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Table 5.1 Half-cell Potentials for Common
Electrode Materials at 25 °C

T'he metal undergoing the reaction shown has
the sign and potential £" when referenced to

the hydrogen electrode
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(the driving of a single switch at a
generic stage n7is shown in figure,
the same solution applies for all
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j » For simplicity, the voltages are considered
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* According to the reported voltages, the N weeriRe,
inverter closes the switch (ON). M
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* According to the reported voltages, the
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* Pressure variations in the fluid lead to
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Compression is introduced while
transforming acoustical amplitudes into
electrical amplitudes.

It is necessary because the range in
acoustic amplitudes is larger than the
implant patient's dynamic range, defined as
the range in electrical amplitudes between

threshold and loudness uncomfortable level.

Logaritmic function (Y=A log(x)+B) is
commonly used for compression as it
matches the loudness between acoustic
and electrical amplitudes.
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16 channels, CIS approach
+ JFET-buffered electret microphone + audio further compression

front-end (AFE)

+ Logaritmic dual-slope ADC to provide

+ ADC bits are sequentially scanned by a

+ Automatic-gain-control (AGC) compresses CIS clock and latched into DACs that
77-dB input dynamic range to 57-dB
internal dynamic range

control electrode stimulation currents
(not here described)
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Contributions from transistors:
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Contributions from amplifier A:
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Noise (to be) dominated by F1 and R

We have neglected 1/f of R, but 1/f depends on I and I=0 (in DC). Quando C2hccloaro '\ Yurae Qa

JFET (F1) provide low input current noise and 1/f noise (ex. below) Seos oo C2leckamo sa W\
Yuree Donog Oro- PETmo 2wae
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Fig. 6 = Noise spectrum of the amplifier of Fig. 3 with R = 150 @ and

42 +




= Noise contribution of R=1500: Sagraiss o-

D2\ SWFNCO PosS2en0 (\Cenze- b- _ 4KTR = 4V;qR =425mV-q-150Q = 1.5nV/VHz %O*‘?:
wnareoe Qe Nanasike, e no Aeurbo
SZ,PPI(""O W\ yunge. dolvee 2 [l | Subtracting R noise in
Rt :
SIS UET S Voow ommhe skl ek
/— grzhco o= Jora SN = 1.0nV/vHz @10Hz
2 2 2 ) SR ey 8L and 5.2nV/~Hz @1Hz
Ceps = O — O (1/f dominated by F1)
|
= (l,g nV )Z—[ A& nV ‘Z « Integrating the noise in the bandwidth: 2 o1 = | Sy(f)-df
l % W}E Bandwidth | Noise (rms) Notes:
0.025 — 10Hz 40nV » Ultra low noise (e.g. vs. ~ uV rms of 3 OPA

1 conventional ECG amplifiers)
~
- (4‘“\,/ | He ) hOgs-~aude | 20 . Noise dominated by 1/f noise (= JFET)

0.025-1KHz | 1850V
C PQCs_Psrck: L V2o~ dob e ok fansistr € dolo.  vRSisHReoe SO Mde
AL on 40 H.
A 41Hx: o c2uso- ek YOG~ /V_ﬁ (l vovoe dei Y2hsistoc € quaa Aomwate.

X o wegdo (0 speivd 0l tdon Calatame (| Yumae VR 2o S~
gRsto Mo ux yumoe eIk Desso.
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1) The input noise generators ocA :i I ! ?

do not depend if the circuit is

considered in open or closed W 21‘2]‘-‘& E A O \m S

loop, provided that all

contributions are considered; W\ CAWVCu LS & WA CAOS A \m = 'Qn?
2) We will consider the circuit in \\\W\ ‘e e \ ©

open loop and will calculate

each contribution at the
VUge s\ oY Goo W\ %_;7,629(0

reference position V, and

then transferred back at the cha 2)00\2*0 W tpan © AGsed \NP

input by the gain V/V,,.
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Vo=Vin/RRo-(-Vin/R-Rp) =2V,,/RRy

G=Vo/Vir=2Ry/R

G?=4R,Y/R?

We will use G2 for noise caIchations:-\ “Xo q'u*a.) \\' %Uﬁ%m Cq‘w-)
oo O AL CokD dais s

| VWoorRAs 221 WO .

V.2

?I_I..E: V,2/G?

