Circuits for CT Scanners and SPECT
Gamma Cameras

Introduction to Medical Imaging
— X-ray Computed Tomography (CT)
— Nuclear Medicine

» Single Photon Emission Computer Tomography (SPECT)
» Positron Emission Tomography (PET)

VLSI Circuits for CT and SPECT

Merging CT and SPECT hardware into one imaging
technology.

Highlights from CMOS Emerging Technologies workshop
(www.cmoset.com) recently held in Vancouver
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Motivation for Medical Imaging

Healthcare costs

* Enormous spend - $1.8Tin US
Admin costs = $3008

Shrinking population of doctors

System cannot handle excess capacity

Chronic care = 70% of cost

Huge markets! s

oz P

$30B

Traditional  Broader Pharma Global
Diagnostic  Diagnostics Healthcare
Imaging  Opportunity Spend

http://www.ecse.rpi.edu/censsis/

Clinical efficacy

* 50% of heart failure = death (265k/yr*)
« $32B US* healthcare spend on strokes

» Adverse drug events = 770K US deaths
or injuries / year**

* 9 people / 100 unintended infection

"Amerioon Heart Assodichon, 2008

=*Reducing ond Preventing Adverss Drig Events To Decrease Hospitol Costs. Ressanch in
ction, tesue 1. ARG Publication Mumber 01-0020, March 2001 Agency for Healthoare
Resmarch ond Cuokty, Rocidlle, MO



Healthcare Trends Drive Imaging Growth

Millions of individuals 65+
100

% of pop 65+ * People over the age of 45 require 3

to 4 times as many imaging
} investigations as those under the
age of 45

US 13%
Europe 17%
Japan 20%
Chino 8%

Aging Population
Globally

3™
25M

Jopon U5  Europe Chino

* Cancer / Heart disease #1 killers
BreastProstate Cancer 428 473 — Cardio: 1/3 of oll deaths china
i Stroke fEat: i ' = ¥ Europe
Disease Trends Ised5e ]
Incidence AT 902 993 — Top cause 40% US
(000's) . . *» Obesity on the Rise
2005 2010f

2000 » More patients with Multiple Diseases

Sounoe: Momsion Mk Epl Dotatsisa

» Advent of diagnostic-driven disease
management

* Technology fusion shows anatomy,
molecular, therapeutic efficacy

* Improved image quality for better
diagnoses

From Shapes

to Molecular

* Foster exam times shift to
outpatient and non-invasive

http://www.ecse.rpi.edu/censsis/



Variety of Techniques Available

Activabed
Contrast Malaty

MRI PET Opticall Molecular Imaging
|maging Modalities
Ultrasound

L4

’ Nuclear medicing Imaging

Optical  Photonics Electronics
100keV  10keV Imaging m—

| Ultra-

101%Hz  1018Hz 10%Hz 10%%Hz  10%°Hz 1014Hz ~ 10%3Hz  102Hz  10YHz  10%%Hz

Frequency

' X Ray Imaging Terahertz MRI '

http://www.ecse.rpi.edu/censsis/ Imaging




CT vs. Nuclear Medicine (PET/SPECT)

Detector

! " Detector



CT/PET/SPECT Trends

MAMMOGRAPHY & RADIOGRAPHY
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X-Ray & Computed Tomography (CT)

Measuring line integrals of attenuation coefficients n

A x-ray beam travelling along line j
15 attenuated by the object according
to Beer’s law for the photon
intensities 7

4

| a '
I, =1, -e::r;p-qi - Jﬂa(?*}dﬁ

N |.'I.EI.EJI .__.l

The photon mntensities [ are
preprocessed to projection data p

p;=- m% = [u(@)di
4] line
Thus we have to solve a set of
integral equations for the
attenuation coefficients .

Source:



CT Scanner - Principle

From Kris Iniewski, “X-ray and Computed Tomography Imaging Principles”, in Medical
Imaging Electronics, K. Iniewski (Ed.), Wiley 2009.



CT Scanner - Reality



X-Ray Imaging to CT Imaging

http://www.ecse.rpi.edu/censsis/









SPECT Gamma Cameras







SPECT Diagnostic Example

Left: SPECT scans of the brain of a three year old  male near
drowning patient shown shortly after the accident s howing
decreased brain activity. The patient presented in a persistent
vegetative state, and was pronounced blind with sev ~  ere spasticity.

Right: SPECT scans of the same child taken 9 months later

demonstrating increased brain activity and blood fl ow following
120 hyperbaric oxygen treatments. The child was now alert,
responsive, laughing, eating and drinking normally, walking,

speaking bi-lingually, and had regained normal visi on.



