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Outline – For MRI RF Technology Students  
• Overview of transmission lines, differential mode, common-mode blocking, phase shifting, and impedance matching 
• Basic network theory, lumped element equivalent model of transmission line 
• Phase shifter and matching RF networks 
• RF networks: baluns, splitters/combiners, hybrids, preamp decoupling, transmit decoupling 
 

Audience Objectives 
• To understand some of the typical RF circuits used in MRI 
• To be able to go back to the lab and build them 

 

Transmission lines, such as a co-axial cable, stripline, or optical fibre, are used to propagate electromagnetic waves 
between the output and input of electrical devices.  In an ideal electrical transmission line such as a co-axial cable, the 
MRI signal is propagated as differential-mode TEM fields that are fully contained between equal and opposite currents 
flowing in the two conductors (Fig.1).  Unwanted, are common-mode RF propagation (equal currents flowing in same 
direction) due to an unbalanced (voltage not equal and opposite) connection-interface or coupling to unbalanced external 
fields (body transmit coil, or other Rx-cables). 

Fig.1: (Left) Differential-mode fields of a co-axial 
transmission line, showing TEM fields (E-solid, B-
dash) and equal and opposite currents. (Middle) ferrite, 
tuned Bazooka balun, and tuned solenoid cable traps 
used to suppress common-mode currents/fields (Right). 

 

Phase Shifting and Impedance Matching using Transmission Lines  
For a transmission line with a fixed characteristic impedance ZC = Z0 = 50 ohms,  
Since θ is frequency dependent, so is the transformed impedance.  If the line length is a multiple of λ/4 (n*90°), then Zin = 
Z0

2/ ZL , meaning that a n*90° line transforms a open to a short and a short to an open, the latter being extremely useful in 
creating high impedance for blocking RF current or signal propagation!  
  

It is much more common to use discrete components rather than transmission lines to produce phase shifts and impedance 
transformations, so it is extremely useful to model an electrical transmission line as a linear two-port network shown in 
Fig. 2, with characteristic impedance ZC (typically = Z0 = 50 ohms).   

  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 2: Two-port complex-impedance lumped element representations of a transmission line; T-network (Left), and π-
network (Right), and corresponding component formulas for characteristic impedances R1 and R2, and phase shift θ. 
 

In this talk, network analysis will be described to allow one to determine the above sets of lumped element phase shifter 
and impedance matching RF networks, and then real examples of the design and construction of various MRI RF 
networks will be shown, such as; phase shifters, RF coil input matching baluns, quadrature hybrid (splitter/combiner) 
designs, Tx/Rx switches, phased array Rx-coil active/passive decoupling, and phased array preamplifier decoupling 
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