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The DRAGO project

(DRIift detector Array-based Gamma camera for Oncology)
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The DRAGO probe

Scintillator Crystal:
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Drago Chip Specifications

8 channels per chip with MUX 8:1
*ENC<15 e-r.m.s.

 6th order shaper with real poles

4 switchable peaking times 7 (1.7-2-4-6us) for different scintillators
e input dynamic range: 2700/5400 e- (2 gains selectable)

e linearity <1%

scompatibility with the input JFET integrated on the detector chip
«Synchronous MUX readout (10Mhz)

self-triggerable, self-resettable
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Real Poles vs. Complex Conjugated Poles
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Basic RC Cell: ICON *
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Basic RC Cell: Pros and Cons

*|CON allows to obtain t of the order of us
e e :

*|CON accepts input signals of both polarities
Vx hl B *DC current in the mirrors depends only on
VVV s >AVC "~ AVc, when no signal is applied
R b It possible to bias the output
mirrors with a current < 100nA,
* |__||—_>| ﬂl__”—_ﬂ needed for low noise applications

If the DC current of the input MOSFETS is in the range of few pA, the 1/gm is of
the order of few KQ, as the physical resistor R

b oIt is not possible to design precise and stable time constants
spoor linearity
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Proposed RC Cell
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Benefits

»time constants of the order of few us

»Real pole or complex conjugate pole architectures
are possible

»\Very precise and stable time constants

»High linearity even at the low current needed for noise
optimization

»Cascadability

»Compatibility with integrated preamplifier with pole-zero*

*G. De Geronimo, P. O’Connor, "A CMOS Fully compensated Continuous Reset
System”, IEEE Trans. Nucl. Science, vol.47, n.4, 2000

A i

matteo.porro@polimi.it “DRAGO Chip” BNL 1/08/05

o
p
3

A
-
1}

[




Noise Analysis: series contribution

to the following RC cells
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Series noise
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Noise Analysis: parallel contribution

to the following RC cells

R, R detector parallel noise
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Noise power density

Squared output noise [V2/Hz]

Squared output noise [V2/Hz]
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necessary to operate at low current
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Noise Analysis: simulation
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Output Noise [V/sqrt(Hz)]
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Peaking time = 6us Peaking time = 6us

., output mirror = 30nA ... output mirror = 2pA

ENCTOTALz 9-1 e- r.m.S- ENCTOTAL= 11 .4 e- r.m-s.

ENCDET+JFET= 9e-rms. ENCDET,,JFET: 8.8 e-r.m.s.

ENC.cc.sippen= 1.7 €- r.m.S. ENCoe.cpoen= 7.2 €- I.M.S.
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Current source spectral density [A/NHZ]

Current source

1E-011

1E-012

- detector + -
JFET

I

i=9.1 -10-13 A/NHz
W=2.36-10-10 A

VAKT/R¢=9 1013 A/NHz
R=20KQ

| IIIIIIII b S |

1000 10000

Frequency [Hz]

100000

Integrated JFET

=1.79 -10-2A/N Hz
W=6.7 -10-10A

matteo.porro@polimi.it

“DRAGO Chip”

BNL 1/08/05



Single channel structure
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Experimental results: pramplifier

detector +
JFET

C
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voltage preamplifier +
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filtering block composed of 6 RC cells
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g1 Acqs
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Experimental results: return to zero

Tek 25.0MS/s 549#.'(:95
11

N

ICh1) ' 5 5 : ity E T0.0mvy  ChZ 5.00V M 2.00ps ChZ v 2.3V

Output response with Ty, =21S Return to zero of the waveform:
1% is reached in 3-T,
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Experimental results: variable peaking times

Physical values:

R=20 Kohm
C=1.2 pF
measured waveforms ]
>
3
E 04 |-

o

- L
o L
w
a L
o L

6 7 8 9 10 11 12 13 14 15
Time [us]

e

Mirror factors are
changed by digital control

A=14
A=17
A=33
A=50
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Experimental Results: Linearity

Output voltage [mV]

Input dynamic range: 0-8mV
equivalent to 0-5750 el. with SDD
Output Range: 0-1.6 V

shape stability vs. input signal
amplitude
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: g 2 1of b
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12007 g S ol N
| - % 08-- i
2 0:40[ .
. £ §> 0.6 _
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Non linearity = 0.15%
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X-ray spectroscopy with SDD

MTECN
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8-channel Chip: schematic

