 FAULT
低电平有效过压故障指示输出。模拟输入超过故障门限范围(VPFT和VNFT之间)时，FAULT变为低电
平。FAULT为开漏输出，具有30kΩ内部上拉电阻，允许线或功能。参见模拟输入过压和故障保护部分。

20 OVRFLW
低电平有效通道数据溢出输出。当一路或多路模拟输入通道的转换结果超出正负满量程限定的电压范围时，
或者FAULT变为低电平时，OVRFLW变为低电平。OVRFLW为开漏输出，具有30kΩ内部上拉电阻，允许线
或功能。参见模拟输入过压和故障保护部分。

21 CLKOUT
缓冲时钟输出。配置寄存器中的XTALEN位为1，且在XIN和XOUT之间安装晶体时，CLKOUT提供内部振荡
器时钟的缓冲。如果将XTALEN位置0，则将CLKOUT置于高阻状态。

MAX11040K/MAX11060 

10 Maxim Integrated

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya



24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

                                                                                         引脚说明(续)

引脚 名称 功能

22 DRDYOUT
低电平有效数据就绪输出。DRDYIN  =   0时，DRDYOUT输出逻辑低电平表示有新的转换结果可
用。DRDYOUT在下一个CS下降沿或DRDYIN = 1时变为高电平。参见多器件连接部分。

23 DRDYIN
低电平有效数据就绪输入。DRDYIN的逻辑高电平使DRDYOUT输出逻辑高电平。如果DRDYIN = 0，在出现
新的转换结果时，DRDYOUT输出逻辑低电平。参见多器件连接部分，不采用菊链方式级联多个器件时，将
DRDYIN连接至DGND。

24 SYNC
采样同步输入。SYNC的下降沿同步采样和输出数据，使多个器件同时采样。工作在独立晶体下的多个器件
可以将链路中的最后器件的DRDYOUT连接到所有器件的SYNC输入，实现同步。单个器件工作时，将SYNC
连接至DGND，参见多器件连接部分。

25 XOUT
晶振输出。使用内部振荡器时，在XIN和XOUT之间连接24.576MHz外部晶体或谐振器。使用外部频率驱动
时，XOUT浮空，参见晶振部分。

26 XIN
晶振/时钟输入。使用内部振荡器时，在XIN和XOUT之间连接24.576MHz外部晶体或谐振器，或将XOUT浮
空，用外部时钟驱动XIN，参见晶振部分。

30 AVDD 正模拟电源电压，利用1μF电容与0.01μF电容并联旁路至AGND，电容尽量靠近器件放置。

32 REF3 ADC3缓冲电压基准，利用1μF电容旁路至AGND。

33 AIN3+ 模拟输入通道3，正端。

34 AIN3- 模拟输入通道3，负端。

36 REF2 ADC2缓冲电压基准，利用1μF电容旁路至AGND。

37 AIN2+ 模拟输入通道2，正端。

38 AIN2- 模拟输入通道2，负端。
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Detailed Description
The MAX11040K/MAX11060 are 24-/16-bit, simultane-
ous-sampling, 4-channel, sigma-delta ADCs including
support for synchronized sampling and daisy chaining
of the serial interface across multiple (up to eight)
devices. The serial interface of the set of synchronized
devices behaves as one device. Each channel includes
a differential analog input, a sigma-delta modulator, a
digital decimation filter, an independent programmable
sampling delay, and a buffered reference signal from
the internal or an external reference. The device con-
tains an internal crystal oscillator. The output data rate,

the effective sample rate of the ADC, is software pro-
grammable. 

The devices operate from a single 3.0V to 3.6V analog
supply and a 2.7V to VAVDD digital supply. The 4-wire
serial interface is SPI/QSPI/MICROWIRE and DSP com-
patible.

ADC Modulator
Each channel of the devices performs analog-to-
digital conversion on its input using a dedicated
switched-capacitor sigma-delta modulator. The modula-
tor converts the input signal into low-resolution digital data
for which the average value represents the digitized sig-
nal information at 3.072Msps for a 24.576MHz XIN clock.
This data stream is then presented to the digital filter for
processing to remove the high-frequency noise that cre-
ates a high-resolution 24-/16-bit output data stream.

The input sampling network of the analog input consists
of a pair of 4pF capacitors (CSAMPLE), the bottom
plates of which are connected to AIN_+ and AIN_- dur-
ing the track phase and then shorted together during
the hold phase (see Figure 1). The internal switches
have a total series  of 400Ω. Given a
24.576MHz XIN clock, the switching frequency is
3.072MHz. The sampling phase lasts for 120ns.

MAX11040K
MAX11060

CSAMPLE+

HOLD TO ADC

RONRON

CSAMPLE-

TRACK

TRACK

AIN_+

AIN_-

AVDD/2

Figure 1. Simplified Track/Hold Stage
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                      典型工作电路

                          详细说明
MAX11040K/MAX11060为24/16位、4通道、同时采样
∑-Δ ADC，可通过串口以菊链形式连接多个器件(多达8
片)，实现同步采样。同步器件的串口操作如同单个器件，
每个通道包括一路差分模拟输入、∑-Δ调制器、数字抽样

滤波器、独立可编程采样延迟，以及来自内部或外部基准
的缓冲参考输出。器件具有内部晶振，ADC的输出数据速
率、有效采样率可通过软件编程。

器件工作在3.0V至3.6V单路模拟电源及2.7V至VAVDD数字
电源供电。4线串口兼容于SPI/QSPI/MICROWIRE和DSP。

ADC调制器
器件的每个通道利用专用的开关电容∑-Δ调制器对其输入
进行模/数转换。调制器将输入信号转换成低分辨率数字数
据，XIN时钟为24.576MHz时为3.072Msps，平均值表示
量化信号的信息。然后将数据流送至数字滤波器进行处理，
滤除高频噪声，产生高分辨率24/16位输出数据流。

模拟输入采样网络包括一对4pF电容(CSAMPLE)，电容的一
端在跟踪阶段连接至AIN_+和AIN_-，在保持阶段短路在
一起(见图1)。内部开关的总串联电阻为400Ω。对于给定
的24.576MHz XIN时钟，开关频率为3.072MHz。采样阶
段持续时间为120ns。

图1. 跟踪/保持级简化电路
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数字滤波器
器件具有片上数字低通滤波器，处理来自每个调制器的数
据流，产生高分辨率输出数据。低通滤波器的频率响应由
可编程输出数据速率决定。在标称16ksps输出数据速率
下，滤波器的-3dB带宽为3.4kHz。从0至1.74kHz，通带
平坦度优于±0.1dB。限波锁定在5.75kHz和7.195kHz。这
些频率随输出数据速率线性变化。关于不同数据率下的频
率响应，请参见图2和表1。

由于数字滤波器的传递函数可重复并可预测，能够在后端
软件中修正与频率相关的衰减，参见典型FFT分析中的数
字滤波器衰减补偿部分。传递函数由下式决定：

式中：

Gain为滤波器增益。

fAIN为模拟输入频率。

fSAMPLE为可编程输出数据速率，标称值为16kHz。

fXINCLOCK为XIN上的时钟频率，标称值为24.576MHz。

FIR_Gain (fAIN)是根据以下滤波器系数的归一化FIR滤波器
增益，是模拟输入频率fAIN的函数。将这些系数作用至输
出数据速率：

+ 0.022

- 0.074

- 0.036

+ 0.312

+ 0.552

+ 0.312

- 0.036

- 0.074

+ 0.022
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Digital Filter
The devices contain an on-chip digital lowpass filter
that processes the data stream from each modulator
and generates the high-resolution output data. The low-
pass filter frequency response is determined by the
programmable output data rate. At the nominal 16ksps
output data rate, the -3dB bandwidth of the filter is
3.4kHz. The passband flatness is better than ±0.1dB
from 0 to 1.74kHz. The notches are located at 5.75kHz
and 7.195kHz. These frequencies scale linearly with the
output data rate. See Figure 2 and Table 1 for the fre-
quency response at different data rates.

Since the transfer function of a digital filter is repeatable
and predictable, it is possible to correct for frequency-
dependent attenuation in downstream software. See
the Compensating for the Rolloff of the Digital Filter in a
Typical FFT Analysis section. The transfer function is
defined by the following equation: 

where:

Gain is the filter gain.

fAIN is the analog input frequency.

fSAMPLE is the programmed output data rate, nominally
16kHz.

fXINCLOCK is the clock frequency at XIN, nominally
24.576MHz.

FIR_Gain (fAIN) is the normalized gain of the FIR filter
with the following filter coefficients, as a function of the
analog input frequency fAIN. These coefficients are
applied at the output data rate:
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Table 1. Bandwidth vs. Output Data Rate

OUTPUT DATA
RATE (ksps)

-3dB BANDWIDTH
(kHz)

-0.1dB BANDWIDTH
(kHz)

0.5 0.11 0.05

1 0.21 0.11

2 0.42 0.22

4 0.85 0.43

8 1.69 0.87

10 2.11 1.09

12 2.54 1.31

16 3.38 1.74
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Figure 2. Digital Filter Response图2. 数字滤波器响应

表1. 带宽与输出数据速率的关系

输出数据速率
(ksps)

-3dB带宽
(kHz)

-0.1dB带宽
(kHz)
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Modulator Clock
The modulator clock is created by dividing the frequen-
cy at the XIN input by a factor of 8. The XIN input is dri-
ven either directly by an external clock or by the
on-chip crystal oscillator.

Crystal Oscillator 
The on-chip oscillator requires an external crystal (or
resonator) with a 24.576MHz operating frequency con-
nected between XIN and XOUT, as shown in Figure 3.
As in any crystal-based oscillator circuit, the oscillator
frequency is sensitive to the capacitive load (CL). CL is
the capacitance that the crystal needs from the oscilla-
tor circuit and not the capacitance of the crystal. The
input capacitance across XIN and XOUT is 1.5pF.

Choose a crystal with a 24.576MHz oscillation frequen-
cy and an ESR less than 30Ω, such as the MP35 from
RXD Technologies. See Figure 3 for the block diagram
of the crystal oscillator. Set XTALEN = 1 in the configu-
ration register to enable the crystal oscillator. The 
CLKOUT output provides a buffered version of the
clock that is capable of driving eight devices, allowing
synchronized operation from a single crystal. See the
Multiple Device Synchronization section in the
Applications Information section.

