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Introduction to Magnetic Resonance Imaging (MRI)
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Magnetic Resonance Imaging is a non-invasive
diagnostic technology that produces anatomical
images. Unlike computed tomography (CT), MRI does
not carry the risk of ionizing radiation exposure. The
MRI system shown in Figure 1 uses a superconducting
magnet to align hydrogen atoms in the body; then
excites the atoms with radio frequency (RF) energy
from the transmitting RF coil. As the atoms return to
equilibrium, energy is released in the form of radio
waves which are recorded by the receiving RF coil.
The rate at which the atoms return to equilibrium, as
well as the energy released, is determined by the
location and chemical makeup of the surrounding
material. This information is processed to create
images of the tissues present in the body.
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Figure 1. MRI System

Accurate signal processing is critical in order to
obtain high-quality images. An important system
consideration for the receiving channel is high
signal-to noise ratio (SNR). The return signals have
narrow bandwidths, with an intermediate frequency
(IF) location dependent on the main magnet’s
strength. Some systems use high-speed pipeline
analog to digital converters (ADCs) with wideband
amplifiers to sample the IF, leaving large headroom
for post-processing gain by a digital down
converter of the field programmable gate array
(FPGA). Other systems mix the IF to baseband
where lower speed, higher resolution successive-
approximation-register (SAR) and delta-sigma
ADCs can be used.

Texas Instruments’ ADS5263 in Figure 2 delivers a
very high SNR of 84.6dBFS, with 10MHz input and
a sampling frequency of up to 100MSPS. Coupling
this with up to 4VPP full-scale input enables a very
strong signal and a high-range of signal variations
for the best image clarity and contrast. The quad-
channel architecture, low power consumption of
380mW/channel and the small footprint of the
ADS5263 allows system designers to design
smaller, more compact systems than was
previously possible with existing single or dual
channel solutions. A non-magnetic package option
allows for operation in a strong magnetic field.
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Figure 2. ADS5263 Functional Diagram

High-resolution, high-speed digital-to-analog
converters (DACs) are needed to control the magnetic
and RF energy in the MRI system. High resolution is
required to accurately define the area of the patient to
be scanned and high speed is needed to match the
high IF’'s generated by the main magnet.

Digital signal processors (DSPs) can be used to
provide gradient processor control for properly
manipulating MRI system magnets. DSPs are also
useful for implementing signal processing
functionalities in MRI devices. MRI reconstruction is
based mostly on 2-D fourier transformation. In
addition, functionalities like auto and cross-correlation,
curve fitting, combining sub-images and motion
stabilization are required to pre- and post-process the
image to reduce various artifacts.
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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