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Application

Electroencephalograms (EEG) record spontaneous
electrical activities in the brain. An EEG reflects

the electrical activity of neurons under the scalp.

EEG is widely used for clinical diagnosis of

epileptic seizures, Alzheimer's disease, and sleep
disorders. Conventional EEG instruments are bulky
and uncomfortable to wear. A new wave of wearable
EEG applications are opening up the possibility of
continuous EEG monitoring, and are looking to extend
EEG-to-consumer applications. Wearable EEG can
be used in applications like epilepsy monitoring, sleep
monitoring, and in determining the alertness of the
user during activities like driving, work, and study. The
challenges in wearable EEG include low signal levels
and high contact impedance due to the use of small
form-factor dry electrodes. The AFE4960 device is
designed for low-power acquisition of EEG signals.
The device supports acquisition on two EEG channels
and an interface to up to eight electrodes. Each EEG
channel can be configured to acquire a signal from
any pair of electrodes. The high-input impedance,
CMRR, and low power consumption makes the
AFE4960 an option for wearable EEG applications.
The AFE4960P additionally has a PPG signal chain
which can be used for SpO2 measurements.

AFE4960

« Interface: SPI™, I2C interfaces: selectable by pin

* Package: 2.6-mm x 2.6-mm DSBGA, 0.4-mm pitch
e Supply:1.7V-19V

Features

* FIFO with 128-sample depth
* Internal oscillator, external clock options

Differentiation

* Low-noise EEG signal acquisition on two channels

* Flexible electrode interface to up to eight EEG
electrodes

* Integrated bias voltage

* High input impedance, excellent CMRR

* Measurement of lead impedance
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Figure 1 shows a concept wearable EEG system.
Example locations for wearable EEG signal
acquisition are the forehead and in or around the ear.

Figure 1. Example of Wearable EEG

Figure 2 shows a reference schematic of the
AFE4960 used to realize a wearable EEG system with
interface up to eight electrodes.
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Figure 2. Wearable EEG System Using AFE4960
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Figure 3. AFE4960 Signal Chain

Figure 3 shows the EEG signal chain in the AFE4960 interfaced to four EEG electrodes - S1, S2, S3, and BIAS.
Use the input switch matrix to construct the two EEG channels as:

EEG Channel 1 = (S7 - S3);
EEG Channel 2 = (S2 - S3).

The RLD switch matrix can be used to connect the output of the RLD amplifier to the BIAS electrode. The RLD
amplifier can be configured either in feedback or in unity gain mode to drive 0.9 V on the BIAS electrode.

Table 1 shows the AFE4960 specifications for a wearable EEG system.

Table 1. Specifications for a Wearable EEG System

Parameter AFE4960 Comments
Multiple EEG electrodes Upto 8
Multiple EEG channels 2
Low input referred noise 2.7 WWpp 70-Hz bandwidth
High sampling rate 1.33 kSPS Programmable sampling rate
Low power consumption 550 pWich At maximum sampling rate
Note

While the AFE4960 provides an excellent signal chain for EEG signal acquisition with low noise and
high input impedance, there are other challenges involved in acquiring good-quality EEG signals on
a wearable device. The positioning of the electrodes can play a significant role in getting strong
EEG signals. Additionally, the high contact impedance from small form-factor electrodes can pose
significant challenges to the signal quality.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.
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