External Clock
To use an external clock, set XTALEN = 0 in the
Configuration register and connect an external clock
source (20MHz–25MHz) to XIN. CLKOUT becomes
high impedance.

Analog Input Overvoltage
and Fault Protection

The full-scale differential input range of the devices is
±0.88VREF. The converter accurately represents any
input for which the positive and negative analog inputs
are separated by a magnitude of less than 0.88VREF.

The device includes special circuitry that protects it
against voltages on the analog inputs up to +6V.
Setting FAULTDIS = 1 disables the protection circuitry.

There are two mechanisms of overvoltage detection
and protection: full-scale overflow and overvoltage
fault. Full-scale overflow occurs if the magnitude of the
applied input voltage on any one or more channels is
greater than 0.88VREF. In this case, the digital output is
clipped to positive or negative full scale and the OVRFLW
flag goes low. Overvoltage fault occurs if the magni-
tude of an applied input voltage on any one or more
channels goes outside the fault-detection thresholds.
The reaction to an overvoltage fault is dependent on
whether the fault-protection circuitry is enabled. If
enabled, the input-protection circuits engage and the
FAULT flag goes low. A full-scale overflow or an over-
voltage fault condition on any one channel does not
affect the output data for the other channels.

The input protection circuits allow up to ±6V relative to
AGND on each input, and up to ±6V differentially
between AIN+ and AIN-, without damaging the devices
only if the following conditions are satisfied: power is
applied, the devices are not in shutdown mode, a clock
frequency of at least 20MHz is available at XIN, and
FAULTDIS = 0. The analog inputs allow up to ±3.5V rel-
ative to AGND when either devices are placed in shut-
down mode, the clock stops, or FAULTDIS = 1.

During an overvoltage fault condition, the impedance
between AIN_+ and AIN_- reduces to as low as 0.5kΩ. 

The output structure and cascading features of FAULT
and OVRFLW are discussed in the Multiple Device
Digital Interface section. 

Analog Input Overflow
Detection and Recovery (OVRFLW)

The OVRFLW flag is set based on the ADC conversion
result. When the applied voltage on one or more analog
inputs goes outside the positive or negative full scale
(±0.88VREF), OVRFLW asserts after a delay defined by
the latency of the converter, coincident with the DRDYOUT
of the full-scale clamped conversion result (see Figure
4). The specifics of the latency are discussed earlier in
the data sheet in the Latency section.

MAX11040K
MAX11060

24.576MHz

20pF

20pF

XIN

XOUT

24.576MHz
OSCILLATOR

Figure 3. Crystal Oscillator Input

调制器时钟
通过将XIN输入上的频率进行8分频，产生调制时钟。XIN
输入由外部时钟直接驱动，或者由片上晶振驱动。

晶振
片上振荡器要求在XIN和XOUT之间连接工作频率为24.576MHz 
的外部晶体(或谐振器)，如图3所示。与任何基于晶体的振
荡器一样，振荡器频率对电容负载(CL)非常敏感。CL为振
荡电路提供给晶体的电容，不是晶体本身的电容。XIN和
XOUT之间的输入电容为1.5pF。 

选择振荡频率为24.576MHz、ESR小于30Ω的晶体，例
如RXD Technologies的MP35。图3所示为晶振方框图，
如果在配置寄存器中设置XTALEN = 1，则使能晶振。
CLKOUT输出提供时钟的缓冲输出，能够驱动8片器件，
允许利用单个晶体实现同步工作，参见应用信息部分的多
个器件同步部分。

外部时钟
使用外部时钟时，在配置寄存器中设置XTALEN = 0，并
将外部时钟源(20MHz-25MHz)连接至XIN。CLKOUT变为
高阻。

模拟输入过压和故障保护
器件的满幅差分输入范围为±0.88VREF。转换器可精确转
换正、负模拟输入幅值之差小于0.88VREF的任意输入。

器件具有专用保护电路，支持高达±6V模拟输入的过压保
护。设置FAULTDIS = 1禁用保护电路。

有两种过压检测和保护机制：满幅溢出和过压故障。如果
任意一路或多路输入电压幅值大于0.88VREF，则发生满幅
溢出。这种情况下，将数字输出箝位至满幅值(正压或负
压)，OVRFLW拉至低电平。如果任意一路或多路输入电
压幅值超出故障检测门限，则发生过压故障。对过压故障
的响应取决于是否使能故障保护电路。如果使能，输入保
护电路动作，触发FAULT输出低电平。任意一路通道上的
满幅溢出或过压故障都不影响其它通道的输出数据。

输入保护电路允许每路输入作用高达±6V的电压(以AGND
为参考)，AIN+和AIN-之间的差分电压可达±6V，只要满
足以下条件就不会损坏器件：已加电、器件处于非关断模
式、在XIN上提供至少20MHz的时钟频率以及FAULTDIS 
= 0。如果器件处于关断模式、时钟停止或FAULTDIS = 1
时，模拟输入所允许的电压可达±3.5V (以AGND为参考)。

过压故障期间，AIN_+和AIN_-之间的阻抗减小至0.5kΩ。

FAULT和OVRFLW的输出结构和级联功能在多器件数字接
口部分讨论。

模拟输入溢出检测和恢复(OVRFLW)
根据ADC转换结果设置OVRFLW标识。一路或多路模拟输
入的电压超出正或负满幅值(±0.88VREF)时，在转换器规定
的延迟后触发OVRFLW报警输出，与满幅箝位转换结果的
DRDYOUT一致(见图4)。延迟技术指标在数据资料的延迟
部分讨论。

图3. 晶振输入
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When the analog input voltage changes between the
ADC full scale and the fault threshold faster than the
latency of the converter, OVRFLW goes low with the
FAULT output. OVRFLW remains invalid until a valid
clock frequency is available at XIN.

Overvoltage-Fault Detection and Recovery (FAULT)
With overvoltage-fault protection enabled (FAULTDIS =
0), FAULT immediately transitions from a high to low
when any of the analog inputs go outside the voltage
range bounded by the fault-detection thresholds VPFT
and VNFT. 

Once the analog inputs return back within the fault
thresholds, the FAULT interrupt output goes high after a
delay called the fault-recovery time. The fault-recovery
time is:

20 x tDOUT < fault-recovery time < 25 x tDOUT

where tDOUT is the data output period determined by
fXINCLOCK and the selected output data rate.

In the event the analog input voltage changes between
the ADC full scale and the fault threshold faster than

the latency of the converter, the ADC conversion result
prematurely jumps to the full-scale value when a fault is
detected (see Detection Discontinuity in Figure 4).
During a fault condition and the subsequent fault-
recovery time, the ADC conversion result remains at full
scale. This creates a discontinuity in the digital conver-
sion result only if the fault recovery time is greater than
the latency plus the time that the input changes
between the fault threshold and the ADC full scale (see
Recovery Discontinuity in Figure 4). Neither of these
steps occur if the fault-protection circuitry is disabled
(FAULTDIS = 1), or if the input is slow relative to the
above descriptions (see Figure 5).

For data rates faster than 32ksps (FSAMPC = 111), the
converter output may contain invalid data for up to
188μs after FAULT returns high. To prevent this behav-
ior, disable the overvoltage-fault protection by setting
the FAULTDIS bit in the configuration register to 1 when
using FSAMPC = 111, and limit the analog input swing
to ±3.5V.

|AIN+ - AIN-|

LATENCY

LATENCY LATENCY

DETECTION
DISCONTINUITY

RECOVERY
DISCONTINUITY

FULL SCALE
(|0.88VREF|)

FAULT-DETECTION
THRESHOLD 

(VPFT OR |VNFT|)

RECOVERY TIME

LATENCY

FAULT

OVRFLW

DIGITAL OUTPUT
DATA AT DOUT

Figure 4. High-Frequency Analog Input Overvoltage Detection and Recovery

模拟输入电压在ADC满幅值和故障门限之间的变化速度快
于转换器的响应时间时，OVRFLW将随着FAULT输出变为
低电平。在XIN出现有效的时钟频率之前，OVRFLW保持
低电平。

过压故障检测和恢复(FAULT)
使能过压故障保护时(FAULTDIS = 0)，如果任意模拟输入
超出故障检测门限VPFT和VNFT限定的电压范围，FAULT立
即从高电平转换为低电平。

一旦模拟输入返回至故障门限之内，FAULT中断输出在经
过延迟(称为故障恢复时间)后变为高电平。故障恢复时间
为：

20 x tDOUT < 故障恢复时间 < 25 x tDOUT

式中，tDOUT为数据输出周期，由fXINCLOCK和所选的输出
数据速率决定。

如果模拟输入电压在ADC满幅值和故障门限之间的变化快
于转换器的响应时间，检测到故障时，ADC转换结果将
提前跳至满幅值(见图4中的Detection Discontinuity)。在
故障条件及随后的故障恢复期间，ADC转换结果保持满幅
值。只要故障恢复时间大于转换器响应时间与输入在故障
门限和ADC满幅之间变化时间之和，就会造成数字转换结
果的不连续(见图4中的Recovery Discontinuity)。如果禁
用故障保护电路(FAULTDIS = 1)，或者输入信号的变化相
对慢于上述情况，都不会发生这些阶跃(见图5)。

对于32ksps  (FSAMPC = 111)以上的数据率，在FAULT返
回高电平之后最长188μs的时间内，转换器输出可能包含
无效的数据。为防止这种情况，使用FSAMPC = 111时，
通过将配置寄存器中的FAULTDIS位置1，禁用过压故障保
护，并将模拟输入摆幅限制为±3.5V。

图4. 高频模拟输入过压检测和恢复
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基准
器件可采用内部+2.5V带隙基准或施加至REFIO的+2.3V
至+2.7V外部基准源工作。利用1μF电容将REFIO和每个
REF_旁路至AGND。基准电压按照以下公式设置正和负满
幅电压：

±FS = ±0.88 VREFIO
REFIO  (外部或内部)上的基准电压具有独立缓冲，在REF0
至REF3上产生基准电压(见图6)。这些独立缓冲器将每路
内部ADC之间的串扰可能性降至最低。

