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Figure 1. Precision Signal Chain µModules® 

Introduction 
Analog Devices’ precision signal chain µModules® 

are a heterogeneous integration of the different blocks 

of a signal chain, along with other passive devices, into 

one component / system-in-package (SiP). Keeping up 

with the trend, µModule solutions are developed for 

less footprint, faster circuit development, and reduced 

system development costs with high precision, high 

accuracy, and low noise solutions. The “µModule” 

brand can also refer to Analog Devices’ µModule 

power products which also use SiP technology, but for 

simplicity of these Precision Technology Learning 

Modules, we will use “µModule” to refer to precision 

signal chain µModules. Precision signal chain 

µModules also use “ADAQ” in their part name. 

Discrete to µModule 
Figure 2 is an example of a schematic with discrete 

components. A discrete signal chain solution is a 

composition of different electronic components for 

every stage of a signal chain. In Figure 2, this discrete 

solution has (3) a fully differential ADC (AD4000 series) 

that is driven and conditioned by (2) the ADC driver 

(ADA4807). This discrete solution also includes a 

voltage reference (ADR4550) and (1) a reference 

buffer (ADA4807). 

Figure 2. AD4000 Series Evaluation Board Schematic 
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Figure 3. ADAQ4003 µModule Evaluation Board Schematic

Figure 3 shows an example of a schematic with a 

µModule solution. We can see the difference in the 

component count. The three signal chain blocks in the 

discrete solution are already functional in one µModule 

component. A µModule is not limited to these three 

components only. There are other µModule solutions 

which include a multiplexer or even a voltage reference. 

Advantages of a µModule 
Solution 

Small Form Factor  

The most obvious difference that you will notice from a 

board with a discrete solution to a board with a 

µModule is that the latter takes far less footprint. This 

allows more channels for the same space, making 

µModules suitable for high channel density DAQ 

applications. This footprint reduction also enables new 

systems to be added on to the board, such as isolators, 

processors, or transmitters. 

 

Figure 4. Discrete signal chain solution PCB 

Figure 5. µModule solution PCB 
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As an example, the PCB in Figure 4 uses the following 

signal chain blocks in their discrete packaging: (1) ADC 

driver, (2) Voltage Reference, (3) Reference Buffer, 

and (4) the ADC, along with their passive devices for 

correct operation and supply decoupling. On the other 

hand, the PCB in Figure 5 shows what it would be like 

to integrate all of those as a µModule. Clearly, there is 

a tremendous amount of PCB size difference.  

ADI’s iPassives™ 

Passive components such as resistors, capacitors, 

inductors, transformers, and diodes are usually 

discrete, which means they are manufactured 

separately. Each component’s uniqueness and 

different manufacturing processes may have a 

significant effect on the matching and performance of 

a system. An example is the effect of the resistors’ 

tolerance to the gain accuracy of an inverting amplifier. 

Passive components are also prone to parasitic 

elements and solder defects. 

Passive components are also known to cover about 

80% of the bill of materials, 60% of the PCB area, and 

about 20% of the overall cost which makes it a 

challenge for the inventory control and storage. 

 

Figure 6. Building Blocks for iPassives 

ADI’s iPassives (Figure 6) is a technology that is used 

in SiP and can be used as flexible design tool that 

enables the design of system solutions to have the best 

performance and robustness in exceptionally short 

development cycle times. As illustrated in Figure 7, 

iPassives offer precise matching through fabrication on 

a large area substrate or wafer, under the same 

condition, and under the same batch of material.  

iPassive components having the same manufacturing 

process are placed closely together within microns, 

eliminating the problem encountered in solder and 

parasitic elements. In Figure 7, it can be seen that the 

resistance of iPassive resistors closely matches each 

other as indicated by the color gradient. This allows 

signal chains to achieve very accurate gain, offset, and 

common-mode rejection across temperatures, with a 

tight distribution across channels or devices.  

 

Figure 7. Matching of discrete vs. passive resistors 

ADI has brought these advantages a step further by 

employing their use in μModule solutions. ADI is using 

iPassives to tie these integrated circuits together and 

in doing so are building complete precision signal 

chains within a single device. In Figure 8, we can see 

which components are iPassives in ADAQ4003 design. 

 

Figure 8. iPassives in ADAQ4003 

Guaranteed System Performance, 

Faster time to Market  

In a discrete solution, the customer still needs to 

optimize and qualify their system based on individual 

performance of each device, and as a whole system. 