.voc

Rumoe & R Ruvoe a Ro:

Vee The noise current I at a e
given time has a sign and

out flows in both directions in
the two F1, giving a voltage
difference Vo=2-1-R,

The noise current [ at a
given time has a sign and
flows in both directions in
Q2 and F1, giving a voltage
difference Vo=2.1-R,

out

V2= 4KT/R-4R 2 V2= 4KT/R, 4R 2

V2= V262 = 4KTR V, 2= V2IG? = 4KT/R,R?
(Negligible vs. noise of R if Ry>>R)

The same result could have been

calculated in closed-loop,
considering the Gain=1 between V,,
and noise voltage on R.

The same result could have been
calculated in closed-loop,
considering that the noise current of

Voo Vec R, circulates only on R.
g&&l‘s\msbh mdc:p.&\wp 200 2t U
RWY\O(\;(LPE. hm&Wku%Ewa Ceao= Ca.
Ve The noise current flows in

(0 czur Qi loop) MU GRo = 4T, Mox 5 Soppimo
A \hn = Ng =@ \WR= LK R? =\n

V2= 4KT/R-Ry? R

Q3, Q2 and F1, giving a
out voltage difference Vo=IR,

Vi,2= V,2/G? = 4KT/4R-R?
then x2 because of 2 resistors R

(Negligible vs. noise of R if Rg>>R)

Nex vedoro o 2orer cove O

ool quads 2idbeme L e

Z vessean. R eRL S0 o

>—?UT PZ{'Z.LLnJ..o,

: o Ctuu-é.} cha \O- Covere &
Vy?= AKTIR R =4KTR, Ve ™ Ao ural fesa \8 37

The noise voltage is converted Q&Y= e V\pr At~ SL Re ©

in current circulating in Ry: AN GO WAOL conente.

Ig2= 4KTR /R ?

The noise current is
converted into voltage
at the base of Q2:

The noise current I flows in both
directions upwards giving Vo=2.I.R,,

V, 2=V 2/G2 = 4KTR-RZR,2 (then x2)

CC po \ vomot & Ro
AL o © Mmoo Pecia

(Negligible vs. noise of R if R;>>R)
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E, 05’ is converted in current by R, and then in % A\ Umeca &5 % <y d@b oo

Vo through Rp:

V2= E q2/ReZR,? Ur Gom & fxa SMe bese, e dets e
Vp2= VG2 = E g lMRER? (thenxs) & WA= iR Polloma, Yo G \o- Siesso-

(Negligible vs. noise F1 if R.>>R) RS o ‘\YUUC_..__ So WS < %Sﬁ
PPz wan orrente € e~

Wit for T EEMEET T N ne pes 200k Geor BT Pona. Ao
0°= lnas™ Ry’ oo ese e \emhhm Dfd o ol Veratikea
Vip2= V 2G2 = | ;2/4-R2 (then x2) S O GND o~ o~ P WSred 20D\ O~

Ca iﬁn > Voo

P &€ avasso 200
Romee & G- 2uer (NN 3o BWO)

or E, 3" behaves as the noise of R, it is converted in current

€ by R, and then current I flows in both directions upwards NM Cz2=0 W Irswe o o \o s eo

giving Vo=2.1.R;: -

V2= E 0 /R>4R 2 o L prwno..
V, 2=V 2/G?= E ,2IR2R?  (then x2)
(Negligible vs. noise F1 if R;>>R) ‘ C PA—\Q' { | e qm !i \ % & @!‘hk

For the noise current generator we apply the shift !F » m USre o W A4QOxR

theorem and calculate the (linear) transfer to Vo:

V,= | -R/Ry2Ry* | -R;

(s] n L ’ ‘
2 _ K
Iy Vo= lnaa® Rp?(2R/Ry+1)? ]

\ In

v

V2= V2IG2 = | o 2R¥(R /Ry +1/2)2
(then x2)

oo @2 gadiv els "o see @amo

Nes dodbiamo cadelee S\Wgornaste \ Naennad- @ oo solers Sonel: @ WO 2Me-
B e QR .