SPECT vs. CT

3 @ % )81% " ! <
A |

1 1 ! (
D" / 0 81 $/ % !
% E!' "

3 @ E

C! % % "
%! $F % )81$ C!"
L



Safety and Biohazards of CT/SPECT
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Radiation Detection Principle



Radiation Detector Front End

http://www-physics.lbl.gov/~spieler/Heidelberg_Notes/



Charge Sensitive Amplifier (CSA)



CSA Calibration



Analog Signal Processing Chain

http://www-physics.lbl.gov/~spieler/Heidelberg_Notes/



Data Readout



Noise Spectrum

http://www-physics.lbl.gov/~spieler/Heidelberg_Notes/



Noise Equivalent Circuit

http://www-physics.lbl.gov/~spieler/Heidelberg_Notes/



X-Ray Detector Readout System

Pawel Grybos, “Detector Interface Circuits for X-ray Imaging”, in K. Iniewski (Ed.)
Circuits for NanoScale — Communications, Imaging and Sensing, CRC Press 2008



Feedback Configurations

Pawel Grybos, “Detector Interface Circuits for X-ray Imaging”, in K. Iniewski (Ed.)
Circuits for NanoScale — Communications, Imaging and Sensing, CRC Press 2008



Leakage Current Compensation

Pawel Grybos, “Detector Interface Circuits for X-ray Imaging”, in K. Iniewski (Ed.)
Circuits for NanoScale — Communications, Imaging and Sensing, CRC Press 2008



DEDIX (Dual Energy Digital Imaging of X-ray)

Pawel Grybos, “Detector Interface Circuits for X-ray Imaging”, in K. Iniewski (Ed.)
Circuits for NanoScale — Communications, Imaging and Sensing, CRC Press 2008



DEDIX — Single Channel

Pawel Grybos, “Detector Interface Circuits for X-ray Imaging”, in K. Iniewski (Ed.)
Circuits for NanoScale — Communications, Imaging and Sensing, CRC Press 2008



Example: 8 keV photons from X-ray Tube

Pawel Grybos, "Detector Interface Circuits for X-ray Imaging’, in K. Iniewski (Ed.
Circuits for NanoScale — Communications, Imaging and Sensing, CRC Press 2008



Medipix 2 (256x256) — Pixel Readout

X. Llopart, M. Campbell, R. Dinapoli, D. San Segundo, E. Pernigotti, "Medipix2: a 64-k

Pixel Readout Chip With 55-mm Square Elements Working in Single Photon Counting Mode,*
IEEE Trans. Nucl. Sci., vol. 49, no. 5, 2002, pp. 2279 - 2283.



Medipix2 (256 x 256) — Chip Floorplan

X. Llopart, M. Campbell, R. Dinapoli, D. San Segundo, E. Pernigotti, "Medipix2: a 64-k

Pixel Readout Chip With 55-mm Square Elements Working in Single Photon Counting Mode,*
IEEE Trans. Nucl. Sci., vol. 49, no. 5, 2002, pp. 2279 - 2283.



Medipix2 Cell Layout



PILATUS Pixel Cell

Bronnimann et al.:"The Pilatus 1M Detector," J. Synchrotron Rad., 13, 2006, 120-130.



Common Circuit Requirements
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Power vs. ENC Trade-off

From Gianluigi De Geronimo, “Low-Noise Electronics for Radiation Sensors”, in Medical
Imaging Electronics, K. Iniewski (Ed.), Wiley, 2008.



VA32 Chip (U of Michigan)



Practical Implementation Challenges
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Practical CMOS Implementations

* FPGA Interface
(SPI)

* Temperature
Sensing

* Channel to
Channel Uniformity

* On-chip
Calibration

* Built-In Selft
Testing (BIST)

e Low noise
switching
(CML/LVDS)

Pacific-128 datasheet, www.redlen.com
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Pacific-128 Chip (Redlen)
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X-Ray and CT Hardware Trends
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CT/SPECT Fusion

$1" )81$ A" $
1 % M
/1 L $ "
+ |
%

% 1 /

%

/ l |

N



CT/SPECT Fusion
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Integration (CT) and Counting (SPECT) Electronics

From Edgar Kraft, lvan Peric, Circuits for Digital X-ray Imaging: Counting and Integration”,
in Medical Imaging Electronics, K. Iniewski (Ed.), Wiley 20009.



Integration (CT) and Counting (SPECT): Measurements

From Edgar Kraft, lvan Peric, Circuits for Digital X-ray Imaging: Counting and Integration”,
in Medical Imaging Electronics, K. Iniewski (Ed.), Wiley 20009.
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CMOS Emerging Technologies workshop
(www.cmoset.com)
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