This is eliminated when the customer uses a µModule. 
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The µModule is a complete solution designed from 

ADI’s product portfolio, and is validated to achieve the 

system-level requirements of the application. This 

ensures functionality and excellent performance with 

minimized PCB yield loss from assembly errors such 

as wrong interconnects or cold solders. With a plug-

and-play solution, customers can market their systems 

ahead of their competitors.  

Reduced Cost of Ownership 

There are a number of secondary costs in a system’s 

development cycle that can be reduced with the use of 

a µModule. A high PCB manufacturing yield allows 

minimal manufacturing support. Once sold or released, 

a more robust system would have less demand for field 

support. The bill of materials is also simplified with a 

µModule’s high level of integration, so there is less risk 

for shortage in a customer’s supply chain.  

Products and Applications 
There are a number of µModules released in the 

market, each having their own range of applications. 

Here are a few examples of µModule products. 

 

Figure 9. ADAQ7980 

The ADAQ7980 is a 16-bit 1MSPS µModule used as a 

generic data acquisition solution for a wide range of low 

power or battery-operated applications. It includes a 

SAR ADC, a configurable ADC driver, a stable 

reference buffer, and a power management block – all 

of low power. 

 

Figure 10. ADAQ4003 

The ADAQ4003 is an 18-bit 2MSPS µModule data 

acquisition solution that integrates a SAR ADC, a fully 

differential ADC driver amplifier (FDA), and a stable 

reference buffer. With ADI’s iPassives, the differential 

network is completely matched, making the system 

more robust against common mode noise and even-

order harmonics across various temperatures. 

Application: Condition-based 

Monitoring (CbM) 

A specific application of data acquisition is for 

Condition-based Monitoring (CbM). CbM is a strategy 

that monitors a condition of a machine that helps users 

to maintain and preserve its performance and quality 

through time. CbM uses different signal types such as 

vibration and acoustics, pressure, temperature, 

voltage and current, and even magnetic field. 

Machines, high-speed trains, wind turbines, vehicle 

and airplane testing are some of the systems that uses 

CbM. 

 

Figure 11. Data Flow in a CbM System 

A CbM system involves sensing, measuring, 

processing, connecting or interfacing, and analyzing 

the data. In Figure 11, we can see that a µModule can 

be used in the measuring (or data acquisition) stage.  
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Figure 12. Signal chain of a CbM data acquisition solution 
using a µModule (ADAQ7786-1) 

Figure 12 shows a single channel data acquisition for 

a high performance CbM solution. An (1) IEPE 

accelerometer (PCB 621B40) is used to detect 

vibrations and is connected to the (2) ADAQ7768-1 

µModule which conditions the signal and acquires data. 

ADAQ7768-1 is a 24-bit single channel precision 

μModule data acquisition system integrating a PGIA, 

ADC driver, and sigma-delta ADC. This signal chain 

highlights the system’s low component count, small 

solution size, and compatibility with different sensor 

inputs.  

How are µModules evaluated? 
We know that a µModule has a number of internal 

components. Therefore, it needs power supplies, 

clocks, connectivity, and other supplementary 

functions to allow configurability to the chip, and get 

access to the correct data.  

 

Figure 13. ADAQ4003 Evaluation Board 

To ease the evaluation and testing of any component, 

ADI provides evaluation boards. Evaluation boards are 

circuits designed to test, evaluate, troubleshoot 

electronic components. For example, ADAQ4003 uses 

EV-ADAQ4003FMCZ evaluation kit as shown in Figure 

13. 

 

Figure 14. ADAQ4003 Evaluation Board Block Diagram 

As shown Figure 14, the ADAQ4003 evaluation board 

has an external voltage reference, optional input 

buffers, and an on-board power solution to the 

µModule. It is connected to a controller board, EVAL-

SDP-CH1Z, to allow communication between the 

evaluation board and a PC. Through this 

communication, we are able to capture and display 

data on its software interface in the PC, while also 

allowing the software to configure the µModule’s 

functions such as its throughput or modes of operation. 

With the evaluation kit, customers can have a quicker 

insight of the performance of ADI’s solution as part of 

their system.  
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Self-Check 
1. Among the µModules enumerated 

(ADAQ7980, ADAQ4003, ADAQ7768-1), 
which signal chain blocks are usually 
integrated in a precision signal chain µModule? 

2. In an inverting amplifier configuration, what is 
the maximum gain error of a circuit if the 
resistors have a tolerance of 10% ? 

a. What are the benefits of using 
iPassives for the same circuit ? 

3. A space-constrained data acquisition system 
only has a single supply rail of 5V. Which 
among the µModules is suitable for this 
application ? 

a. ADAQ7980 

b. ADAQ4003 

c. ADAQ7768-1 
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