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Integration of novel Dose Delivery and in-vivo Range Verification Systems

beam monitoring system
MOVEIT project
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Integration of novel Dose Delivery and in-vivo Range Verification Systems
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Integration of novel Dose Delivery and in-vivo Range Verification Systems
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Beam monitoring. ESA-ABACUS 144-channel beam particle counter

Silicon sensor 2.7x2.7 cm? active area (144 strips)
Pitch - 180 um, active Thickness - 60 um , Capacitance - 7 pF ALY i
Tested a

Haaadagaaq

> Six ABACUS front-end ASIC -> 3 FPGA boards
> Counting rate up to 100 MHz with < 2% pileup inefficiency

> For larger rates, inefficiency measurement implemented in
FPGA
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Beam monitoring. ESA-ABACUS 144-channel beam particle counter

110 nm CMOS technology, 24 channels Readout electronics:
CSA dynamic range: 4 fC— 150 fC ABACUS chip

First characterization results:

Dead time <10 ns

reset NMOS
e
C :
ABACUS channel ” Ie.adlr\g.edge
i discriminator
block diagram _ {‘ threshold Comerier
channel IN OUT +
CSA
‘/ LVDS signal
/ Vine ( &
OUT -
Y
A
External 16-bit Internal 6-bit DAC - for Reset circuit |— reset NMOS
DAC the fine tuning of the
sensor

threshold /



The PicoTDC setup

Acquisition PCs PicoTDC PMT or

SiPM ESA-ABACUS




The PicoTDC setup

64 channels

based on Delay Locked Loop with 64 delay Virtex 7 FPGA
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PicoTDC. Architecture

i Trigger,
40MHz, - |Trigger < <H Resets
Ext ref. 1.28GHz ... A0MHz interface T

— Control, —D-
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—17 T |
[ ||
Reado : X8
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. S T
Hit register : : &m31 Trigger | 17 i 40,80,160,320M
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1
i ' i Data rate
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Single and triggered mode
= Single mode

‘ ‘ ‘ ‘ | N-bit
CLK >
——— | | B Counter
HIT1 ‘
HIT 2 |

0 1 2 3 4 5 TIME S

FULL TDC data, DEFAULT FORMAT

Type (1) Channel (4) Edge (1) Coarsecnt(13) Med.cnt (5)

|
26 bits integer * 3ps 1



PicoTDC measurements modes

Single and triggered mode
striggered mode

latency

Trigger

Cho

>

TIME
A match between a trigger and a hit is detected within a programmable time window

All hits from this trigger time until the trigger time plus the trigger matching window will be considered as matching the
trigger
“resolution” of the trigger matching is one clock cycle (25ns)

the trigger window and latency are specified in steps of clock cycles
12



N coincidences

PicoTDC measurement and analysis chain

Python program

Python GUI

GUI - PicoTDC tester vO - o0 &

output

1\, I _J_V__J
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I~ Resolution fine (3 ps)
Reset FIFO
I single readout

latency l_ Print FIFO
Start (max 2048)

window l— =
(<latency)

Enable trigger

Binary files

Select output dir

Set file name I
Set nreadout I

save data

Disable all channels

Enable channel I

Power off

Disable trigger

Untriggered mode

Close window

Channel not selected

MATLAB App

4 MATLAB App

time difference
T T \ T

total number of hits = 170450

number of coincidences = 92831 (54.46%)

mean = 5.382 £ 0.000 ns (0.00%)

rsigma = 0.013 £ 0.000 ns (0.06%)
time resolution = 9.3 + 0.0 ps (0.06%)
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ESABACUS ONLINE ANA S APP
Threshold Scan 144ch Spill Analysis Configuration
Bin fioles [ seach | | clear | | ciosefigures | |  Analysis |

C:\Users\fmasm\Dropbox\INFN 2023\Elisa presentation\fwdanalisisdedati\test-10-pulser.bin

ch1-chO true true (chO-ch1 false) autoscale to the peak results on plot

[IClose figures autosave plots

time factor 3.059-03|:|:j ns bin size 1=

il \

time min 0 ns AutoScale to -+N sigmas 5

time max 250 -3 ns

(®) Independent plots
() Allin one plot

(O Allin one analysis




Detectors for secondaries signals

Acquisition PCs ) PicoTDC PMT or

T~ | SiPM

ESA-ABACUS

Event2 2288
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DAQ units
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Laboratory measurements. Pico TDC time resolution

outl

Pulser

out 2

TTL to LVDS

cho trigger

. g PicoTDC

TTL to LVDS

10kHz signal
100ns pulse duration
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Laboratory measurements. ESA-ABACUS time resolution

Expected deposited charged for
C-ions: 30 fC to 100 fC.

