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Other Parts Discussed in Post: ADS7042, OPA316, TIPD168

This technical article was updated on July 23, 2020.

When trying to reduce system power consumption, one method is to look for devices to optimize or

remove. Another method is to evaluate the system as a whole and optimize for system functionality
before evaluating at the component level. In this post, I'll go over design techniques using low-power
analog components that can help optimize overall system power consumption.

Add an external ADC to reduce overall system power consumption

In low-power data-acquisition systems, integrating an analog-to-digital converter (ADC) into the
controller reduces overall component count, cost and ideally power consumption. But this approach
may actually increase overall power consumption.

When sampling at TkSPS, the typical power consumption of integrated ADCs in several low-power
microcontrollers (MCUSs) is often greater than the power consumption of a discrete ADC (Figure
1).Therefore, you can actually reduce overall system power consumption by placing a low-power ADC,
like the ADS7042 external to the microcontroller and turning off the microcontroller’s integrated ADC. In
fact, Tl's ADS7042 ultra-low-power 12-bit ADC consumes only 234nW of power when sampling at 1TkSPS.
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Figure 1: Power consumption of integrated ADCs vs. the ADS7042 at 1kSPS



- An added benefit of using a discrete ADC instead of an integrated ADC is that you can keep the
converter near the sensor signal to minimize noise pickup. A discrete ADC can also help expand the
number of analog input channels that the microcontroller can support.

One concern with adding a device to save power is the amount of required board area for the discrete

device. The ADS7042’s 1.5mm-by-1.5mm 8-pin quad flat no-lead (QFN) package is smaller than a
standard 0805 surface-mount component, thus minimizing the impact to overall system-design size. In
addition, the low pin count helps minimize routing during layout.

Examining a low-power data acquisition system circuit

Regardless of which type of ADC you ultimately choose for a low-power data-acquisition system, it is
important to understand how to optimize the circuitry around the ADC to reduce overall power
consumption. The main components in a data- acquisition system are the sensor input, the buffer to
drive the sensor signal into the ADC, the ADC and the power source for the ADC.

An example of a low-power data acquisition system is showcased on the ADS7042 BoosterPack, which
is a development board compatible with the Tl LaunchPad™ development kit ecosystem. The circuit on
the ADS7042 BoosterPack is designed to convert analog data from either an on-board ambient light
sensor or a subminiature version A (SMA) connector (Figure 2).
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Figure 2: Circuit diagram for analog input signals on the ADS7042 BoosterPack

When converting an external sensor input from an analog sensor source connected to the SMA
connector buffered by the OPA316, the driver consumes 400uA of current at 3.3V, which results in
1.32mW of power consumption. This accounts for roughly 65% of the overall system power — which
includes the power of the REFE3330 voltage reference (12.87uW) and the power of the ADS7042 ADC



- (690uW). If the sensor is directly connected to the ADC without the additional driver, as with the on-
board ambient light sensor, the sensor circuit consumes only 99uW of power. This is 7.5% of the power
consumed by the OPA316 in the first implementation of the circuit, without even taking into account the
power required to drive the analog input-signal source (Table 1).

Sensor Driver Reference ADC Total
T OPA316 REF3330 ADS7042 1333.560W +
s (1320uW) (12.87uwW) (0.69uW) SMA input
Light N/A REF3330 ADS7042
(99uW) (0pW) (12.87uW) (0.69LW) L0

Table 1: Circuit power consumption of the ADS7042 BoosterPack

Reducing the need for the driver can help reduce overall power consumption. However, there are obvious
trade-offs to using this solution. You must reduce the sampling rate of the ADC to maximize the settling
time for the input sampling capacitor (Cgy). But this has the advantage of also reducing the sampling
rate and the power consumption of the ADC, as the converter’s power consumption scales linearly with
the sampling rate (Figure 3).
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Figure 3: Power consumption of the ADS7042 vs. sampling rate

In this example, the use of an external discrete ADC helped reduce overall system power consumption.
What is your experience with low-power system designs? Please log in and share your thoughts on low-
power system design approaches in the comments.

Additional resources



e Watch this webinar to learn more about acquiring sensor data in battery-powered products with

nanowatt power consumption.
» Get started on your design with Tl Designs 12-Bit Data Acquisition Reference Designs Optimized for

Low Power and Ultra-Small Form Factor (TIPD168), which includes three different implementations

for speed, power and performance.
* Read about selecting low-power ADCs in the blog, “Pretty much everything you've ever wanted to

know about ADCs” by my colleague Mark Easley.
* Check out our latest RoadTest review of our ADS7042 BoosterPack and MSP430FR4133 through
Premier Farnell's element 14 community.

® 0comments & 0 members are here

/;[:]r:;.



