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                  Background 

 
Before describing preamplifiers, it is important to understand some basics of electrical theory.  A signal trace seen 
on an oscilloscope or computer screen is typically a time-varying voltage. (In our case the spin moment induces a 
voltage in a loop and is subsequently sampled.)  Electrical power is proportional to the square of the voltage.  
Because of the extremely large dynamic range of many signals, including MRI signals, the decibel (dB) scale is 
often used.  This is normally used with some reference value.  For example the power out of a typical LNA could be 
1000 times greater than the forward input power.  The dB scale can be used to describe the power gain and is 
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Noise figure is a measure of how ideal the noise performance of a component.  For an amplifier with gain G, the 

noise figure is typically defined (in dB) as dB
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of its own, the noise figure would be 0 dB since the ratio inside the log function would be 1.  Real LNA’s have noise 
figures of approximately 0.5dB.  This means that an ideal preamplifier (as taken from the aliens of Area 51 for 
example) could only improve SNR by about 6%.  Super-cooling the preamplifier could, in principle, obtain most of 
this 6% gain as well.  It is interesting to point out that LNA’s always lower SNR.  They lower SNR less than if they 
are not used, but still they can only lower it.  This figure shows a typical gain curve for a low impedance narrow 
band preamplifier. 

 
The Fluctuation-Dissipation Theorem is extensively used in the treatment and understanding of noise in electrical 
circuits.  Essentially, it says that any passive material that dissipates power also generates noise in a precisely related 
way.  For a receiving system, if cables connectors, switches, etc. drop 1dB of power as a signal passes through, it 
also has a 1 dB noise figure.  The secret of the LNA is that the noise from the source preceding the preamplifier is 
amplified to such an extent that is can be considered as signal.  This is because the amplified noise is much, much 
greater than the noise associated with loss in the system.  This is exemplified by the cascade noise figure equation 
associated with the block diagram below.   
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The noise figures and gains are linear factors in this equation, and are thus not in dB.  The loss in block 2 can be 
called G2, a gain that is less than 1. 
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To put some numbers with this, suppose NF1 is 1.1, NF2 is 1.6, NF3 is 1.5, G1 is 1000, and G2 is 0.63.  G3 is 
unimportant to the total noise figure, which is  
 
             1.1 + .6/1000 +.5/630 =  1.101. 
 
This demonstrates the importance of the first noise figure and gain.  The large gain of the first stage creates high 
immunity from losses later in the system.  From this perspective, the closer the preamplifiers are to the coils, the 
better the total noise figure. 
 
What does a low impedance preamplifier do and how does it work? 
1. It reflects 95% or more of incoming power resulting in terrible power efficiency. 
2. It kills the Q of coils (if matched a particular way). 
3. It kicks butt for array coils. 
 
Low impedance preamplifiers are now used almost exclusively in MRI (Roemer, et al, MRM 16, 192-225 (1990)).  
The input impedance of these devices is typically from around 0.5 ohms to 3 ohms real.  There will be later 
discussion of the schematic for these devices, but for now we only need to focus on the front end of a simple 
preamplifier.  
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The FET input impedance is relatively high, so that the dominant impedance is just the series combination of the 
capacitor and inductor that have been chosen to be resonant at a given frequency.  The residual impedance is 
predominantly the real part of the inductors impedance and some resistance from the FET itself.  Generally the 
higher the Q of the inductor, and the lower the reactance of the inductor (and capacitor), the lower the input 
impedance of the preamplifier.  For example, assume that the input impedance of the preamplifier is 1 ohm and 
consider some consequences. 
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.  The power delivered to the low impedance case 

is 650 times less than for the matched case.  Interesting. 
 
Consider a coil that is matched using the following circuit: 
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The impedance “seen” by the spin voltage V, is  Rcoil(1+50/Rpreamp).  It can be seen that if the preamplifier is 50 
ohms, then the matched condition occurs, and the impedance is just 2Rcoil.  However if the preamplifier is 1 ohm, 
then the impedance “seen” is 51Rcoil.  This represents an effective Q drop of a factor of 25.5 compared to the 
matched case.  It also is associated with a current reduction by a factor of 25.5.  This is the current that would create 
a secondary field that would induce voltage in other loops with mutual inductance.  Therefore this effect lowers the 
inductive coupling by a factor of 25.5. These observations should go a long way towards explaining points #2 and 3 
above.  If the impedance of the preamplifier dips below 1 ohm, the effect is almost identical to using a diode 
decoupling trap, but without SNR loss. 
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Consider the voltage delivered to the FET in the low impedance preamplifier case, compared to a 50 ohm case: 



In the case of the low impedance preamplifier above, assume that Rp is 1 ohm and Xp is 250 ohms.  These are 
feasible values, although the Q is quite high.  To calculate the voltage across the FET, it will be assumed that the 
impedance of the FET can be ignored, and furthermore, approximations are used for Rp << Xp.  The magnitude of 

the voltage at the resonant frequency across the FET input is then 
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voltage is simply V/2.  Thus the voltage is almost 10 times higher for the mismatched condition.  Also interesting. 
 