E.." is already at
the output Vo:

V2= E 2

/G?= E Z4R 2 R?

l,a" Is converted in
Vo by the two Rp:
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Sensitivity: efficiency of the imaging system to detect the

parameter of interest Queste a0 ¢ Paaie Prwopi-Rres

Selectivity (specificity): capability of the system to CreRri22e U~ Swslermol AL Med coh S\
distinguish the parameter of interest from other possible
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X rays “"ogn. wzdo W Nedcno-. Yy rays
SRSy B S 00RO « Energy: 10 keV — 100keV — 10MeV

» origin: fluorescence from atoms, Bremsstrahlung ol g e ;

« applications in medical diagnostics: radiography : gng;iré'agggfiar: rirgésiil:lnaignggz,l?gsl?nsgég?sggns
(conventional, mammography, densitometry, ..., CT) PP 9 : '
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(E 00keV) « the energy of the accelerated electron produces the emission W uw QIU JP!C&A-' )
~1-1
= the process produces an X photon of definite energy, equal

accelerated
of an electron belonging to an internal shell (K,L,M)
« an electron of a next shell takes the place of the ejected y \w Cn Kal) el (Zse o Lo =W *.
to the difference between the two energy levels
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«» the Bremsstrahlung radiation is produced when an electron l n O“QS\-(D CED \ WB‘C}- NCAe = Q%O-—
changes its velocity following the Coulombian interaction with the atomic nucleus E SE -~
» the emission is larger more energetic is the electron and larger is Z of the absorbing e~ UZNJ-— d/w *Q— de M‘Q

material
= the energy emitted as X rays has a continuous spectrum from 0 to Emax (the kinetic energy dzl- Cm m\b\m .

of the incoming electron, in the case it is fully absorbed in the interaction) .
Q_)g,_é; CQ,_C‘\-QB‘V.L oo \'bmmd_,
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the electrons are emitted by a

filament which is heated by~ €— 1O Qeewusa A Qa o T JS-vVaea

means of current flow ‘b' .
MC~ CAL C. O~

anode

suitably biased electrodes focus A a .
the beam of electrons emitted 5)“ 2\060 ZCCZ,&I-'Q \ 2 cho
by the cathode Mo wJLbTQ ' e \ \ ‘e

the electrons are

~ accelerated by the high L\Q': ‘ AL ﬂm e el , ’

voltage applied between

anode and cathode and let (\:hfcl S % 2O 21L.0 - , woke
collide on the anode where [0‘ QI % X e’

effective focal

spot size

s they produce X rays from Y € o ('I'\W e o evpiro e
coverage Bremsstrahlung .
! and fluorescence s 0 IR, 2NV S ACD (WO
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X-ray energy (keV)

an electron forced to run a
circular trajectory loses energy

in the form of X rays Abbaro e~zswce P-m"c,ll_.fj VzZua a0
X (synchrotron radiation) DeteMee Co oo megrehco
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Few general notes on radionuclides for diagnostics:

* 7,/, too short = short time between injection and diagnostics
* 1,, too long = low activity, patient radioactive for too long
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Compton scattering takes place when an incoming photon hits an electron weakly
bound to the atom and produces a free electron and a photon deflected of lower
energy given by the difference between the initial energy and the one of the free
electron (note: also momentum is conserved)
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Detectors with direct conversion: ea——— \oN\2ng Sensors

the energy of the photon is converted in a given quantity of electric charge

directly on the detector material. This charge is collected at an output
electrode of the detector.

Detectors with'indirect conversion: 44— Ad es—oo soadN=Rars
the energy of the photon is converted in another physical quantity (e.g. O\fe co Row~ Parene Aezatemare
visible photons) and a secondary detector (a photodetector, Lvess 3 WM\ e 2unerds A

in the example) is necessary to convert the second physical quantity in an  Aesparziuro— Qs MmAen2ka..
electrical signal.
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Detection efficiency = number of detected events/number of events
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» Silicon is an optimum material but is efficient only up to 10 =30 keV a— 1 30 Vo \ protfame- & Nov
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the electric field £ generated by the application of the potential
difference is responsible for the separation of the e- from the
positive charges (ions or holes) and it makes the e- drift toward the
anode and the positive charges toward the cathode
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when the charges have reached the electrodes: e ciiasicas T !
(as the charge -AQ —
= TR / J = - has modified the total
Veg = Vediniia + AVeg  AVgg = -|AQ|/Cy  D2s mod argepresent R <2 \l*fcc_t )
L3 =1 on the electrodes of C,) ypothesis: very large (a € 1Imit =
AVout = AVeq = -|AQI/Cq 2) transient of charge of Cd to AV, ended = V,,=0
|AQ| = gE/¢ :>| AV = - QE/(Cy4e) | the charge induced on the electrodes by the motion of the charges acts