串口
器件接口完全兼容SPI/DSP标准串行接口(兼容SPI模式
CPOL =  1，CPHA =  0)。串口可访问4个片上寄存器：采
样时刻控制寄存器(32位)、数据率控制寄存器(16位)、配
置寄存器(8位)、数据寄存器(96位)。所有串行接口命令以
命令字节开始(寻址特定寄存器)，后边跟数据字节，长度
取决于寻址的寄存器和级联的器件数量(见图7、图8以及
寄存器部分)。

串口包括8个信号：CS、SCLK、DIN、DOUT、CASCIN、 
CASCOUT、DRDY IN和DRDYOUT。CASC IN、
CASCOUT、DRDYIN和DRDYOUT用 于菊链级联多个
器件。关于如何连接CASCIN、CASCOUT、DRDYIN和
DRDYOUT的详细信息，请参见多器件连接部分。对于

单器件应用，将CASCIN和DRDYIN连接至DGND，将CS 
驱动为低电平，以将数据输入至器件或从器件输出。
DRDYIN为低电平时，数据就绪信号输出(DRDYOUT)的下
降沿表示在96位数据寄存器中出现新的转换结果。SCLK
时钟的下降沿将DIN上的数据移入。DOUT上的数据在
SCLK的上升沿变化，在SCLK的下降沿有效。DIN和DOUT
先传输MSB。将CS驱动为高电平禁用接口并将DOUT置于
高阻态。

M

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

|AIN+ - AIN-|

FULL SCALE
(|0.88VREF|)
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LATENCY
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DIGITAL OUTPUT
DATA AT DOUT
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Figure 5. Low-Frequency Analog Input Overvoltage Detection and Recovery

Reference
The devices operate with either a +2.5V internal
bandgap reference or an external reference source
between +2.3V and +2.7V applied at REFIO. Bypass
REFIO and each REF_ to AGND with a 1μF capacitor.
The reference voltage sets the positive and negative
full-scale voltage according to the following formula:

±FS = ±0.88 VREFIO

The reference voltage at REFIO (external or internal) is
individually buffered to generate the reference voltages
at REF0 to REF3 (see Figure 6.) These independent
buffers minimize the potential for crosstalk between
each of the internal ADCs.

Serial Interface
The devices’ interface is fully compatible with SPI/DSP
standard serial interfaces (compatible with SPI modes
CPOL = 1, CPHA = 0). The serial interface provides
access to four on-chip registers: Sampling Instant
Control register (32 bits), Data Rate Control register (16
bits), Configuration register (8 bits), and Data register
(96 bits). All serial-interface commands begin with a
command byte, which addresses a specific register,
followed by data bytes with a data length that depends
on the specific register addressed and the number of

devices cascaded (see Figures 7, 8, and the Registers
section).

The serial interface consists of eight signals: CS,
SCLK, DIN, DOUT, CASCIN, CASCOUT, DRDYIN,
and DRDYOUT. CASCIN, CASCOUT, DRDYIN, and
DRDYOUT are used for daisy chaining multiple devices
together. See the Multiple Device Connection section
for details on how to connect CASCIN, CASCOUT,

+2.5V
REFERENCE

REFIO

REF3

REF2

REF1

REF0

Figure 6. REFIO Input图6. REFIO输入

M

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs
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Figure 5. Low-Frequency Analog Input Overvoltage Detection and Recovery

Reference
The devices operate with either a +2.5V internal
bandgap reference or an external reference source
between +2.3V and +2.7V applied at REFIO. Bypass
REFIO and each REF_ to AGND with a 1μF capacitor.
The reference voltage sets the positive and negative
full-scale voltage according to the following formula:

±FS = ±0.88 VREFIO

The reference voltage at REFIO (external or internal) is
individually buffered to generate the reference voltages
at REF0 to REF3 (see Figure 6.) These independent
buffers minimize the potential for crosstalk between
each of the internal ADCs.

Serial Interface
The devices’ interface is fully compatible with SPI/DSP
standard serial interfaces (compatible with SPI modes
CPOL = 1, CPHA = 0). The serial interface provides
access to four on-chip registers: Sampling Instant
Control register (32 bits), Data Rate Control register (16
bits), Configuration register (8 bits), and Data register
(96 bits). All serial-interface commands begin with a
command byte, which addresses a specific register,
followed by data bytes with a data length that depends
on the specific register addressed and the number of

devices cascaded (see Figures 7, 8, and the Registers
section).

The serial interface consists of eight signals: CS,
SCLK, DIN, DOUT, CASCIN, CASCOUT, DRDYIN,
and DRDYOUT. CASCIN, CASCOUT, DRDYIN, and
DRDYOUT are used for daisy chaining multiple devices
together. See the Multiple Device Connection section
for details on how to connect CASCIN, CASCOUT,

+2.5V
REFERENCE

REFIO

REF3

REF2

REF1

REF0

Figure 6. REFIO Input

图5. 低频模拟输入过压检测和恢复
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DRDYIN, and DRDYOUT. For single-device applications,
connect CASCIN and DRDYIN to DGND and drive CS
low to transfer data in and out of the devices. With
DRDYIN low, a falling edge at the data-ready signal out-
put (DRDYOUT) indicates that new conversion results
are available for reading in the 96-bit data register. A
falling edge on SCLK clocks in data at DIN. Data at
DOUT changes on the rising edge of SCLK and is valid
on the falling edge of SCLK. DIN and DOUT are trans-

ferred MSB first. Drive CS high to disable the interface
and place DOUT in a high-impedance state.

An interface operation with the devices takes effect on
the last rising edge of SCLK. If CS goes high before the
complete transfer, the write is ignored. Every data
transfer is initiated by the command byte. The com-
mand byte consists of an R/W bit and 7 address bits
(see Table 2.) Figures 7 and 8 show the timing for read
and write operations, respectively.

tCSW

SCLK

CS

DIN

DOUT

DRDYIN

HIGH-Z HIGH-Z
B7 B6 B5 B4 B3 B2 B1 B0

tSU tSCP

tDCD

tCSH1tSU

tDOE

tDRDY

DATA READY

tHD

COMMAND ADDRESS

tDOT

tPW

tPW

R/W A6 A5 A3 A2 A1 A0A4

DATA LENGTH (NUMBER OF BYTES) DEPENDS
ON THE REGISTER BEING READ (SEE TABLE 2)

DRDYOUT

Figure 7. General Read-Operation Timing Diagram

DOUT
HIGH-Z HIGH-Z

tCSW

tSU

tHD

tSU
tPW tSCP

tPW

tCSH1

CS

DIN

SCLK

A6 A5 A3 A2 A1 A0 B7 B6 B5 B4 B3 B2 B1R/W B0

DATA LENGTH (NUMBER OF BYTES) DEPENDS ON
THE REGISTER BEING WRITTEN (SEE TABLE 2)

A4

Figure 8. General Write-Operation Timing Diagram

图7. 通用读操作时序图

图8. 通用写操作时序图

对器件的接口操作在SCLK的最后一个上升沿有效。如果
CS在完成传输之前变为高电平，则忽略写操作。命令字节

发起每次数据传输。命令字节包括1个R/W位和7个地址位
(见表2)，图7和图8所示分别为读/写操作的时序。
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Registers
The devices include four registers accessible by 7
command bytes. The command bytes provide read
and write access to the Data Rate Control register, the
Sampling Instant Control register, and the Configuration
register, and read access to the Data register. See
Table 2. Figure 9 shows the CASCIN and CASOUT 
timing diagram. Figure 10 is the XIN clock, CLKOUT,
SYNC, and DRDYOUT timing diagram.

Table 2. Command Bytes

R/W
ADDRESS

[A6:A0]
DATA

LENGTH*
FUNCTION

0 1000000 32 x n** bits
Write Sampling Instant
Control Register

1 1000000 32 x n bits
Read Sampling Instant
Control Register

0 1010000 16 bits
Write Data-Rate Control
Register

1 1010000 16 bits
Read Data-Rate Control
Register

0 1100000 8 x n bits
Write Configuration
Register

1 1100000 8 x n bits
Read Configuration
Register

1 1110000 96 x n bits Read Data Register

*All data lengths are proportional to the number of cascaded
devices except for reads and writes to the Data Rate Control
register. When accessing the Data Rate Control register, the
data length is fixed at 16 bits. These 16 bits are automatically
written to all cascaded devices.

**n is the total number of cascaded devices.

SCLK

CASCOUT
(DEVICE n)

CASCIN
(DEVICE n+1)

tSC

tCOT

Figure 9. CASCIN and CASCOUT Timing Diagram

XIN CLOCK

SYNC

CLKOUT

DRDYOUT

tXP tXPW

tXCD

tSS

tHS

tXDRDYtSYN

Figure 10. XIN Clock, CLKOUT, SYNC, and DRDYOUT Timing
Diagram

图9. CASCIN和CASCOUT时序图

图10. XIN时钟、CLKOUT、SYNC和DRDYOUT时序图

*除读和写数据率控制寄存器之外，所有数据长度与级联器件的数
量成比例。访问数据率控制寄存器时，数据长度固定为16位。所 
有16位自动写至全部级联器件。

**n为级联器件的总数量。

寄存器
器件包括4个寄存器，可通过7个命令字节进行存取。命
令字节提供对数据率控制寄存器、采样时刻控制寄存器和
配置寄存器的读和写操作，提供对数据寄存器的读操作，
参见表2。图9所示为CASCIN和CASOUT时序图，图10为
XIN时钟、CLKOUT、SYNC和DRDYOUT时序图。

表2. 命令字节

R/W
地址

[A6:A0]
数据长度* 功能

0 1000000 32 x n**位 写采样时刻控制寄存器

1 1000000 32 x n位 读采样时刻控制寄存器

0 1010000 16位 写数据率控制寄存器

1 1010000 16位 读数据率控制寄存器

0 1100000 8 x n位 写配置寄存器 

1 1100000 8 x n位 读配置寄存器

1 1110000 96 x n位 读数据寄存器 
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

采样时刻控制寄存器
默认设置下，器件对4路输入同时采样。为了延迟一路或
多路通道上的采样时刻，设置采样时刻控制寄存器中的相
应字节。每路通道的实际采样时刻相对于默认采样时刻的
延迟(PHI_[7:0] = 0x00)可在32至819,121个XIN时钟周期之 