The figure below is a screen capture from a network analyzer showing plots of two different conditions.  One 
condition is as discussed here, with a coil connected to a low impedance preamplifier.  A shielded loop is used to 
excite the coil and the plot is the effective transfer function from the loop to the output of the preamplifier.  The 
associated plot is the one with the low flat response around the frequency of interest.  The second condition is the 
same except with a 90 degree phase shifter inserted between the coil and preamplifier.  This results in a narrow band 
response as shown.  The coil is totally un-decoupled as if it were freely resonating.   

 
The overall configuration of the basic low impedance preamplifier can be observed from US patent #4,835,485.  The 
following schematic is based on this design. 
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The labeled resistors are all valuable for adjusting properties of the preamplifier.  Rb optimizes the FET bias for best  
noise figure while Rd optimizes the dynamic range.  Resistor Ro sets the overall characteristics of the second gain 
stage and Rs controls gain vs stability of the output stage.  Much of the schematic above is related to the biasing 
operations of the preamplifier.  The simplicity greatly increases by making a schematic in which all RF chokes are 
replaced by opens and RF shorting caps (DC blocks) are replaced by shorts.   


	Table of Contents
	2006 Annual Meeting Program Committee
	Continuing Education
	Declaration of Speaker Financial Interests or Relationships
	================
	Saturday, 6 May 2006
	MR Physics for Physicists - Day 1 - 08:30 to 18:00 ~ Room 6E
	Origins of the Equations of Magnetization Dynamics 
	Numerical Implementation of the Bloch Equation to Simulate Magnetization Dynamics and Imaging
	Alternate Mechanisms for Spin Polarization
	Imaging Strategies for Hyperpolarized Elements and Molecules 
	Contrast Mechanisms in Molecular Imaging - No syllabus contribution available
	Quantum Mechanical and Semi-Classical Theory of Relaxation
	Relaxation and Contrast Mechanisms in Living Tissue 
	Fast SE/TSE/RARE, Refocusing with Low Flip Angle Pulses
	Fast Gradient Echo Including SSFP
	Pulse Sequence Design for EPI and Non-Cartesian Sampling
	Limits of SNR and Practical Consequences 

	Quantitative Image and Data Analysis - Day 1 - 09:00 to 17:40 ~ Room 613-614
	Introduction to Quantitative Analysis 
	Mapping of Quantitative MR Parameters
	Statistical Analysis of Quantitative MR Data: Basic Methods
	Artifacts, Noise, Filtering and Compensation Techniques 
	Image Registration and Motion Correction 
	Feature Extraction, Shape Fitting, and Image Segmentation
	Quantitative Morphology: Volumes, Shapes, and Voxel-Based Measures
	Motion Estimation, Modeling, and Compensation  
	Bulk Flow Measurements and Angiography 

	Advanced Body Imaging - 08:30 to 18:15 ~ Room 6D
	Approach to Diagnosis of the Difficult Liver Lesion with MRI
	Liver Specific Contrast Agents: An Update
	Assessing Tumor Response in Liver Therapy
	Pancreas: From Structure to Function
	MRCP and MRI in the Evaluation of Bile Duct Obstruction
	MRI of Ano-Rectal Diseases
	MRI of Prostate Cancer: Diagnosis, Staging, and Treatment 
	The Role of MRI in Evaluating Benign Uterine Disease
	Diagnosing, Staging and Stratifying Patients with Malignant Uterine Disease
	Characterizing Adnexal Masses: Pearls and Pitfalls
	Optimizing Your Breast MRI Technique
	MRI Criteria to Diagnose Breast Cancer 
	MRI Screening of High Risk Women
	MR Guided Breast Interventions

