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Features

 CBM ADC™ Micro-Signal Direct Conversion Technology: Eliminates the need for complex

multi-stage amplification chains, enabling direct digitization of micro-signals

 High-precision analog-to-digital converter (ADC)

 Output LSB as low as 2.5μV

 Full-scale range (FSR): 82mV

 Flexible sampling rate control

--High-performance mode: 125Hz ~ 1kHz

--High-speed mode: Up to 8kHz

 Signal-to-noise ratio (SNR): Up to 84dB

 Common-mode rejection ratio (CMRR): > 90dB

 Equivalent differential input capacitance: < 1.5pF

 Dual-channel continuous operating current: Only 40μA @ 500sps

 I2C communication interface for configuration and signal reading

 SDA pin multiplexable as interrupt output

 Conversion completion interrupt and conditional interrupt, reducing MCU duty cycle

 Single-wire transmission interface: DOCI (Data Out Clock In)

 Built-in multiple digital filters

--Programmable low-pass filter (LPF)

--Programmable high-pass filter (HPF)

 Ultra-compact DFN-8 (2mm × 2mm) package

 Die option available

 Wide operating temperature range: -40°C ~ 85°C

 Wide supply voltage range: 2.2V ~ 3.6V

Applications

 Thermopile Detector
 Low-Side Current Sensing
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Description

The CBM12AD1X series is a high-integration ASIC chip for weak signal acquisition, with the core

goal of solving the "impossible triangle" dilemma of traditional discrete component solutions

between high performance, low power consumption and design complexity. Leveraging the

proprietary CBM ADC™ technology, it can build the shortest and purest signal path from the

sensor to the digital domain without the need for a PGA. The single-chip design integrates

complex analog front-ends into simple digital interface docking, providing customers with an

integrated solution featuring high performance, low power consumption and cost-effectiveness,

while shortening the R&D cycle and helping products launch quickly. The CBM12AD1X boasts

low power consumption, delivering excellent battery life for portable and IoT devices.
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Functional Block Diagram

Figure 1 Functional Block Diagram

Pin Configuration and Function Descriptions

Figure 2 CBM12AD11D Pin Configuration Figure 3 CBM12AD11B Pin Configuration

(A1)(Bottom View) (B1)(Bottom View)
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Figure 4 CBM12AD12D Pin Configuration Figure 5 CBM12AD12B Pin Configuration

(A2)(Bottom View) (B2)(Bottom View)

Figure 6 CBM12AD11-DIE Pin Configuration (Die)(Bottom View)
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Pin

No.

(Die)

Pin

No.(A1)

Pin

No.(A2)

Pin

No.(B1)

Pin

No.(B2)
Type Mnemonic Description

A1 -- -- -- -- S AVSS Analog Ground

A2 -- 1 -- 1 AI ADC1P ADC1 Input+

A3 -- 2 -- 2 AI ADC1N ADC1 Input-

A4 3 3 3 3 AI ADC0N ADC0 Input-

A5 4 4 4 4 AI ADC0P ADC0 Input+

A6 -- -- -- -- S AVSS Analog Ground

C1 -- -- -- -- S DVSS Digital Ground

C2 -- -- -- -- DI ADDR
I²C Slave Address

Selection

C3 8 8 -- -- DI SCL I2C SCL

C4 7 7 -- -- DIO SDA I2C SDA

-- -- -- 8 8 NC TEST0 Leave Floating

-- -- -- 7 7 NC TEST1 Leave Floating

C5 -- -- 6 6 DIO DOCI
Single-Wire

Transmission Interface

C6 -- -- -- -- DI CLKIN External Clock Input

C7 6 6 -- -- DIO GPIO0
User Interface I/O"

（I/O=Input/Output）0

C8 -- -- -- -- DIO GPIO1
User Interface I/O"

（I/O=Input/Output）1

C9 -- -- -- -- NC TEST Leave Floating

C10 5 5 5 5 S VDD Supply

-- EPAD EPAD EPAD EPAD S VSS

Ground (Analog and

Digital Ground

Combined)
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Absolute Maximum Ratings
Parameter Symbol Min Typ Max Unit Note

Supply VDD -0.3 -- 3.6 V VDD to VSS

ADC Input Voltage

VADC0P/ADC0

N/ADC1P/ADC1

N

-0.6 -- 0.6

V

Common Mode to VSS

Storage Temperature TS -45 -- 125 ℃

Operating Temperature TC -40 -- 85 ℃

HBM ESDHBM

1000 -- --
V ADC0P/ADC0N/ADC1P

/ADC1N

4000 -- -- V All Other IO

CDM ESDCDM

500 -- --
V ADC0P/ADC0N/ADC1P

/ADC1N

500 -- -- V All Other IO

Specifications

Unless otherwise specified, all characteristic values are derived under the conditions

of TA=25℃ and VDD=3.3V.