间调节，当fXINCLOCK为24.576MHz时，相当于1.3μs至333μs 
(见表3)。

配置寄存器
配置寄存器包括5位，控制器件的功能。默认状态为0x00。

配置寄存器的数据长度为8位/级联器件(见表4)。

表3. 采样时刻控制寄存器

表4. 配置寄存器

位 名称 说明

[31:24] PHI0[7:0]
通道0采样时刻调节。PHI0的每个LSB将通道0的采样时刻延迟32个XIN时钟周期，最多8192个周期(1.3μs分
辨率；XIN为24.576MHz时，范围为333μs)。

[23:16] PHI1[7:0]
通道1采样时刻调节。PHI1的每个LSB将通道1的采样时刻延迟32个XIN时钟周期，最多8192个周期(1.3μs分
辨率；XIN为24.576MHz时，范围为333μs)。

[15:8] PHI2[7:0]
通道2采样时刻调节。PHI2的每个LSB将通道2的采样时刻延迟32个XIN时钟周期，最多8192个周期(1.3μs分
辨率；XIN为24.576MHz时，范围为333μs)。

[7:0] PHI3[7:0]
通道3采样时刻调节。PHI3的每个LSB将通道3的采样时刻延迟32个XIN时钟周期，最多8192个周期(1.3μs分
辨率；XIN为24.576MHz时，范围为333μs)。

位 名称 说明

7 SHDN
关断位。将SHDN设置为高时，将器件置于关断模式。关断模式下，关闭内部振荡器、故障保护电路和内部
带隙基准。将SHDN设置为低电平时正常工作。

6 RST 复位位。如果将RST设置为高，除RST位外，全部寄存器复位为默认状态，重新对齐采样时钟和输出数据。

5 EN24BIT
MAX11040K的24位分辨率使能位。将EN24BIT设置为高时，使能24位数据输出。将EN24BIT设置为低时，使 
能19位数据输出，包括器件地址和通道地址标签。表5和表6所示为该位在两种状态下的数据寄存器。对于
MAX11060，设置为0。

4 XTALEN
内部振荡器使能位。使用片上晶振作为时钟源时，将XTALEN设置为高，使能晶振，在CLKOUT输出提供晶振
时钟的缓冲版本。使用外部时钟源时，将XTALEN设置为低，禁用内部晶振，并使CLKOUT输出为三态。将 
外部时钟源连接至XIN输入。

3 FAULTDIS

过压故障保护禁用位。将FAULTDIS设置为高时，禁用过压故障保护电路。对于FAULTDIS = 0，绝对最大输
入范围为±6V。超过故障检测门限范围的模拟输入触发故障保护电路。输入返回至故障检测门限范围之内后的
故障恢复时间(典型值 < 1.57ms)内，输出保持箝位。对于FAULTDIS = 1，绝对最大输入范围仅为±3.5V，但 
是没有故障恢复延迟。请参见过压故障检测和恢复(FAULT)部分。

2 PDBUF
PDBUF = 1时，禁用内部基准缓冲器。使用外部基准时，采用该模式；否则，应将PDBUF设置为0，以使能
内部基准缓冲器。

[1:0] 保留 必须设置为0。
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

数据寄存器
数据寄存器包含ADC转换的结果，转换结果的格式为二进
制补码。根据配置寄存器中EN24BIT的设置，寄存器包含
1组或2组信息。EN24BIT设置为0时，数据寄存器包含19
位的ADC数据，后边跟器件和通道地址(见表5)。EN24BIT
设置为1时，数据寄存器包含的数据表示24位转换结果(见

表6)。对于每个级联器件，数据寄存器的数据长度为96位。
图11所示为两个级联器件时，所有通道的转换结果输出顺
序。表7所示为MAX11060的数据寄存器。

如果在完成下次转换之前未读回结果，数据被覆盖。

表5. 数据寄存器(EN24BIT = 0) (MAX11040K)

表7. 数据寄存器(MAX11060)

表6. 数据寄存器(EN24BIT = 1) (MAX11040K)

位 名称 说明

[95:77] CH0DATA[18:0] 通道0的19位转换结果(二进制补码) 

[76:74] IC[2:0] 器件地址标签。对于最靠近主控制器的器件，IC[2:0]以000开始。

[73:72] 00 通道0地址标签 = 00

[71:53] CH1DATA[18:0] 通道1的19位转换结果(二进制补码)

[52:50] IC[2:0] 器件地址标签。对于最靠近主控制器的器件，IC[2:0]以000开始。

[49:48] 01 通道1地址标签 = 01 

[47:29] CH2DATA[18:0] 通道2的19位转换结果(二进制补码) 

[28:26] IC[2:0] 器件地址标签。对于最靠近主控制器的器件，IC[2:0]以000开始。

[25:24] 10 通道2地址标签 = 10

[23:5] CH3DATA[18:0] 通道3的19位转换结果(二进制补码)

[4:2] IC[2:0] 器件地址标签。对于最靠近主控制器的器件，IC[2:0]以000开始。

[1:0] 11 通道3地址标签 = 11 

位 名称 说明

[95:80] CH0DATA[15:0] 通道0的16位转换结果(二进制补码)

[79:77] 000 —

[76:74] IC[2:0] 器件地址标签。对于最靠近主控制器的器件，IC[2:0]以000开始。

[73:72] 00 通道0地址标签 = 00 

[71:56] CH1DATA[15:0] 通道1的16位转换结果(二进制补码) 

[55:53] 000 — 

[52:50] IC[2:0] 器件地址标签。对于最靠近主控制器的器件，IC[2:0]以000开始。

[49:48] 01 通道1地址标签 = 01 

[47:32] CH2DATA[15:0] 通道2的16位转换结果(二进制补码)

位 名称 说明

[95:72] CH0DATA[23:0] 通道0的24位转换结果(二进制补码)

[71:48] CH1DATA[23:0] 通道1的24位转换结果(二进制补码)

[47:24] CH2DATA[23:0] 通道2的24位转换结果(二进制补码)

[23:0] CH3DATA[23:0] 通道3的24位转换结果(二进制补码)
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

6
0

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

Data Rate Control Register
The Data Rate Control register controls the output data
period, which corresponds to the output data rate of
the ADC. The data period is controlled by both a
coarse (FSAMPC[2:0]) and a fine (FSAMPF[10:0])
adjustment (see Table 8).

The final data rate is derived by dividing the XIN clock
frequency by a divider value. The divider value is a
function of FSAMPC[2:0] and FSAMPF[10:0]: 

Data Rate = fXINCLOCK/Divider

Divider = Coarse Cycle Factor x 384 + Fine Cycle
Factor x FSAMPF[10:0]

Note: Fractional results for the divider are rounded
down to the nearest integer. Coarse cycle factor and
fine cycle factor come from Table 8. The effect of
FSAMPF[10:0] in the formula has limitations as noted in
the table.

Examples of output data rate vs. FSAMPC[2:0] and
FSAMPF[10:0] are shown in Table 9. Table 10 shows
typical device performance for various data rate settings. 

CS

DIN

SCLK

DOUT

CASCOUT0
(CASCIN0 = 0)

DRDYOUT0
(DRDYIN0 = 0)

DRDYOUT1

CASCOUT1

DEVICE 0 DATA READY

DEVICE 0 AND DEVICE 1 DATA READY

24 CYCLES

CHANNEL 0
DEVICE 0

CHANNEL 1
DEVICE 0

CHANNEL 2
DEVICE 0

CHANNEL 3
DEVICE 0

CHANNEL 0
DEVICE 1

CHANNEL 1
DEVICE 1

CHANNEL 2
DEVICE 1

CHANNEL 3
DEVICE 1

24 CYCLES 24 CYCLES 24 CYCLES 24 CYCLES 24 CYCLES 24 CYCLES 24 CYCLES

DEVICE 1 TAKES OVER SPI BUS

Figure 11. 192-Bit Data Read Operation Diagram for Two Cascaded Devices

Table 7. Data Register (MAX11060) (continued)
BIT NAME DESCRIPTION

[31:29] 000 —

[28:26] IC[2:0] Device address tag. IC[2:0] starts with 000 for the device nearest the master.

[25:24] 10 Channel 2 address tag = 10

[23:8] CH3DATA[15:0] Channel 3 16-bit conversion result (two’s complement)

[7:5] 000 —

[4:2] IC[2:0] Device address tag. IC[2:0] starts with 000 for the device nearest the master.

[1:0] 11 Channel 3 address tag = 11

表7. 数据寄存器(MAX11060) (续)

位 名称 说明

[31:29] 000 — 

[28:26] IC[2:0] 器件地址标签。对于最靠近主控制器的器件，IC[2:0]以000开始。

[25:24] 10 通道2地址标签 = 10

[23:8] CH3DATA[15:0] 通道3的16位转换结果(二进制补码) 

[7:5] 000 —

[4:2] IC[2:0] 器件地址标签。对于最靠近主控制器的器件，IC[2:0]以000开始。

[1:0] 11 通道3地址标签 = 11 

数据率控制寄存器
数据率控制寄存器控制输出数据周期，与ADC的输出数据
速率一致。数据周期由一个粗调(FSAMPC[2:0])和一个细
调(FSAMPF[10:0])控制(见表8)。

用分频比对XIN时钟频率进行分频，得到最终数据率。分
频比是FSAMPC[2:0]和FSAMPF[10:0]的函数：

数据率 = fXINCLOCK/分频比

分频比 = 粗调周期系数 x 384 + 细调周期系数 x 
FSAMPF[10:0]

注：分频的小数结果四舍五入至最接近的整数。粗调周期
系数和细调周期系数取自表8。公式中FSAMPF[10:0]的作
用具有表中所述的限制。

表9所示为输出数据速率与FSAMPC[2:0]及FSAMPF[10:0]
的关系示例。表10所示为器件在不同数据率设置下的典型
性能。

图11. 两个级联器件时的192位数据读操作示意图

Maxim Integrated 21

MAX11040K/MAX11060 

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya



24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC0

6
0

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

22 ______________________________________________________________________________________

DRDYOUT

CS

DATA READ

CHANGE DATA RATE

1 2 15 16 17

DATA AT THE OLD
DATA RATE

DATA AT THE NEW
DATA RATE

Figure 12. Timing Diagram for a Data-Rate Change

The data length of the Data-Rate Control register is 16
bits total for writes and reads (see Table 2). Changes to
the Data-Rate Control register take effect after 16 con-
version periods (Figure 12), i.e., the ADC continues to
operate at the old data rate for another 16 periods. Also,
the last sample at the old data rate (sample 16 in Figure
12) may contain some noise component and should be
discarded. Changes in data rate should be limited to
±5% for correct operation. The data rate register should
not be updated more than once every 32 data rate peri-
ods. 