= to modify the voltage across C,. V, (initially equal to AV,,..) decreases
and V,,, becomes negative
(one supposes that the charge induced on the anode does not discharge to
ground by means of R)
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N, : primary carriers generated after

photodetection
(note: Poisson statistics is applied where the
signal is smaller)
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F : worsening factor of the statistics of carriers
due to the multiplication
(e.g. noise factor in APD)
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1) photodetectors with multiplication improves the component related to
electronics noise but worsens the ‘statistics’ component

2) ‘electronics’ component dominates for low signals with respect to
‘statistics’ component as increases faster than/I\_ when l'\lS
decreases (= for low signals PMT/APD better than PD)

3) comparison of APD with PMT:

a) APD may have a better ‘statistics’ component because of the higher
number of primary carried generated because of the better QE

b) it is necessary to compare the multiplication statistics for them (usually
better for PMT)

¢) PMT has M much larger than APD. Moreover ENC? includes the
component due to the dark current , which is multiplied by M? and
therefore is not reduced by the multiplication. This component is
usually larger in APDs
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Construction of an ‘estimator’: the reconstructed interaction point (X,Y,Z)
is the one which maximizes the probability for the estimation to
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Impact of the photodetector/amplifier electronics noise ) @ N ) ‘
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electrons collected by the units of a Ot o q-@rStb 5?225 o ol W\

photodetector array following the

absorption of a y-ray of 140keV: MQ'Q" MCN 0. Cw \T\Q W

« scintillator: CsI(Tl) \ SO d’ ] Aachee S 3“9%3-!\
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The statistical spread of the

Examples of the impact of the
collected signals has an impact on electronics noise on the overall
the precision of the reconstruction * l

450

400

350

2 ) 4 spread of amplitudes
of the position of interaction. P P

ENC = 30 e- rms —

21- 02002 2h
Pt

\mewm%@-m&\m e STE

edzro e U Sog de cctnmadiow (o2 fon 2euzmo
QNO U lov Pk Ten ARl Zuet Sclagiew.
ARV ve2ldoe qresN @usrfe~ se~ond o~ Prde

/;mﬂ 4 QS ot ARdno [2ee AN imagire
< < :‘// Qs Vunee © ok Cothon B aQduae W\
e ot V2he o oo cassio.(uno- b)), 2d eopy

qestn C™R2ior 3 @ 2R € pesT &
CWUSCiome o. covbe Nt N SV

~
L wne elomert + Comene AN~

In a block detector, a 2D array of crystals is attached to 4 PMTs. 9\

The array is cut from a single crystal and the cuts filled with light-reflecting material. When VSt N . P\ock. dg_jedmm

a photon is incident on one of the crystals, the resultant light is shared by all 4 PMTs.

Information on the position of the detecting crystal may be obtained from the PMT outputs
by calculating the following ratios and comparing them to pre-set values:
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where A, B, C and D are the
fractional amounts of light
detected by each PMT
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allows to implement DOI reconstruction ratio of the signals collected by the PMTs which is
dependent on the position of interaction
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recent improvements in electronics timing resolution have
pushed an ‘old’ idea of PET TOF to reality...but

= AX ~ 45cm

resolution still not adequate for the reconstruction of the
annihilation point with a resolution required for PET (~mm)
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* Variance Reduction Given by D/Ax = 2D/cAt
(D: diameter of the object)
* 500 ps Timing Resolution = 8 cm localization
=> 5x Reduction in Variance!
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The photodetection efficiency (PDE) of a SiPM is the product of 3 factors:
1. the geometrical efficiency (Fill Factor - FF)

2. the quantum efficiency (QE) PDE = FF - QE - Py

3. the turn-on probability (P;)
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time jitter reduces with:

Nec ghaxro funmor O~NrO

ENC 1 = small ENC (but look to dependency from T*)
70 ! b (teuco. Adpnacro Naodee oo
s Yoip|,_y = small T (but be careful to preamp rise time) "
- large 3y, 'SNC pande Asiro Bhepvg) tuwe
e \ rosvwo e on <