Parameter Symbol Min Typ Max Unit Note

Supply

Operating Voltage VDD 2.2 -- 3.6 V VDD to VSS

Operating Current IVDD

-- 2 --

μA

Standby Mode

-- 60 --

1ksps Dual-Channel

Continuous Sampling

Mode

-- 40 --

1ksps Single-Channel

Continuous Sampling

Mode

-- 40 --

500sps Dual-Channel

Continuous Sampling

Mode

-- 30 -- 500sps Single-Channel
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Continuous Sampling

Mode

-- 9 --
1ksps Window

Sampling Mode

All test conditions for the Analog Input are based on the default configuration, with a data rate of 1ksps and a

full-scale range (FSR) of 82mV.

ADC Input Full-Scale Voltage

VADC0P/ADC0

N/ADC1P

/ADC1N

-82 -- 82 mV Differential

Maximum Signal-to-Noise

Ratio (SNR)
SNRmax -- 84 -- dB

Common-Mode Voltage

Range (CMVR)
CMVR 0 -- 150 mV TMIN≤TA≤TMAX

ADC Effective Number of

Bits (ENOB)

ENOB-

ADC0/EN

OB

-ADC1

-- 14 -- bits

Second Harmonic

Suppression
2nd HD 60 -- -- dB

Third Harmonic Suppression 3rd HD 70 -- -- dB

Common-Mode Rejection

Ratio (CMRR) (0V Input

Differential DC Voltage)

CMRR

（0Vos）
110 -- -- dB

Common-Mode Rejection

Ratio (CMRR) (40mV Input

Differential DC Voltage)

CMRR

(40mVos)
91 -- -- dB

Power Supply Rejection

Ratio (PSRR) (0V Input

Differential DC Voltage)

PSRR(0Vo

s)
120 -- -- dB

3.3V Power Supply

Ripple Rejection

Power Supply Rejection

Ratio (PSRR) (38mV Input

Differential DC Voltage)

PSRR(38m

Vos)
81 -- -- dB

3.3V Power Supply

Ripple Rejection

Channel Isolation CH ISO 120 -- -- dB
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I2C Communication

Frequency FSCL -- -- 1000 Kbps

Bus Load
Cload -- -- 30 pF

External Pull-Up Resistor REPU 800 -- -- Ω

Digital Inputs (GPIO0/GPIO1)

Input Voltage Range VDI 0 -- VDD V

Schmitt Trigger Low-to-High

Threshold
VT+ -- 2.0 -- V VDD = 3.3V

Schmitt Trigger High-to-Low

Threshold
VT- -- 1.3 -- V VDD = 3.3V

Internal Pull-Up Resistor RPU 39 63 109 KΩ

Digital Outputs

Output Low Level (VOL) VOL -- -- 0.4
V

VDD = 3.3V

Output High Level (VOH) VOH 2.4 -- -- VDD = 3.3V

Low-Level Output Current

(IOL)
IOL

9.4 14.1 --

mA

VOL = Maximum Value,

IO_DS = 0

18.8 28.1 --
VOL = Maximum Value,

IO_DS = 1

High-Level Output Current

(IOH)
IOH

7.0 9.3 --

mA

VOH = Minimum Value,

IO_DS = 0

13.9 18.6 --
VOH = Minimum Value,

IO_DS = 1

DOCI Interface

Schmitt Trigger Low-to-High

Threshold
VT+ -- 2.0 -- V VDD = 3.3V

Schmitt Trigger High-to-Low

Threshold
VT- -- 1.3 -- V VDD = 3.3V

Pull-Down Current IPD -- 41.1 -- μA

Pull-Up Current IPU -- 40.7 -- μA

Input Capacitance CIN -- 5 -- pF

DOCI Interface Setup Time tS 0 -- -- μs

Data Clock Low Time tL 3 -- -- μs
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Data Clock High Time tH 3 -- -- μs

Data Bit Stability Time tbit 1 -- -- μs

Serial Interface Interrupt

Time
TREP 128 -- 1024

ADC

Samplin

g Clock

The 1M clock is divided

by CLK_DIV[1:0] to

serve as the ADC

sampling clock.

（1）Typical values are for estimation only and not definitive.

（2）Unless otherwise specified, the maximum/minimum values in the data sheet are determined by testing.

（3）Typical values represent the most probable parameter specifications at TA ​ =25∘ C and recommended

operating conditions, and are not guaranteed.

Functional Description

The CBM12AD12 product consists of two main ADCs (ADC0, ADC1), two FIFO regions (ADC0

FIFO, ADC1 FIFO), and one temperature-measuring ADC. The system timing clock adopts an

8-fold division of either 32kHz or 256kHz. Among them, ADC0 and ADC1 are enabled by default

and can be turned on/off via the registers ADC0_DIS and ADC1_DIS.