Note: Write to the data rate register in the time window of
10ns after the rising edge of DRDYOUT and 100ns
before the falling edge of DRDYOUT.

The digital filter determines the latency. Latency is
defined as the time between the effective point in time
that a sample is taken and when the resulting digital data

is available for reading (DRDYOUT goes low). The laten-
cy of the converter is specified by the following equation:

Latency = (6 x tDOUT) + (PHI x 1.3μs) + 30μs

where tDOUT is the data output period (inverse of the
programmed sample rate) determined by XINCLOCK
and the selected output data rate, and PHI is the pro-
grammed sampling instant delay for the channel in ques-
tion (0 ≤ PHI ≤ 255). The latency is approximately 405μs
at 16ksps.

Because the two filters operate at different output data
rates, a skew builds up between them over the 16 sam-
ples that both are in operation. For example, at 30ksps,
the minimum data rate step size is 0.125%; so over 16
samples, the difference becomes 2%. This causes the
period from sample 16 to sample 17 to be different by
this amount.

对于读和写操作，数据率控制寄存器的数据长度共为16位
(见表2)。对数据率控制寄存器的更改在16个转换周期后生
效(图12)，即ADC以原来的数据率继续工作16个周期。并
且，以原来数据率采样的最后一次采样(图12中的采样16)
可能含有噪声分量，应丢弃。为确保正确工作，数据率变
化应限制在±5%。数据率寄存器在每32个数据率周期内
的更新不应超过1次。

注：在DRDYOUT上升沿之后10ns至DRDYOUT下降沿之
前100ns的时间窗口内写数据率寄存器。

数字滤波器决定延迟。延迟定义为发生采样的有效时间点
至产生可供读取数字数据(DRDYOUT变为低电平)之间的
时间。转换器的延迟由下式规定：

延迟 = (6 x tDOUT) + (PHI x 1.3μs) + 30μs

式中，tDOUT为数据输出周期(设置的采样率的倒数)，由
XINCLOCK和所选的输出数据速率决定；PHI为设置的相
应通道的采样时刻延迟(0 ≤ PHI ≤ 255)。16ksps时，延
迟为大约405μs。

由于两个滤波器工作在不同的输出数据速率，在两者同时
工作的16次采样期间，会累积形成延迟。例如，30ksps
时，最小数据率步长为0.125%；经过16次采样后差距为
2%。这就造成从采样16至采样17的差距总量为2%。

图12. 数据率变化时序图
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

表8. 数据率控制寄存器

位 名称 说明

[15:13] FSAMPC[2:0]

输出数据速率粗调位，FSAMPC[2:0]设置粗调周期系数。

FSAMPC 粗调周期系数
采样率，单位为ksps

(fXINCLOCK = 24.576MHz)

000 4 16

001 128 0.5

010 64 1

011 32 2

100 16 4

101 8 8

110 2 32

111 1 64

[12:11] 保留 设置为0。

[10:0] FSAMPF[10:0]

输出数据速率细调位。FSAMPF[10:0]将输出数据周期增大一定数量的XIN时钟周期，增大的时钟周期
数量等于寄存器值乘以细调周期系数，大于1535的FSAMPF值无效。

FSAMPC XIM细调周期系数

000 1个周期

001 32个周期

010 16个周期

011 8个周期

100 4个周期

101 2个周期

110 1个周期

111 1个周期

表9. 示例：输出数据速率为FSAMPC[2:0]和FSAMPF[10:0]的函数

FSAMPC[2:0] FSAMPF[10:0] 输出数据速率(sps)
输出数据周期

(24.576MHz时钟周期)
FSAMPF输出数据周期分辨率 

(24.576MHz时钟周期)

001

11xxxxxxxxx 250.1 98272

32
10111111111 250.1 98272

00000000001 499.7 49184

00000000000 500.0 49152

010

11xxxxxxxxx 500.2 49136

16
10111111111 500.2 49136

00000000001 999.3 24592

00000000000 1000.0 24576

011

11xxxxxxxxx 1000.3 24568

8
10111111111 1000.3 24568

00000000001 1998.7 12296

00000000000 2000.0 12288
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC
表9. 示例：输出数据速率为FSAMPC[2:0]和FSAMPF[10:0]的函数(续)

FSAMPC[2:0] FSAMPF[10:0] 输出数据速率(sps)
输出数据周期

(24.576MHz时钟周期)
FSAMPF输出数据周期分辨率 

(24.576MHz时钟周期)

100

11xxxxxxxxx 2000.7 12284

4
10111111111 2000.7 12284

00000000001 3997.4 6148

00000000000 4000.0 6144

101

11xxxxxxxxx 4001.3 6142

2
10111111111 4001.3 6142

00000000001 7994.8 3074

00000000000 8000.0 3072

000

11xxxxxxxxx 8002.6 3071

1
10111111111 8002.6 3071

00000000001 15990 1537

00000000000 16000 1536

110

11xxxxxxxxx 16010 1535

1
1011111111x 16010 1535

0000000001x 31958 769

0000000000x 32000 768

111

11xxxxxxxxx 32042 767

1
101111111xx 32042 767

000000001xx 63834 385

000000000xx 64000 384

表10. 典型性能与输出数据速率的关系

输出数据速率
(ksps)

-3dB带宽
(kHz)

-0.1dB带宽
(kHz)

延迟(μs)
故障恢复时间

(μs)
24位数据的
SNR (dB)

256个数据点的
相对精度(%)

60Hz时单个
周期的相对精

度(%)

0.5 0.11 0.05 12030 16375 117 0.04 0.23

1 0.21 0.11 6030 8375 115 0.05 0.20

2 0.42 0.22 3030 4375 113 0.06 0.17

4 0.85 0.43 1530 2375 111 0.08 0.16

8 1.69 0.87 780 1375 108 0.11 0.16

10 2.11 1.09 630 1175 107 0.13 0.16

12 2.54 1.31 530 1042 106 0.14 0.16

16 3.38 1.74 405 875 105 0.16 0.16

32 6.78 3.48 218 625 97 0.40 0.28

64 13.5 6.96 124 500 81 2.51 1.26
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Figure 13. Daisy Chaining Multiple Devices
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Multiple Device Connection
Daisy chain up to eight devices for applications that
require up to 32 simultaneously sampled inputs over a
single SPI-/DSP-compatible serial interface with a single
chip-select signal, and single interface commands that
apply to all devices in the chain. The eight devices effec-
tively operate as one device.

There are two aspects to cascading multiple devices:
the digital interface and the mechanism for keeping
multiple devices sampling simultaneously.

There are many configurations for connecting multiple
devices; one is described in the next section, others
are described in the Synchronizing Multiple Devices
section within the Applications Information section. 

Multiple Device Digital Interface
Figure 13 shows the most common way to daisy chain
the digital interface of multiple devices.

SPI bus arbitration is performed using CASCIN and
CASCOUT. A falling edge at the CASCIN input of device

n, which is driven by the CASCOUT of device n-1,
allows device n to take over the SPI bus until all expect-
ed data is written or read; at this point, device n pulls its
CASCOUT output low. Similarly, CASCOUT of device n
drives CASCIN of device n+1. Figures 12 and 14 show
read operations, including CASCIN and CASCOUT tim-
ings, for two cascaded devices and eight cascaded
devices, respectively. The operation described above
applies to all register operations except for writes to the
Data-Rate Control register. A fixed 16-bit word is written
to the Data-Rate Control registers of all devices in the
chain, independent of the number of cascaded devices
(see Figure 15). Reading from the Data-Rate Control
register returns 16 bits per cascaded device.

Connecting the open-drain OVRFLW output of all
devices together creates one signal that summarizes
the overflow information of all devices. This is also true
of the FAULT output. Connecting together these out-
puts from multiple devices has the effect of a “wire
NOR.” Any device that has an active condition on these
outputs is allowed to pull the line low.

多器件连接
对于需要多达32路同时采样的应用，能够以菊链形式连接
多达8片器件，通过一个SPI/DSP兼容串行接口以及一个片
选信号和接口命令应用到链中的所有器件。8片器件实际
上作为一片器件工作。

级联多个器件有两个方面：数字接口和保证多个器件同时
采样的机制。

连接多个器件的配置有多种：其中一种配置在下一节介绍，
其它配置在应用信息部分的多个器件同步部分介绍。

多器件数字接口
图13所示为菊链多个器件的数字接口常见方式。

SPI总线仲裁由CASCIN和CASCOUT实现。器件n的CASCIN 
输入(由器件n-1的CASCOUT驱动)下降沿允许器件n接管

SPI总线，直到读或写完全部预期数据；此时，器件n将其
CASCOUT输出拉低。同样，器件n的CASCOUT驱动器件
n+1的CASCIN。图12和图14分别为2个级联器件和8个级
联器件时的读操作，包括CASCIN和CASCOUT定时。除写
数据率控制寄存器外，以上所述的操作适用于全部寄存器
操作。固定16位字写入至链中所有器件的数据率控制寄存
器，与级联器件的数量无关(图15)。读数据率控制寄存器
时，每个级联器件返回16位。

将全部器件的开漏OVRFLW输出连接在一起变成一个信
号，用于汇总全部器件的溢出信息。FAULT输出也是如此。
将多个器件的这些输出连接在一起，具有“线或”的效果。
允许该输出有效的任何器件将线拉低。

图13. 多个器件的菊链配置

Maxim Integrated 25

MAX11040K/MAX11060 

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya



24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC0

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

26 ______________________________________________________________________________________

DIN

SCLK

DOUT

tCSW

CASCOUT0
(CASCIN0 = 0)

CASCOUT1

CASCOUT2

CASCOUT3

CASCOUT4

CASCOUT5

CASCOUT6

CASCOUT7

CS

DEVICE 0 DEVICE 1 DEVICE 2 DEVICE 3 DEVICE 4 DEVICE 5 DEVICE 6 DEVICE 7

Figure 14. Configuration Register Read Operation Timing Diagram for Eight Cascaded Devices

There are two ways to use a single line to indicate that
all devices have their data ready, depending on
whether they are clocked synchronously. If all devices
have the same XIN clock and have been synchronized
using SYNC or reset commands, the DRDYOUT of any
device in the chain is used to represent all of them.
Alternatively, if the devices use a different XIN clock,

connect DRDYIN of device 0 to ground, and connect
DRDYIN of device n to the DRDYOUT of device n-1 for
all devices. DRDYOUT does not go low until DRDIN is
low and the conversion of the device is complete. In this
configuration, DRDYOUT of the last device goes low only
when all devices in the chain have their data ready. 