	Clinical MRI: From Physical Principles to Practical Protocols - 08:00 to 17:45 ~ Room 615-617
	Overview of MR Physics
	Musculoskeletal MR Principles (Spin-Echo, FSE, Gradient Echo)
	Musculoskeletal MR Practical Protocols 
	Body MR Principles (STIR, Gradient Echo, Fast Imaging Tricks)
	Body Protocols
	Vascular MR Principles (TOF, 3D GRE)
	Vascular Protocols
	Neuro MR Principles (FLAIR, EPI-Perfusion, Diffusion)
	Neuro Protocols  
	Cardiac MR Principles (Gating, True FISP, Phase Contrast)  
	Cardiac Protocols

	Diffusion and Perfusion Methodology - 08:30 to 18:15 ~ Room 6C
	Theory of Diffusion
	Biophysical Underpinnings of Diffusion
	Tensor Encoding / Decoding
	Sequences for Diffusion MRI
	Artifacts and Pitfalls in Diffusion MRI -  No syllabus contribution available
	DSI/ Qball/ GDTI and Tractography
	Theory of Perfusion Measurements
	DSC Perfusion (with Pitfalls)
	ASL Perfusion - Pulsed/Continuous
	New Ideas in Perfusion
	Exchange
	Clinical Applications of Diffusion/Perfusion MRI: A Review

	Molecular Imaging - 08:00 to 17:50 ~ Room 602-604
	Introduction
	Imaging Technologies I: Physical Principles, Technical Issues
	Imaging Technologies II: Comparison of Techniques, Strengths/Weaknesses, Fusion
	Combined Technologies: MRI/PET, PET/CT, MRI/Optical Œ Instrumental Aspects - No syllabus contribution available
	Concepts of Probe Design I: Physical Principles of Reporter Moieties
	Concepts of Probe Design II. Design of Target-Specific Probes
	Combined Technologies: Multimodal Probes
	Non-Invasive Imaging of Cell Signaling
	Imaging the Function of Gene Products
	Monitoring Cell Migration
	Molecular Imaging in Drug Research 
	Molecular Imaging and Atherosclerosis
	Molecular Imaging in Experimental Therapeutics of Cancer

	MR Spectroscopy in Clinical Practice - 08:30 to 18:00 ~ Room 611-612
	Basics of MR Spectroscopy for the Practicing Clinician
	1D, 2D and 3D Localization Techniques and Shimming
	Data Processing and Interpretation
	1D and 2D Quantification Methods
	Quality Assurance and Artifacts
	Clinical Potential of C- and P-MRS
	MRS in Congenital Metabolic Disorders
	MRS in Pediatric Tumors
	MRS in Perinatal Asphyxia
	MRS, MRI & fMRI in Epilepsy Surgery
	MRS in Therapy Planning and Follow-up of Adult Brain Tumors
	MRS in Stroke, MS and Infectious Diseases
	MRS in Neurodegenerative Diseases
	MRS in Psychiatric Diseases
	P31-MRS of Muscle Diseases
	MRS of Prostate Diseases

	RF Systems Engineering - 08:30 to 18:15 ~ Room 618-620
	Overview of Signal Detection and the RF Chain
	Principles and Modeling of the Signal Detection by a Coil
	Introduction to the World of RF; Transmission Lines, Impedence Transformers, and RF Components
	RF Measurements: The Network Analyzer and Smith Chart
	Preamp Design and Characterization 
	T/R Switchs, Baluns, Traps, and Active Detuning Elements
	Volume Coil Types and Design Principles
	Array Coil Types and Design Principles
	Modeling the EM Wave Interaction with the Body and SAR 
	Transmit SENSE Coil


	===============
	Sunday, 7 May 2006
	MR Physics for Physicists - Day 2 - 08:30 to 18:00 ~ Room 6E
	MR Elastography
	Velocity Encoding and Flow Imaging
	Gridding for Non-Cartesian k-Space Sampling
	Reconstruction for Multi-Coil Acquisition
	Generalized Spatial and Temporal Interpolation, Limited Data Reconstruction
	Overview of the Technical Challenges
	Optimized Pulse Sequences at High Field 
	Principles of Parallel Transmission
	Physical Principles for the Assessment of MRI Safety at High Field 

	Quantitative Image and Data Analysis - Day 2 - 09:00 to 17:40 ~ Room 613-614
	Perfusion/Permeability 1: Tracer Kinetic Modeling Using Contrast Agents
	fMRI Modeling and Analysis
	Perfusion/Permeability 2: Modeling of Arterial Spin Labeling Signals
	Spectroscopy Modeling and Analysis
	Elastography Modeling and Analysis
	Data Presentation and Interpretation: Rendering, Data Fusion, and Surgical Planning
	Quantitative Data in Clinical Practice - No syllabus contribution available