Details are as follows:

CBM12AD11D: ADC0 enabled by default (ADC0_DIS=0, ADC1_DIS=1), with GPIO0 output;

CBM12AD12D: Both ADC0 and ADC1 enabled by default (ADC0_DIS=0, ADC1_DIS=0,

configurable by user), with GPIO0 output;

CBM12AD11B: ADC0 enabled by default (ADC0_DIS=0, ADC1_DIS=1), with DOCI output;

CBM12AD12B: Both ADC0 and ADC1 enabled by default (ADC0_DIS=0, ADC1_DIS=0,

configurable by user), with DOCI output.

Analog Front-End (AFE)

The CBM12AD12 includes two analog front-ends, each comprising a Sigma-Delta Modulator

(SDM) and a digital filter (CIC). The clock frequency of the SDM is configured via the register

CLK_DIV[1:0]. The downsampling rate is configured via the register SP_RATE[1:0].

CIC Decimation Filter

A CIC digital filter is integrated with the Sigma-Delta Modulator (SDM) to reconstruct signals

from the bit stream output by the SDM. The CBM12AD1X series offers multiple options for the

Oversampling Ratio (OSR) (configured via SP_RATE[1:0]) and the SDM clock frequency division

ratio (configured via CLK_DIV[1:0]), enabling a trade-off between performance and power

consumption. The default clock frequency of the SDM is 256kHz.

For example, to achieve an output data rate of 1ksps, the user can either:
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Use the default settings: 1x division ratio (CLK_DIV=2’b00) and 256x downsampling rate

(SP_RATE=2’b00); or Use a 2x division ratio (CLK_DIV=2’b01) and 128x downsampling rate

(SP_RATE=2’b01). In this case, the SDM clock is 128kHz, and the digital power consumption is

halved at the cost of partial noise performance.

The data rates configurable by the CIC decimation filter are as follows:

CLK_DIV[1：0]

SP_RATE[1：0]

2’b00（Default） 2’b01 2’b10 2’b11

256x Downsampling Rate

（2’b00）
1ksps 0.5ksps 0.25ksps 0.125ksps

128x Downsampling Rate

（2’b01）
2ksps 1ksps 0.5ksps 0.25ksps

64x Downsampling Rate

（2’b10）
4ksps 2ksps 1ksps 0.5ksps

32x Downsampling Rate

（2’b11）
8ksps 4ksps 2ksps 1ksps

Data Rates Configured by the CIC Decimation Filter

ADC Offset Calibration

The data of ADC0 and ADC1 can be calibrated for offset via the OFFSET_ADCx[15:0]

registers.When INPUT_SHORT_ADCx is set to 1, the averaged value of the 16-bit sampling data

from the corresponding ADCx is the 16-bit offset value of that ADC channel. Offset calibration is

completed at the factory prior to shipment.

ADC Gain Adjustment

The data of ADC0 and ADC1 can undergo digital gain adjustment via the GAIN_ADCx[7:0]

registers. This is an 8-bit signed number represented in two's complement. The gain adjustment

range is GAIN_ADCx[7:0]/1024, resulting in an overall adjustment range

from 1−128/1024 to 1+127/1024.
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Outline Dimensions

Die

Figure 7: Die Dimensions Drawing

DIE SIZE：945*1390(μm)

Number Symbol X（μm） Y（μm） PAD SIZE（μm）

1 AVSS 53.500 101.000 60x60

2 ADC0_P 53.500 181.000 60x60

3 ADC0_N 53.500 289.320 60x60

4 ADC1_N 53.500 369.320 60x60

5 ADC1_P 53.500 477.640 60x60

6 AVSS 53.500 557.640 60x60

7 DVSS 888.000 1328.000 60x60

8 ADDR 888.000 1248.000 60x60

9 SCL 888.000 1168.000 60x60

10 SDA 888.000 1088.000 60x60

11 DOCI 888.000 1008.000 60x60
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12 CLKIN 888.000 928.000 60x60

13 GPIO0 888.000 848.000 60x60

14 GPIO1 888.000 768.000 60x60

15 TEST 888.000 688.000 60x60

16 VDD 888.000 608.000 60x60

DFN-8

Figure 8: DFN-8 Package Dimensions Drawing
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Package/Ordering Information

MODEL
ORDERI

NG

NUMBER

TEMPERATURE
PACKAGE
DESCRIPTION Note

MAKING
INFORMATION

CBM12AD11-DIE -40℃~85℃ Die Single Channel

CBM12AD11D -40℃~85℃ DFN-8
Single Channel,

GPIO0 Output

CBM12AD11B -40℃~85℃ DFN-8
Single Channel,

DOCI Output

CBM12AD12-DIE -40℃~85℃ Die Dual Channel

CBM12AD12D -40℃~85℃ DFN-8
Dual Channel,

GPIO0 Output

CBM12AD12B -40℃~85℃ DFN-8
Dual Channel,

DOCI Output。
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