用单线指示所有器件数据已经就绪的方法有两种，取决于
其时钟是否同步。如果所有器件采用相同的XIN时钟并利
用SYNC或复位命令同步，链中任何器件的DRDYOUT均
可用来代表所有器件。另外，如果器件采用不同的XIN时
钟，将器件0的DRDYIN连接至地，对于所有器件，将器件

n的DRDYIN连接至器件n-1的DRDYOUT。只有DRDYIN为
低电平且器件完成转换后，DRDYOUT才变成低电平。这
种配置下，链中全部器件的数据就绪时，最后一个器件的
DRDYOUT变为低电平。

图14. 8片器件级联时的配置寄存器读操作时序图
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Figure 15. Data Rate Controller Register Write Operation Timing Diagram for Eight Cascaded Devices
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图15. 8片器件级联时的数据率控制寄存器写操作时序图

Maxim Integrated 27

MAX11040K/MAX11060 

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya



24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

SYNC for Simultaneous
Sampling with Multiple Devices 

The SYNC input permits multiple devices to sample
simultaneously. The mismatch between the power-up
reset of multiple devices causes the devices to begin
conversion at different times. After a falling edge on the
SYNC input, the device completes the current conver-
sion and then synchronizes subsequent conversions
(see Figure 16). 

Upon a SYNC falling edge, the devices measure the time
between the SYNC falling edge to the preceding DRDY-
OUT falling edge, wait until the next DRDYOUT falling
edge, then pause the ADC for the measured amount of
time. Figure 16 shows an example where the converter
is regularly sampling the input and producing a DRDY-

OUT with a period tS. The effect of a SYNC falling edge
as shown in Figure 16 is described in sequence below: 

1) A SYNC falling edge is issued two XIN clock cycles
after the DRDYOUT event 2. 

2) The converter remembers the two XIN clock cycles,
and completes the current sample, issuing DRDYOUT
event 3 a period of tS after DRDYOUT event 2. 

3) Then, the converter pauses for the remembered time
period, two XIN clock cycles for this example. 

4) Correspondingly, DRDYOUT event 4 is issued two
XIN cycles later than it would have without the
SYNC falling edge. 

5) The process continues as normal with DRDYOUT
event 5 appearing tS after DRDYOUT event 4.

0
6

0
24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs
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NOTE: THE LATENCY IS NOT TO SCALE.
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Figure 16. Effect of a SYNC Falling Edge

用于多器件同时采样的SYNC
SYNC输入允许多个器件同时采样。多个器件上电复位之
间的不匹配导致器件在不同时间开始转换。SYNC输入的
下降沿之后，器件完成当前转换，然后同步随后的转换(见
图16)。

根据SYNC下降沿，器件测量SYNC下降沿与前一个DRDYOUT 
下降沿之间的时间，等待下一个DRDYOUT下降沿，然后
暂停ADC测量得到的时间。图16中，转换器正常采样输入，
产生周期为tS的DRDYOUT。图16中SYNC下降沿的作用
顺序如下：

1) DRDYOUT事件2之后，经过两个XIN时钟周期产生SYNC 
下降沿。

2) 转换器记忆两个XIN时钟周期，完成当前采样，在DRDYOUT 
事件2之后经过tS时间产生DRDYOUT事件3。

3) 然后暂停转换器，暂停时间为记忆的时间周期，本例中
为两个XIN时钟周期。

4) 相比而言，产生DRDYOUT事件4的时间比没有SYNC下
降沿时晚两个XIN周期。

5) 正常继续该过程，DRDYOUT事件5比DRDYOUT事件4
晚tS。

图16. SYNC下降沿的作用
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再返回讨论模拟输入，由于转换器的整个采样部分也暂停
两个时钟周期，所以采样5的采样点也暂停两个时钟周期，
可能在SYNC下降沿产生小干扰。利用数字滤波器滤除这
种干扰，使其不太明显。

如果在与DRDYOUT相同的XIN时钟周期发生SYNC下降
沿，由于SYNC下降沿要求暂停0个XIN时钟周期，所以这
种干扰不影响周期定时。所以，如图13所示，将一个转换
器的DRDYOUT连接至多个转换器的SYNC输入，在第一
个SYNC下降沿对齐转换器的采样，并不会干扰将来采样
的正常采样过程。

关于使用SYNC输入的不同方式，请参见多个器件同步部分。

传递函数
图17所示为双极性I/O传递函数，码值转换发生在连续
整数LSB的中间。输出编码为二进制，19位模式下，1 
LSB = (0.88 x VREFIO) x 2/524,288；24位模式下为(0.88 x 
VREFIO) x 2/16,777,216；对于MAX11060为(0.88 x VREFIO) x 
2/65536。

上电复位
上电时，串行接口、逻辑、数字滤波器和调制器电路复位
为零。VDVDD上升至2V以上不超过1ms，上电复位电路释
放复位。

Referring back to the analog input, since the entire sam-
pling section of the converter also paused for two clock
cycles, the sampling point for sample 5 is also paused
by two clock cycles, possibly creating a small distur-
bance at the SYNC falling edge. This disturbance is fil-
tered with the digital filter, which makes it less distinct. 

If the SYNC falling edge occurred during the same XIN
clock period as the DRDYOUT signal, the disturbance
does not affect the periodic timing since the SYNC
falling edge would demand a pause of zero XIN clock
cycles. Hence, connecting the DRDYOUT of one con-
verter to the SYNC inputs of many converters, as illus-
trated in Figure 13, aligns the sampling of the
converters on the first SYNC falling edge, but does not
disturb a regular sampling process for future samples.

See the Multiple Device Synchronization section for dif-
ferent ways to use the SYNC input. 

Transfer Function
Figures 17 shows the bipolar I/O transfer function.
Code transitions occur halfway between successive-
integer LSB values. Output coding is binary, with 1 LSB
= (0.88 x VREFIO) x 2/524,288 in 19-bit mode, (0.88 x
VREFIO) x 2/16,777,216 in 24-bit mode, and (0.88 x
VREFIO) x 2/65536 for the MAX11060.

Power-On Reset
The serial interface, logic, digital filter, and modulator
circuits reset to zero at power-up. The power-on reset
circuit releases this reset no more than 1ms after
VDVDD rises above 2V.

6
0

OUTPUT CODE

DIFFERENTIAL INPUT VOLTAGE (LSB)

FS

FS - 3/2 LSB

0-FS

FULL-SCALE
TRANSITION

   *N = 19 FOR 19-BIT TRANSFER
           FUNCTION,
     N = 24 FOR 24-BIT TRANSFER
           FUNCTION
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    ZS = 0
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                       2N*
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100...000
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111...111
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Figure 17. ADC Transfer Function

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
Cascadable, Sigma-Delta ADCs

图17. ADC传递函数
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Applications Information
Multiple Device Synchronization

Synchronizing Multiple Devices
Using a Shared XIN Clock Source

To synchronize multiple devices sharing a single XIN
clock source, transition the SYNC input that is shared
by all devices high to low. When an external sync
source is not available, connect DRDYOUT of one
device to the SYNC input of all devices in the chain.
The devices ignore any SYNC transitions applied dur-
ing the power-on reset. 

Synchronizing Multiple Devices
Using Independent XIN Clock Sources

If it is undesirable to connect the XIN clock sources
together, due to EMI or other reasons; use DRDYIN,
DRDYOUT, and SYNC to align the conversion timing as
shown in Figure 18. This minimizes the effects of drift

between the clock sources by resynchronizing after
each conversion when DRDYOUT transitions low. In
this configuration, the maximum correction caused by a
SYNC edge is one XIN clock cycle. 

The resulting sampling rate is determined by the sampling
frequency of the device with the slowest clock source,
plus the delay through the DRDYIN to DRDYOUT chain
between this slowest device and the end of the chain.

Synchronizing Multiple Devices
to an Independent Clock Source

To periodically synchronize multiple devices to an inde-
pendent timing source, connect the timing source to
the SYNC inputs of the devices. If minimal jitter is
important in the application, program the devices to a
frequency slightly slower than the external frequency,
such that SYNC falling edges only occur a short time
after the DRDYOUT signals.
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Figure 18. One Crystal per Device and All SYNC Inputs Driven by DRDYOUT of the Last Device in the Chain图18. 每个器件采用独立晶体，所有SYNC输入由链中最后一个器件的DRDYOUT驱动

                      应用信息 

多个器件同步
利用共用XIN时钟源同步多个器件

为同步共用单个XIN时钟源的多个器件，将全部器件共
用的SYNC输入从高电平转换为低电平。无外部同步源可
用时，将一个器件的DRDYOUT连接至链中全部器件的
SYNC输入。上电复位期间，器件忽略任何SYNC转换。

利用独立XIN时钟源同步多个器件
如果由于EMI或其它原因，不希望将XIN时钟源连接在一
起，利用DRDYIN、DRDYOUT和SYNC对齐转换定时，如

图18所示。每次转换之后DRDYOUT变为低电平时进行
再同步，将时钟源之间的漂移影响降至最小。该配置下，
SYNC沿造成的最大修正为一个XIN时钟周期。

最终采样率由时钟源最慢的器件的采样频率以及最慢器件
与链中最后一个器件之间的DRDYIN至DRDYOUT链的延
迟决定。

将多个器件同步至独立时钟源
为了将多个器件周期性同步至独立时钟源，将时钟源连接
至器件的SYNC输入。如果极小的抖动对系统影响很大，
则将器件频率设置为略低于外部频率，以便在DRDYOUT
信号之后很短时间内产生SYNC下降沿。
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

M
A

DISCONTINUITY DUE TO SYNC EVENT
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Figure 19. Example of Discontinuity in Reconstructed Digital Output Due to SYNC Falling Edge with a Large DRDYOUT-to-SYNC Delay

24-/16-Bit, 4-Channel, Simultaneous-Sampling,
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Signal Distortion at SYNC Falling Edges
Each SYNC falling edge causes a disruption in the digi-
tal filter timing proportional to the delay from the previ-
ous falling edge of DRDYOUT to the falling edge of
SYNC. Any analysis of the output data that assumes a
uniform sampling period sees an error proportional to
that delay, with a maximum value determined by the
maximum derivative of the analog input. Figure 19
shows the effect of this discontinuity at output sample 5. 