*question: considering ENC dependence on T, do we overall improve or not o by reducing T?
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|deal Case: front-end rise time Pulse derivative at the Zero Crossing time T
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Real case: front-end rise time Preamplifier
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Clinical Task — Chest radiology Mammography

Detector size 35 cm x 43 em 1§ecmx 24¢em

Pixel size 200 pm % 200 pm 50 pm x 50 pm

Number of pixels 1750 x 2150 3600 x 4800
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250 pm x 250 pm
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Readout time ~18 ~1s 1/30 s
X-ray spectrum 120 kVp 30 kVp 70 kVp > ¢ - iﬁbbl%
: w2e (se dabbuarme s -
Mean exposure 300 uR 12 mR | uUR m (‘OKGG no M\WQ (S

Exposure range 30 - 3000 uR

Radiation (quantum) noise 6 R
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Photostimulable phosphor digital radiography system
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The optical signal is not derived from the light that is emitted in prompt response to the incident radiation, but
from subsequent emission when electrons and holes are released from traps in the material. By stimulating
the crystal with red light (by a laser raster scan), electrons are released from the traps and raised to the
conduction band, then triggering the emission of shorter-wavelength (blue) light (photostimulated
luminescence).

G'“"V‘:“'\c&*) QCI-D'QSGV\ZQ. P T ““LD-&J\.% S8tz Q(mzc,_ e CC20aerg \\‘“QGHL‘

1‘ﬁbb‘x:-rc'vcv'{’:-’ sl Pamel 2t S Gadreng stiatheonete ¢ Seges P
SRre2re l\mgq\,q__ Qren Posco &SR & anvkrsice. dAvalios o Nl
Qe e~ A sSiUoro ro- N Us Slavwadn e2eate K- Provoedsee )

X-rays o X-rays X-rays

Scintillator * Scintiflator *

X-ray interaction

EE RN | tyrRvrERY | X-ray \
¥ 5 | | | nhotoconductorn
Conversion 1o I |
i 5% Photodinde
electric charge | | Photodiode
| oo | ) rryyvveey |
*% %
Readout TFT-Amay TFT-Array

Indirect conversion Direct conversion

hewo o (522 o N o
€ Ao~

ey, (So. eito. e O ki)

A“Q‘Z‘Oﬁm‘:@*%uaam&\w Qo O~ NC2uawe
N Spee set.

\C~ \E\/
o- YQXD oMt~ par gea\R-



X Save o Rerdogio. AD & e Grom Poda A aoe Res varoe (o-
(e i OO Wo. prr Pase. s ED

é‘_ . -~
Multiplexer ¢ [ ADC 2 \rx\?%glo q@'\\ = al'l -

1 S I e fo w26y & puet ovpeste dao
s n (= U Chffede Cs- 820" o Conco.
% e TFT (switch) C‘hixb NW) Sy m “CBJZKO
= Il | S S, | ' A Rnpo A posoa..
S N || Qeshe~ Cncon, & e~ Ao
ol Sad |Cad |San Gk line S S \V‘R“U\'NL
e s e D0 200 ses. detos ek, el & o

A Leo = GO-

7&69550 Mmomkume:\mzwmpmu.gmba
Stolgye, [ P € ol Gk contsen, (O Rndo. T QWRMeL  WOAreBion

— _\é X-rays

QEE\D PMo & A Pe =<Po=
A amNo codns?hie e |Sziuvo \a

A/
j ¥+X-ray photoconductor C20\CO..,

V= electron b:locl;'rng I%ye!r _— X
T — charge collection elecirode
| =P == LIFT glase substrale upper electrode  photoconductor
| S lo._ TSt |a { oate AVbiag + TFT
| (_pixel (ij) pixel (if+1) L = line I I (Structure)

- top electrode A
dielectric la

\ e

"_:"," Note: photoconductor is not r\;
w f depleted from mobile charges (as (;B
data line data line a pn photodiode reverse-biased) S
FET channel capacitance C;
la ’\QQ"C’O%\G- T U on2IRN2U 2‘7\:.(@, drain o
O Sl Slen v NSYS ra nass; smrcel \m ",
 r— - photoconductor
o Spro. ol Mo Oo~ R e substrate
lower electrode GND / (glass)
AU SG2 ooo spomboo Mkt Crselune, — *
Sro Al o Woe o~ Fran reo i
TFT technology: Si amorphous hydrogenate (a-Si:H), semiconductor
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