Gain setting Peaking time setting
Reset ADC
fl—_: Logic Enable -
Pole- Peak
T w Shaper Stretcher i I —
Digital
-~ Output
e Baseline c f ™| Buffer
Holder omparator
10MHz
3 bit DAC1 MUX Analog
8:1 Differential
: Output
Buffer
I ' 100Q
: ! ! 200 pF
1 1 1
1 1 1
1 1 1
I I I -y
' ! ' Positive
fﬁr : : | out )
(5]
T T < out
.......... g >
Data in < Trigger 1 Trigger
» SHIFT REGISTER Trigger 2 .\
CK D H = E
——3| threshold and kill channel programming Tiggers §
Ck1 Ck2

*De Geronimo, O’Connor and Grosholz, A CMOS Baseline Holder for Readout ASICs
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8-channel Chip: layout

Output Buffer MUX8:1  MUX timing Shift Register
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Peak stretcher

*
PREAMPLIFIER | PEAK
+SHAPER STRETCHER

» TRIGGER =+

Tek Run; 250M5S/s Sample
IT.
L

minimum detectable amplitude: 15mV

Tek SR 250MS/s 23 Acgs
E
rC

] 2 00]..[5 Ch3 '\. QUUmV

2.00V Ch2 IOOVQ M200}JS Ch3'\. TV
Ch3 5.00V Chd 1.00VQ

) *Kruiskamp, A CMOS Peak Detect Sample and Hold Circuit
INFN
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DACs and Shift Register

PREAMPLIFIER | | TRIGGER | » a—

+SHAPER

DAC

‘ :

o —

: IIII\ Sw3 X Sw2 X Swl

Al bl ple

Threshold : : : : : : : : : : :
L@ outas Chi 500mve  ChZ 500mvVe WM 2.000s Ch3 ~  740mV 28 Oct 2004
ch3 1.00 VO 2.00V B
Vref

The information about the DAC

different thresholds is stored
in a shift register. This can be
programmed by a PC.

e 3201
e EEeR
e BTN
e 22
ey B2
et SO
- KA
b B-CHB

e -y Bl B

d

data from PC

Shift register
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The 8:1 MUX

I
8M
channel 1 |_| [ 1
channel 2 | . ]_|
% channel 3 [ [
% channel 4 1
= channel 5 [ 1 [
channel 6 [ 1 1
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channel 8
Polling st our_exst EE
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on-chip s T | ks
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TRIG
) TRIG

INFN

(P matteo.porro@polimi.it
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8-channel Chip: measured waveforms

Tek SU.UI\{IS.’S 237 Acqgs
~ Shaperoutput - I Corresponding . .
. .. .. ... ........MUXanalog.output . ;. .. .; - - .
: \ : : : - g p : A minimum time of 800 ns

\ _____

has been used to read out
the 8 channels

j . . (ADC ena:ble) T

¢Hi S00mv & Ch2 500mv WM T.00ps ChHd L~ 1.0V
Wi 2.00¥

The digital output can be
used as an enable signal for
the external ADC

L ==  matteo.porro@polimi.it “DRAGO Chip”



8-channel Chip: measured waveforms

Tek Sl 100M5S/S 3 Acqgs
I 1
: L

R 1w

Ry

MUX anaélog oQtput

S500mVy 500ns

Input step signals
coincident on all 8 channels
of a single MUX

channel # 8

channel # 1

applied voltage divided
In six values by a voltage
divider

~H#S00Rs Ch3 7 I20MY 9 jun 2005

17:38:11
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8-channel Chip: output Buffer

Tek 1.00G5/5 249 Acqs
H I.T. j |
H | I |

R N N S e E N
-Analog differential - i : : : : _

VW | outputbuffer oo 2o
; ; : : : : : : | C1Rise

R : e _ _ _ o

T S : : S ' : - 193
LA . A - S Voo
[Ei I;%W% ST U S W

TN Z00mveR Ch2 200mve WM 50.0Rs CHT 7 2T6MV g jun 2005
15:36:53

‘B:,-J_L—L, F:'% FJ Ewt - E:ﬁ H *Rising time: 20 ns
N

—‘ R, =100Q
%gﬁ LLiﬁ#ﬁﬂﬁ +C{=100 pF
i g I I A
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Other applications |

» SD3 for material analisys and

archeometry
(INFN FELIX PROJECT)*

> C,=65 fF

s CA
2500 T I ] i
i T=-20°C I !;
) 2000 - AR 55Fc al j
-EZE 1500 |~ ] H?
8 i 1o
< FWHM=128.4 eV
. . E 1000 |- . < - - i
LLombard buckle — inlaid work T | I‘
(agemina) ‘. W
n- | B
Second quarter of VII century A.C. I A | i
Trezzo d’Adda, Italy Y e we e wm L