Assuming a 60Hz ±2.2V sine wave, the maximum pos-
sible error on any given sample caused by a SYNC
falling edge is: 

VERROR_MAX = 2.2V x 2π x 60Hz x tDRDYOUT_TO_SYNC
= 0.83μV/ns x tDRDYOUT_TO_SYNC

The delay from DRDYOUT to SYNC is quantized to
within one cycle of the 24.576MHz clock. SYNC pulses
that are asynchronous to DRDYOUT may cause large
errors. To eliminate this error, use a single clock source
for all devices and avoid disrupting the output data tim-
ing with SYNC pulses while making high-precision
measurements. Alternately, minimize the delay from
DRDYOUT to SYNC to minimize the error.

Example:

Assume fAIN_ = 60Hz, fS = 16ksps, and eight total
devices in the chain.

Device 1 has the longest tDRDYOUT_TO_SYNC delay,
therefore the worst-case SYNC error.

If device 1 has the fastest XIN clock in the chain, and
device 2 has the slowest XIN clock in the chain, and
they differ by 0.1%, device 1 completes its conversion
as much as 0.1% earlier than device 2. Hence, the
delay of device 2 is:

0.1% x (1/16kHz ) = 62.5ns

The signal then propagates down the chain at a time
delay of nominally 20ns for each device.

The total delay back to the SYNC falling edge after
going through six additional delays is:

tDELAY = 62.5ns + 6 x 20ns = 182.5ns

Maximum % Error = 2π x fIN x tDRDYOUT_TO_SYNC x
100% = 2 x π x 60Hz x 182.5ns x 100% = 0.007%

The above error is relative to the signal level, not to the
full scale of the data converter.

SYNC下降沿处的信号失真
每个SYNC下降沿可造成数字滤波器定时失真，与前一个
DRDYOUT下降沿至SYNC下降沿的延迟成比例。如果假
设采样周期一致，对输出数据进行分析就会发现与延迟成
比例的误差，最大值由模拟输入的最大导数决定。图19所
示为在输出采样5处这种不连续所产生的影响。

假设信号为60Hz ±2.2V的正弦波，SYNC下降沿对任意给
定采样造成的最大可能误差为：

VERROR_MAX = 2.2V x 2π x 60Hz x tDRDYOUT_TO_SYNC 
          = 0.83μV/ns x tDRDYOUT_TO_SYNC
从DRDYOUT至SYNC的延迟量化至24.576MHz时钟的一
个周期之内。与DRDYOUT异步的SYNC脉冲可能造成更
大误差。为消除这一误差，对所有器件使用单时钟源，避
免SYNC脉冲干扰输出数据定时，同时进行高精度测量。
或者，将DRDYOUT至SYNC的延迟降至最小，使误差最
小化。

例：

假设fAIN_ = 60Hz、fS = 16ksps，菊链中总共有8片器件。

器件1具有最大tDRDYOUT_TO_SYNC延迟，因此SYNC误差最大。

如果器件1采用链中最快的XIN时钟，器件2采用链中最慢
的XIN时钟，相差0.1%，器件1完成转换比器件2早0.1%。
因此，器件2的延迟为：

0.1% x (1/16kHz) = 62.5ns

然后信号沿菊链向下传输，每个器件的时间延迟标称值为
20ns。

经过另外6次延迟后，折算到SYNC下降沿的总延迟为：

tDELAY = 62.5ns + 6 x 20ns = 182.5ns

Maximum % Error = 2π x fIN x tDRDYOUT_TO_SYNC x 
100% = 2 x π x 60Hz x 182.5ns x 100% = 0.007%

以上为相对于信号电平的误差，不是相对于数据转换器的
满幅值。

图19. 由于SYNC下降沿具有较大DRDYOUT至SYNC延迟，造成重构数字输出不连续
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

源阻抗和输入采样网络
驱动模拟输入的源阻抗影响采样周期。

低阻信号源
将源阻抗降至最小，以确保输入电容在采样阶段完全充电。
符合要求的信号源阻抗由下式决定：

式中，K = 1.5，RINT = 2600Ω。

例如，达到0.1%精度时，要求源阻抗为：

高阻信号源
如果源阻抗大于低阻信号源部分定义的RSOURCE_MAX，在
AIN_+和AIN_-之间安装0.1μF旁路电阻，以提供瞬态充电。
在正确的旁路电容和XIN时钟频率 = 24.576MHz下，开关
电容平均负载相当于在AIN_+和AIN_-之间连接130kΩ电
阻。该阻抗与0.1μF旁路电容的值无关。如果选择其它XIN
时钟频率，该阻抗与XIN时钟周期成正比。

尽管增加旁路电容有助于对器件的0输入电容充电，由于
在源阻抗两端存在阻性压降，因此仍然具有一定的增益误
差。采用下式计算该增益误差：

模拟滤波
与不带片上滤波电路的传统转换器相比，器件大大降低了
对前端模拟滤波器的要求。内部数字滤波器能够大幅抑制
高于输出数据速率的奈奎斯特频率的信号，这些信号会混
叠到采样信号。

内部数字滤波器不对接近3.072MHz调制器频率的谐波信
号提供抑制。例如，假设输出数据速率为16ksps，如果XIN
时钟设置为24.576MHz，那么3.0686MHz至3.0750MHz 
的频带没有明显滤波效果。由于未滤波的频带相对于其实
际频率非常小，所以通过这种机制引入的宽带噪声非常小。
如果该频带内出现集中的窄带噪声，由于通带与阻带频率
之比较大，所以简单的模拟滤波器可大幅衰减该频率。

此外，因为器件的共模抑制延伸至数百kHz之外，所以该
频率范围的共模噪声敏感度大幅降低。

在有些应用中，增加额外滤波确保感兴趣频带外的差分噪
声信号不会造成模拟调制器饱和。

如果输入电压超出其满幅值(±2.2V)，调制器饱和。数字滤
波器不会防止滤波器阻带中的大信号造成调制器饱和。如
果感兴趣频带外的信号造成超出满幅值，同时又希望准确
转换通带信号，那么就需要额外的模拟滤波，以避免饱和。

典型FFT分析中的 
数字滤波器衰减补偿

计算FIR_GAIN(fAIN_)：

1)  确定直流和输出数据速率的奈奎斯特频率之间均匀分布
频率的数量，在该点需要修正因子，通常与FFT结果相同。

2)  创建一个数组，长度为所要求频率数的2倍(结果可能与
装载至FFT算法的时域数组相关)。

3) 将数字滤波器部分提供的滤波器系数填入该数组，将数
组的其它部分填0。

4) 对该数组执行FFT，结果表示器件内置FIR滤波器的响应。

Source Impedance and
Input Sampling Network

The source impedance that drives the analog inputs
affects the sampling period.

Low-Impedance Sources
Minimize the source impedance to ensure the input
capacitor fully charges during the sampling phase.
The required source resistance is defined by the
equation below:

where K = 1.5 and RINT = 2600Ω.

For example, the required source resistance to achieve
0.1% accuracy is: 

High-Impedance Sources
I f  the source impedance is greater than
RSOURCE_MAX, as defined in the Low-Impedance
Sources section, place a 0.1μF bypass capacitor
between AIN_+ and AIN_- to provide transient charge.
The average switched-capacitor load with a proper
bypass capacitor and XIN clock frequency =
24.576MHz is equivalent to a 130kΩ resistor connect-
ed between AIN_+ and AIN_-. This resistance is inde-
pendent of the value of the 0.1μF bypass capacitor. If
another XIN clock frequency is chosen, this resistance
is directly proportional to the XIN clock period.

Although the addition of a bypass capacitor helps charge
the devices’ 0 input capacitor, some gain error due to
resistive drop across the source resistance still remains.
Calculate this gain error using the following equation:

Analog Filtering
The analog filtering requirements in front of the devices
are considerably reduced compared to a conventional
converter with no on-chip filtering. The internal digital
filter has significant rejection of signals higher than the
Nyquist frequency of the output data rate that would
alias back into the sampled signal. 

The internal digital filter does not provide rejection
close to the harmonics of the 3.072MHz modulator fre-
quency. For example, assuming an output data rate of
16ksps if the XIN clock is set to 24.576MHz, then the
band between 3.0686MHz and 3.0750MHz is not
explicitly filtered. Since this unfiltered band is very
small compared to its actual frequency, very little
broadband noise enters through this mechanism. If
focused narrowband noise in this band is present, a
simple analog filter can create significant attenuation at
this frequency because the ratio of passband-to-stop-
band frequency is large. 

In addition, because the device’s common-mode rejec-
tion extends out to several 100kHz, the common-mode
noise susceptibility in this frequency range is substan-
tially reduced.

Providing additional filtering in some applications
ensures that differential noise signals outside the fre-
quency band of interest do not saturate the analog
modulator.

The modulator saturates if the input voltage exceeds its
full scale (±2.2V). The digital filter does not prevent a
large signal in the filter stopband from saturating the
modulator. If signals outside the band of interest cause
violation of this full scale while accurate conversion of
passband signals is desired, then additional analog fil-
tering is required to prevent saturation.

Compensating for the Rolloff of
the Digital Filter in Typical FFT Analysis

To calculate FIR_GAIN(fAIN_):

1) Decide the number of evenly spaced frequencies
between DC and the Nyquist frequency of the output
data rate at which correction factors are desired,
which is usually the same as the FFT result. 

2) Create an array with a length that is 2x the number of
the desired frequencies. (Again, the result is likely to
correlate with the time domain array that is loaded
into an FFT algorithm.)

3) Fill this array with the filter coefficients provided in
the Digital Filter section. Fill the rest of the array with
zeros.

4) Take an FFT of this array. The result represents the
response of the devices’ built-in FIR filter.
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Source Impedance and
Input Sampling Network

The source impedance that drives the analog inputs
affects the sampling period.