Used voltages 24mV to 73mV
(30fC to 90fC), and 12

T Thresholds.

Pulser out 2 .
1 | pamemi) >

0 20 40 60 80 100
O u t 1 Released charge (fC)

Variable voltage

Pico TDC

Channel O

Chip 2
ESA-ABACUS

1MHz signal

100ns pulse duration
18



N coincidences
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N coincidences

Laboratory measurements. ESA-ABACUS time resolution

640 mV
645 mV
12000 —
635 m 650 mV Charge approx. 90 fC
Input voltage 73mV
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Laboratory measurements. ESA-ABACUS time resolution
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time resolution [ps]
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Conclusions

- A preliminary integration setup for primaries + secondaries detectors
using the PicoTDC was done and tested in laboratory.
- We found the best time resolution for PicoTDC + ESA-ABACUS system

equal to 100 ps.



On going works

Find the time resolution for PM + PicoTDC, and SiPM + PicoTDC using
radioactive sources.

Repeat the characterization in time resolution and time delay for 8
channels to be used for the next beam test.

Find the corrections factors for each channels in function of the
threshold.

Improve the analysis software for online time difference calculation

Find the final time resolution for all the system
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PicoTDC architecture (1)
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Enhancing time resolution | Coarse register g N-bit Coarse counter g

with a Delay Locked Loop (DLL)

Fine time register

— —

Delay cellv_‘-

CLK ref |l OUT
I |— —
Delay Chain
Ve
Up
—>
PFD CP ——| LF

—
Down

» 4 possible states of DLL in this
example: 0011, 1001, 1100, 0110

— M - » Clock ref provides course time
. » DLL provides fine time
| » LSB =T,/ # delay elements

e.g. f,,=1GHz

C

-> LSB = 250 ps
TIME > 28

CLKC

CLKD




Improving even more time resolution with resistive interpolation

Delay cell

GQPGGQ o
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> N, = # of delay cells
» N = # of resistors for interpolation
» > LSB=T,,,/ (N4 -Ng)

8. f o =1 GHz
Nd-4 N =4-> LSB =62.5 ps

» Resistive voltage division across
neighbor delay cells
» Rise times in delay chain longer

than dealy of cell

range for

} relevant voltage
comparator



PicoTDC architecture (2)

I stage DLL | 1st stage interpolation:
» DLL with reference clock

|
L frequency=1.28 GHz > T =
1.28GHz
/ % / Phase | |Charge 781.25 ps

Detector| | Pump > 64 delay elements
nd
2" stage - 2st stage interpolation:
MWWWW%M@“‘W """ TWM’HW resistive > interpolator with 4 resistors
Y VY VYV Y YV VY YV Y interpolation for each delay cell
Phase RV v vavavavavav Sl va v va fine-code
Adjustment YYYYYYYY: Y'Y _distribution buffers

HIT —>— Time Capture Registers » Coarse time: bin size = 25 ns (13 bit)
T T T 1 |p T eg:s T T » Medium time: bin size = 781 ps (5 bit)

HIT —>— Time Capture Registers N Ellrt‘)e time: bin size = 12.2 ps (6 bit) or 3.05 ps (8

» dynamic range = 205 us 20




Il double counting e un effetto che deriva dal tempo prolungato di scarica del condensatore: al reset del
circuito rimane della carica nel condensatore che viene individuata come un nuovo segnale
dal’amplificatore.

Rate vs threshold - chip 2, channel 7

N F —— Injected charge = 48.0 fC
"©30000 b )
§ C Injected charge = 36.0 fC
25000/ . .| == Injected charge = 24.0 fC
E 3 i | == Injected charge = 12.0 {C
20000 [— - R
150004 —
10000{—
s ' i

|| \ 1 I 1 L 1 | 1 1 L 1 1 1
600 620 640 660 680

Vrnr [MV]
. [ = s
107 - (= .
0. ¢,
400 - e
106 - ®.. “
B . 200+t D
B | STSONN G g, o
lDS A T T T T T T T T T T T T T
30 40 50 60 70 80 90 30 40 50 60 70 80



At [ns]

delay vs injected charge, Vth = 645mV

Time resolution vs injected charge, Vth = 645mV
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