Energy [eV]

) *special thanks to: S. Buzzetti, C. Guazzoni, A. Longoni,
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Other applications |

»DePMOS Detector a1
(Max Planck Institut Halbleiterlabor)* o I
. | DRAGQ)
C.=35fF, I, =10fA @ T=22°C £
8 =
Ok | = = = == —
| drain l @ : D
souce +— DRAGO [  MC/Aimms -
external " S . B \AMH KBT
gate N, _. N !1 ! 1T -
’—»—o ’;*; ‘; (H* @ _ R TR :
\ erna e i & E e 6000 8000
gate : P M 2% ol o,
dg]in

»The shaping section has been used in the design of the Readout circuit for AE/E
detector (Microelectronics Group of INFN, Catania) and for a readout circut in

= *§|6‘§ci§1'PQWT&%@&Q@%H@WE%n,FFE%E}@“) for the study of Kaonic atoms

matteo.porro@polimi.it “DRAGO Chip” BNL 1/08/05




Conclusions and Perspectives

* A complete readout chip for SDD has been developed
(current source for the detector, preamplifier, shaper)

Measurements on the single channel of the first prototype show the
expected performances (shaping functionality, stability of time
contants, dynamic, linearity...)

e Spectroscopic performances match the requirements of DRAGO
Project (best measured ENC=11el. at 1.7us and ENC=14 el. at 6us) and
demostrate that the chip is suitable to be used also with intrinsic
very low noise detectors (3el. have been measured with DePMOS at

room temperature)

The 8 channel version including a peak stretcher and a BLH per channel,
a 8:1 MUX and a digital memory is under test and has shown up to now

the expected performances

“DRAGO Chip”
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The DePMOS Concept

> \
R Y NN NN NN TR RTRTRTTTTRTRTRTRTRRRRRRAAAN -
+ .
P Bias

*p-channel MOSFET integrated on high-ohmic,
sideward depleted n-substrate

«a potential minimum is formed by S/D potentials aided by a
deep n implantation

selectrons are collected in an internal gate close to the surface

source clear gate
sthe transistor current is modulated by charge collected in the ? T
internal gate external internal
gate | gate clear
the transistor can be switched on/off by an external (top) gate ° C* | .\ °
\G>
= ©
drain e
INFN gl

sl
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Single pixel in continuous mode

gate 1

PolySi-1 source

T —

09 c- Commercial
)

® h+ preamplifier (CSA)  Silena shaper / ADC / MCA

== amplifier
p entrance window
back

Event occuring w|hen - Event gccuring when « DePMOS is always ON
internal gate is nTJ’r - internal gate is full
T —copletelyfull 3¢ : : .
= - . S 1 I — * signal is read out during charge
21N [ S - | collection
o . I
R P, PO NS DR M. OO 0 |
3| | N , « a time continuous shaping
B2 f N Y : amplifier can be used
LaKage durrelit | | O ]  |In this mode DePMOS can be
fills the internal | used e.g. as the readout device for
= gate TCIear TCIear Silicon Drift Detectors
INFN
o
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XEUS project

(X-ray Evolving Universe Spectroscopy)

Exploring the early universe by imaging
spectroscopy in the X-ray band
(100 eV - 30 keV)
Observation of the hot Universe at high redshifts

Device active area 7.68 x 7.68 cm?
Device thickness 450 um
Pixel size: 75 x 75 um?
Position resolution ca. 30 um
Total 1024 x 1024 pixel cells

Energy resolution @ Mn-Ka 125 eV
Energy resolution @ C-Ka 50 eV

System noise 3-5 e ENC

BNL 1/08/05
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SDD
Array

8 channel
ASIC |

T

|_|

L

Data in

CK_D

IGain zetting Peaking time setting
* Y Reset ADC
Lagic Enable
Pole- Peak
@ ZEID Sl s Stretcher ’ I
I—. Digital
() ) I_. Cutput
Q Baseline c ™ Buffer
Haolder omparator ]
Threshald 1 & = 10MHz
3 hit DACT MU X Analog
CHANNEL | y Y 8:1 Differential
Cutput
Buffer
CHANNEL 2 " -
0 " 200 pF
n n
n n
n n
n n
n n
H C Positive
. . out >
CHANNEL 8 . Negative
E out
" - | = Trigger 1
SHIFTREGISTER | Trigger 2

threshold and kill ghannel pl:ogramming

Trigoer 2
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Noise power density |
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System Definition
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Experimental results
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Complex-conjugates pole channel
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Single cell amplifier
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Peak stretcher
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Electronic noise and spatial resolution
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