Low-Impedance Sources
Minimize the source impedance to ensure the input
capacitor fully charges during the sampling phase.
The required source resistance is defined by the
equation below:

where K = 1.5 and RINT = 2600Ω.

For example, the required source resistance to achieve
0.1% accuracy is: 

High-Impedance Sources
I f  the source impedance is greater than
RSOURCE_MAX, as defined in the Low-Impedance
Sources section, place a 0.1μF bypass capacitor
between AIN_+ and AIN_- to provide transient charge.
The average switched-capacitor load with a proper
bypass capacitor and XIN clock frequency =
24.576MHz is equivalent to a 130kΩ resistor connect-
ed between AIN_+ and AIN_-. This resistance is inde-
pendent of the value of the 0.1μF bypass capacitor. If
another XIN clock frequency is chosen, this resistance
is directly proportional to the XIN clock period.

Although the addition of a bypass capacitor helps charge
the devices’ 0 input capacitor, some gain error due to
resistive drop across the source resistance still remains.
Calculate this gain error using the following equation:

Analog Filtering
The analog filtering requirements in front of the devices
are considerably reduced compared to a conventional
converter with no on-chip filtering. The internal digital
filter has significant rejection of signals higher than the
Nyquist frequency of the output data rate that would
alias back into the sampled signal. 

The internal digital filter does not provide rejection
close to the harmonics of the 3.072MHz modulator fre-
quency. For example, assuming an output data rate of
16ksps if the XIN clock is set to 24.576MHz, then the
band between 3.0686MHz and 3.0750MHz is not
explicitly filtered. Since this unfiltered band is very
small compared to its actual frequency, very little
broadband noise enters through this mechanism. If
focused narrowband noise in this band is present, a
simple analog filter can create significant attenuation at
this frequency because the ratio of passband-to-stop-
band frequency is large. 

In addition, because the device’s common-mode rejec-
tion extends out to several 100kHz, the common-mode
noise susceptibility in this frequency range is substan-
tially reduced.

Providing additional filtering in some applications
ensures that differential noise signals outside the fre-
quency band of interest do not saturate the analog
modulator.

The modulator saturates if the input voltage exceeds its
full scale (±2.2V). The digital filter does not prevent a
large signal in the filter stopband from saturating the
modulator. If signals outside the band of interest cause
violation of this full scale while accurate conversion of
passband signals is desired, then additional analog fil-
tering is required to prevent saturation.

Compensating for the Rolloff of
the Digital Filter in Typical FFT Analysis

To calculate FIR_GAIN(fAIN_):

1) Decide the number of evenly spaced frequencies
between DC and the Nyquist frequency of the output
data rate at which correction factors are desired,
which is usually the same as the FFT result. 

2) Create an array with a length that is 2x the number of
the desired frequencies. (Again, the result is likely to
correlate with the time domain array that is loaded
into an FFT algorithm.)

3) Fill this array with the filter coefficients provided in
the Digital Filter section. Fill the rest of the array with
zeros.

4) Take an FFT of this array. The result represents the
response of the devices’ built-in FIR filter.
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Source Impedance and
Input Sampling Network

The source impedance that drives the analog inputs
affects the sampling period.

Low-Impedance Sources
Minimize the source impedance to ensure the input
capacitor fully charges during the sampling phase.
The required source resistance is defined by the
equation below:

where K = 1.5 and RINT = 2600Ω.

For example, the required source resistance to achieve
0.1% accuracy is: 

High-Impedance Sources
I f  the source impedance is greater than
RSOURCE_MAX, as defined in the Low-Impedance
Sources section, place a 0.1μF bypass capacitor
between AIN_+ and AIN_- to provide transient charge.
The average switched-capacitor load with a proper
bypass capacitor and XIN clock frequency =
24.576MHz is equivalent to a 130kΩ resistor connect-
ed between AIN_+ and AIN_-. This resistance is inde-
pendent of the value of the 0.1μF bypass capacitor. If
another XIN clock frequency is chosen, this resistance
is directly proportional to the XIN clock period.

Although the addition of a bypass capacitor helps charge
the devices’ 0 input capacitor, some gain error due to
resistive drop across the source resistance still remains.
Calculate this gain error using the following equation:

Analog Filtering
The analog filtering requirements in front of the devices
are considerably reduced compared to a conventional
converter with no on-chip filtering. The internal digital
filter has significant rejection of signals higher than the
Nyquist frequency of the output data rate that would
alias back into the sampled signal. 

The internal digital filter does not provide rejection
close to the harmonics of the 3.072MHz modulator fre-
quency. For example, assuming an output data rate of
16ksps if the XIN clock is set to 24.576MHz, then the
band between 3.0686MHz and 3.0750MHz is not
explicitly filtered. Since this unfiltered band is very
small compared to its actual frequency, very little
broadband noise enters through this mechanism. If
focused narrowband noise in this band is present, a
simple analog filter can create significant attenuation at
this frequency because the ratio of passband-to-stop-
band frequency is large. 

In addition, because the device’s common-mode rejec-
tion extends out to several 100kHz, the common-mode
noise susceptibility in this frequency range is substan-
tially reduced.

Providing additional filtering in some applications
ensures that differential noise signals outside the fre-
quency band of interest do not saturate the analog
modulator.

The modulator saturates if the input voltage exceeds its
full scale (±2.2V). The digital filter does not prevent a
large signal in the filter stopband from saturating the
modulator. If signals outside the band of interest cause
violation of this full scale while accurate conversion of
passband signals is desired, then additional analog fil-
tering is required to prevent saturation.

Compensating for the Rolloff of
the Digital Filter in Typical FFT Analysis

To calculate FIR_GAIN(fAIN_):

1) Decide the number of evenly spaced frequencies
between DC and the Nyquist frequency of the output
data rate at which correction factors are desired,
which is usually the same as the FFT result. 

2) Create an array with a length that is 2x the number of
the desired frequencies. (Again, the result is likely to
correlate with the time domain array that is loaded
into an FFT algorithm.)

3) Fill this array with the filter coefficients provided in
the Digital Filter section. Fill the rest of the array with
zeros.

4) Take an FFT of this array. The result represents the
response of the devices’ built-in FIR filter.
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24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

对器件输出数据的FFT结果进行补偿：

1) 对FFT的每个频率计算数字滤波器部分公式的倒数(1/x)。

2) 将器件输出数据的FFT乘以上一步的结果。

电源
AVDD和DVDD为器件供电。AVDD为模拟部分供电，
DVDD为数字部分供电。AVDD和DVDD的电源范围分别为
+3.0V至+3.6V和2.7V至VAVDD。利用1μF电解电容与0.1μF
陶瓷电容并联将AVDD旁路至AGND，利用1μF电解电容与
0.1μF陶瓷电容并联将DVDD旁路至DGND。为获得最佳性
能，使旁路电容尽量靠近器件。

布局、接地和旁路
最佳布局和接地设计总是来自于对完整系统的深入分析。
这包括信号源对地电流的依赖程度和敏感度，以及了解可
能流过不同接地回路的电流。

在PCB上将模拟地和数字地分开，只在器件的GND端将两
个接地区域连接在一起。模拟电路和数字电路采用同一供
电电源时，利用低阻值电阻(10Ω)或磁珠将数字电源与模
拟电源隔离开。

确保数字回路的电流不流过模拟地，电流回路为低阻。
5mA电流流过阻抗为0.05Ω的PCB地线所产生的误差电压
大约为250μV。

确保数字和模拟信号线保持隔离。不要将数字信号线(尤其
是SCLK和DOUT)与模拟信号线平行布置，或布置在器件下
方。数字信号线和模拟信号线彼此交叉时，采用垂直布线。

利用0.1μF电容与1μF至10μF低ESR电容并联，将AVDD旁
路至模拟接地区域。使电容引线长度尽量短，以获得最佳
的电源噪声抑制。利用0.1μF电容将REF+和REF-旁路至
GND。使所有的旁路电容尽量靠近器件，以获得最佳去耦。

晶体布局
在PCB上和器件一起安装晶体时，遵守以下基本指南，以
避免耦合噪声：

1) 使晶体尽量靠近XIN和XOUT。使晶体和输入之间的走
线长度尽量短，通过缩短“天线”的长度降低噪声耦合的
可能性。使XIN和XOUT线尽量彼此靠近，将时钟线的
环路面积降至最小。使走线长度尽量短也减小杂散电容
总值。

2) 晶体至XIN和XOUT的焊盘和布线宽度尽量小。连接焊
盘和布线宽度越大，越容易从邻近信号耦合噪声。

3) 在晶体周围安装一个保护环(接地)，以将晶体与邻近信
号的耦合噪声隔离开。

4) 确保晶体正下方或XIN和XOUT走线正下方的其它PCB
层没有信号线。晶体与电路板上其它信号的隔离越好，
噪声耦合至晶体的可能性就越低。

5) 在紧靠晶体保护环下方的PCB层上布置接地区域，有助
于隔离晶体与PCB其它层信号的耦合噪声。

注：仅对晶体周围布置接地区域，而非整个电路板。
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                                                  封装信息
如需最近的封装外形信息和焊盘布局(占位面积)，请查询china.
maxim-ic.com/packages。请注意，封装编码中的“+”、“#”
或“-”仅表示RoHS状态。封装图中可能包含不同的尾缀字符，
但封装图只与封装有关，与RoHS状态无关。

                                                  芯片信息
PROCESS: BiCMOS

封装类型 封装编码 外形编号 焊盘布局编号

38 TSSOP U38+3 21-0081 90-0140
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34 Maxim Integrated

http://china.maxim-ic.com/packages
http://china.maxim-ic.com/packages
http://pdfserv.maxim-ic.com/package_dwgs/21-0081.PDF
http://pdfserv.maxim-ic.com/land_patterns/90-0140.PDF
Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
None set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
MigrationNone set by Gangadhar.Veerayya

Gangadhar.Veerayya
Sticky Note
Unmarked set by Gangadhar.Veerayya



24/16位、4通道、同时采样、 
可级联的Σ-Δ ADC

                                                                                         修订历史

修订号 修订日期 说明 修改页

0 2/11 MAX11040K最初版本。 —

1 4/11 MAX11060最初版本。 1

2 11/11 更新Absolute Maximum Ratings。 2
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