
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

On the SNR of Cryogenic Receive Coils when using Room Temperature Preamplifiers

Johansen, Daniel Højrup; Sanchez, Juan Diego; Zhurbenko, Vitaliy; Ardenkjær-Larsen, Jan Henrik

Publication date:
2019

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Johansen, D. H., Sanchez, J. D., Zhurbenko, V., & Ardenkjær-Larsen, J. H. (2019). On the SNR of Cryogenic
Receive Coils when using Room Temperature Preamplifiers. Abstract from ISMRM 27th Annual Meeting &
Exhibition, Montréal, Quebec, Canada.

https://orbit.dtu.dk/en/publications/2f39dc2d-3b99-4006-a634-e47ab31b9681


1508
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Technical University of Denmark, Kgs. Lyngby, Denmark, General Electric, Brøndby, Denmark

Synopsis
Significant increase of the signal-to-noise ratio (SNR) is possible by cooling receive coils to cryogenic temperatures, if they are not highly

sample noise dominated. Conventionally, the noise of the preamplifier is excluded leading to an overestimation of the achievable SNR gain. In

this work, we show that for the case of a small-animal birdcage coil for C at 3T cooled with liquid nitrogen to 77K, the SNR is overestimated

by approximately 40% if the effect of the room temperature preamplifier is excluded. Hence, the preamplifier should either be included in the

SNR gain estimation or cooled with the coil.

Introduction
In low-  imaging, such as C, Na, and N, the sample loading is lower compared to H imaging. As a consequence, the electronic noise from coils and

preamplifiers is dominating and has to be minimized to ensure efficient sample loading. Lowering electronic noise can be achieved by cooling copper coils

with e.g. liquid nitrogen (LN)  or using high temperature superconductors (HTS) . Many of the articles dealing with cryogenic coils assume that the

preamplifier is the same for both the room temperature and cryogenic coil.  However, this may only be partially true because the noise figure of a

preamplifier is defined in terms of the noise on the input, which depends on the temperature. Hence, even though the preamplifier is physically the same for

the two cases, the noise figure changes in respect to the reference temperature. In this work, we present formulas for including the preamplifier noise

based on noise figure simulations or measurements. Further, we show that, in many cases, excluding the noise added by the preamplifier yields too

optimistic SNR gain estimates.

Theory
The SNR gain when comparing a room temperature coil with a cryogenic coil is often described by

where superscripted  and  refers to the room temperature and cryogenic coil, respectively.  is the temperature of the coil,  is the unloaded

Q-factor, and  where  is the loaded Q-factor. For the above equation, it is assumed that the preamplifier only adds a negligible

amount of noise. However, if the preamplifier is used for both the room temperature and cryogenic coil, the noise figure (and thus the SNR impairment)

increases as the reference temperature drops. This is because the noise figure is a relative measure. The usual reference is the equivalent noise

generated by resistor at a temperature of K (as per the IEEE definition). Hence, when the reference temperature changes the noise figure also

changes. The equivalent noise temperature is defined as

where  is the noise figure of the preamplifier measured at a given reference temperature . Hence as the reference temperature is decreased by

cooling the coil, while the equivalent noise temperature of the preamplifier remains constant, the resulting cryogenic noise figure increases as described by

Extending the first equation with the following two yields

Methods
For SNR comparisons, a room temperature and cryogenic eight-rung low-pass quadrature transmit-receive (T/R) birdcage coil was constructed. The

birdcage coils are mounted on a fiberglass tube with an inner diameter of 50mm and a thickness of 1.5mm. The coils have a length of 100mm and an inner

diameter of 53mm. The conductor is 2mm diameter copper wire. A self-built RF front end consisting of a T/R switch, quadrature coupler, and preamplifier

was used with a total noise figure of 1dB (at reference temperature of 290K) for the receive path. The cryostat is built using a styrofoam box where the

cryogenic coil is completely submerged in LN. See Fig. 1. for pictures of the room temperature coil, cryogenic coil, and the RF front end.

The two coils were measured at 32.1MHz ( C) in a clinical 3T scanner (MR750, GE Healthcare, Waukesha, WI, USA) using a CSI sequence with

TR=500ms and 30 degree flip angle. The sample was a 50ml tube with 30mm diameter and length of 120mm filled with ethylene glycol mixed with 1.7

NaCl g/L (to provide adequate loading).

Results
Simulated results are seen in Fig. 2 and 3. Bench measurements show , , , and . The corresponding

SNR gain calculated using the first equation yields 2.5 whereas using the final equation yields 1.6.

Imaging experiments, seen in Fig. 4, yielded a room temperature SNR of 55.5 and a cryogenic SNR of 89.7. Hence, the measured SNR gain is 1.62.
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Discussion
The conventional formula for comparing SNR between two coils at different temperatures overestimates the SNR gain, in this case, by approximately 43%

(or 90% relative to unity) when comparing against the formula presented in this work, which includes the effect of the room temperature preamplifier. The

small animal birdcage coils used for this comparison exhibit a poor sample loading of approximately 1.6% for the room temperature coil and 1.8% for the

cryogenic coil. However, higher sample loading does not mitigate the relative SNR loss caused by the preamplifier.

Conclusion
When designing cryogenic coils it is vital to include the SNR impairment caused by the preamplifier. Further, the preamplifier should be cooled together with

the coil to achieve SNR gains upwards of 40% better as compared to using a room temperature preamplifier.
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Figures

Figure 1: Images of the implemented coils. (a) shows the room temperature birdcage. (b) shows the quadrature hybrid, T/R switch, and preamplifier. (c)

shows the cryogenic birdcage and cryostat (excluding the top cover).

Figure 2: Calculated dependency on reference temperature and room temperature noise figure of (a) the cryogenic noise figure of the preamplifier and (b)

the SNR loss.



Figure 3: Calculated cryogenic noise figure (a) and SNR loss (b) as a function of the room temperature noise figure of the preamplifier at 77K. At 1dB

room temperature noise figure, the cryogenic noise figure is increased to 3dB resulting in an SNR loss of approximately 35%.

Figure 4: Scanner measurement showing an image of the cylindrical phantom with (a) the room temperature birdcage and (b) the cryogenic birdcage.
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