	Experimental Methods in MR of Cancer - 08:30 to 17:15 ~ Room 6C
	Evaluating Pathways, Inhibition and Regulation Using MRS
	Choline Metabolism: Meaning and Significance
	Clinical Applications of Magnetic Resonance Spectroscopy
	Measuring Vascular Properties Using Contrast Agents
	Tracer Kinetic Models: Extracting Physiological Vascular Information
	Measuring Vascular Properties Using Intrinsic Contrast Mechanisms (inc BOLD)
	Hypoxia and its Assessment
	Clinical Applications of MR Methods That Assess Tumor Vascular Functionality
	Associating MR Findings with MR Gene and Protein Expression
	Diagnosis of Cancer Using MAS
	Apoptosis: MR Consequences
	Diffusion MRI:  A Biomarker for Cancer Treatment Response

	Multi-Modal fMRI: Physiology, Acquisition, and Analysis - 08:30 to 18:15 ~ Room 611-612
	Brain Oscillations and Neural Networks
	Physiology, Hemodynamics, and BOLD Signals
	fMRI Paradigm Design
	Pre-processing of BOLD fMRI Data
	General Linear Model for BOLD fMRI Analysis
	Independent Component Analysis of BOLD fMRI Data
	Diffusion Tensor Imaging: Acquisition and Processing
	DTI/fMRI: Integration/Synergy
	Low-Frequency BOLD Fluctuations and Brain Functional Connectivity
	Perfusion-Based fMRI
	Blood-Volume-Based fMRI

	Demystifying Biomedical MR Spectroscopy: Challenges, Advanced Concepts, and Applications - 08:00 to 15:15 ~ Room 615-617
	The Art of RF Pulse Design for MRS 
	Spectral Editing - Uncovering Hidden Metabolites
	What is the "Hype" in  Hyperpolarization?
	New Approaches to Spectral Processing and Quantification
	Ex Vivo Spectroscopy - Linking the Benchtop to the Clinic
	Multi-nuclear MRS of Metabolic Dynamics in the Brain
	New Approaches to MRS of Cerebral Disorders
	Spectroscopic Window on Tumor Metabolism
	Advances in MRS of Diabetes and Obesity

	Musculoskeletal Imaging - 08:00 to 17:25 ~ Room 618-620
	Shoulder MR Update
	MRI of the Elbow
	MRI of Muscle Injury
	MRI of the Wrist and Hand
	Knee MR Update
	MRI of the Ankle
	MRI of the Hip
	Bone Marrow Imaging
	MRI of Soft Tissue Pseudotumors

	Advanced Brain MR Imaging - 08:30 to 17:45 ~ Room 602-604
	Protocol Update: Stroke, Tumors, Epilepsy and MS - No syllabus contribution available
	High-Resolution Cortical Imaging
	Parallel Imaging: Concepts and Applications
	Brain Imaging at 3T and Challenges at 7T
	Measuring Brain Volume Changes: the Tools
	Volumetrics of Brain Development
	Volumetrics of MS and Aging
	DSC Perfusion: Concepts and Applications
	ASL Perfusion: Concepts and Applications
	DTI: Concepts, Quantification and Quality Issues
	DTI of Brain Development
	Fiber Tracking: Concepts and Applications
	Data Analysis, Reproducibility and Reliability, Pitfalls
	Clinical Applications: Surgical Planning in Tumors 
	Clinical Applications: Neurodegenerative Disorders and MS

	Cardiac MRI - 07:30 to 17:15 ~ Room 6D
	Imaging of Coronary Artery Disease with MRI/MRA
	Ischemia Detection Using Perfusion, BOLD, etc.
	Ischemia Detection Using Wall Motion, Strain, etc. - Late addition to program/no syllabus contribution available
	Myocardial Viability: DE-MRI and LD-Dob
	MESA
	ICELAND MI:  An Epidemiology Study of Unrecognized Myocardial Infarction - No syllabus contribution available
	MR-IMPACT (Perfusion)
	Controversies and Approaches to Stem Cell Revascularization - Late addition to faculty/no syllabus contribution available
	Evaluation (Function, Ischemia) of Stem Cell Therapy Patients
	Stem Cell Labeling, Tracking, and Delivery in Cardiovascular Disease
	Stem Cell Therapy in Acute Myocardial Infarction
	Cardiac Imaging: 1.5T vs 3.0T - Where's the Benefit?
	Interventional CMR
	Cardiac Intervention





