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@ Motivations e‘P@

ALCOR-64 pixel architecture

e |ow impedance input stage + TIA + 2 leading

/ Datafom edge discriminators
Coarse counter upper
channel
Crocuimemomer ]| [ e L e 4TDCs based on analogue interpolation with
TDC | | generator ; 20-40 ps time-bin (at 394 MHz clock
m—| Anodelcathode Control = ' 1 . f
= N requency)
Dise 2 L. baacowol __ i} o e Pixel control logic handles TDC operation,
TDC 0 . . . .
— pixel configuration, operating mode and data
TDC 2 Pixel configuration block transmission
\\ TDC3 / . . e .
I e TP-Shutter to inhibit events digitization
TP-SHUTTER — Configuration from Configuration to (asynchronous with ns time window) and
lower channel upper channel

suppress out-of-time SiPM DCR hits

e Studies on the data output order are needed to understand how to handle data in the next stages
(RDO + DAM)
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@ Time to Digital Conversion GP@

vad I.F. Interpolation Factor

I_fast S
SW_tast

e Coarse time: 15-bit clock counter @400 MHz SN — p—
— Tclk =25ns SW_fast C_fast

Comparator

/—
/—
|

reset CLOCK
-— ADC Fine Time

START/STOP

<
<

e Fine time measurement performed by TDC based on
analogue interpolation:

+

I_slow —
SW_siow

<t <H

v+@v- v
10%)
o Measure phase between asynchronous trigger sw_slowk ¢_slow tk‘
(T,) from discriminator and clock rising edge (T,) ‘9 J}
o |LF.640r128 - LSB=2.5/1F. =20-40 ps
o Timestamp=T. *T, -T. *LSB loek
ri
e Measured time interval: (0.5-1.5) T, N :_1
e 4 TDCs per pixel for event derandomization il
Clock I LI LIL L1/ mw1r1/m1r1r
Trigcg)cer [—>|
L
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TDC conversion time
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550.0

500.0
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TDC conversion time can vary, according to phase between asynchronous discriminator trigger and

clock rising edge

TDC conversion time range = I.F. - clk period — 64/128 clk cycles

MIN conversion time = 221.2 ns
| fast ramp
slow ramp

B:51.3373us
A:51.11607us

550.073mV
551.0165mv.\7 /
L

dx:221.2358ns

Lo b b b b

dy:943.4577uV

50.75 51.0 51.25 51.5 5175
time (us)

750.0
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600.0

550.0
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_ &

[FTETRTRIR] RERERENERE ARURNNERTE R TRRERANY RERARNNRN] RRNRNNRTE FRTH

MAX conversion time = 536.9 ns
| fast ramp
slow ramp

B:53.68302us
A:53.14609us

549.2033mV
550.9532mV
» 4

dx:536.922ns
dy:1.749871mV

LA I B L

53.0 53.25 53.5 53.75 54.0
time (us)

Toax ™ Vinin = 236.9 ns - 221.2 ns = 315.7 ns — 126 clk cycles

m
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@F?“ ALCOR output data format GP@

31 29 | 28 26 | 25 24 | 23 9|8 0
Col ID Pix ID 3 ID | Coarse Counter 4 operation modes:
32 bit event word e LET: leading edge measurement
ToT: Time-over-Threshold
f e o - i e measurement using the first
‘ | ‘ J ‘ discriminator for both edges
> e ToT2: Time-over-Threshold
ToT  ymco yme1 yrocz ¥ 003 yoCOyTCL  (TOC2  {Tocs measurement using both
| > discriminators
ToT,  ymco}mct o2 |ocs yC0 | TDCa 4 TDC2 §, TDC:3 e SR: slew-rate measurement
SR lmcg ‘TDC-Z l‘roco | lTDC_Z ' >
TDC-1 TDC-3 TDC- X
: i = Al poes ToT, ToT2, SR:
: = — - 2x event word per event
Trigger-1 = = = Trigger-2
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@ Time inverted data: TFine ¢

° Simulation in SR mode

o  DCR: 280 kHz/pixel T oarse = Clk counter (2.5 ns) = coarse ToA
o  PHY: 0.5 kHz/pixel
e |TDCIF. =128 | T,.. = TDC output = TDC conversion time

e  Selection of time-inverted data outputs — T, [i] <T 1]

o T, []vsT,. [i-1]for all the events with inversion

OA[i'
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Almost all points have:

INFN

Time inverted data: TFine

NS

o DCR: 280 kHz/pixel

TORINO
e  Simulation in SR mode
o PHY: 0.5 kHz/pixel
e |[TDCIF.=128 |
[ ]
[ ]

Tfine[i:I Vs Tfine[i-‘I ]

Tfine[i:I > Tfine[i_/I:I

longer conversion time
explains time-inverted

data outputs

T

fine
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T = clk counter (2.5 ns) = coarse ToA

coarse

T. =TDC output = TDC conversion time

fine

Selection of time-inverted data outputs — T [i] < T_,[i-1]
T, lil vs T [i-1] for all the events with inversion
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INEN Time inverted data: TFine

e  Simulation in SR mode
o  DCR: 280 kHz/pixel T oarse = Clk counter (2.5 ns) = coarse ToA
o  PHY: 0.5 kHz/pixel
° | TDC LE. = 64 | T4ne = TDC output = TDC conversion time
e  Selection of time-inverted data outputs — T [i] < T,[i-1]
o T, []vsT,. [i-1]for all the events with inversion
Pixel 0 Pixel 1 Pixel 2 Pixel 3
A .\:-".";. h(-/ 100 4 ; 100 ,/,/
lilvs T. [i-1] i
flne fine 9% 2 7|
Almost all points have: g g : 7
T. | >T. |_1 E 70 . = E 704 E 704 /,
flne[] flne[ ] - — o 6o /,
50 oo . i : 50 50 - /',
s . R
longer conversion time “40 50 e 70 s s 100 @0 0 60 70 8 %0 100 “40 50 e 70 s s 100 “0 50 e 70 8 0 100
. . . TFine[i-1] TFine[i-1] TFine[i-1] TFine[i-1]
exp|a|n3 time-inverted Pixel 4 Pixel 5 Pixel 6 Pixel 7
e P >4 Vil ; Fredpee [, 7
data OUtpUtS 1001 L 1001 7 100 =t 100 R R
90 4 /’/ 90 - /’/ 90 - ,// a0 f /',
— 804 ,/ = 80 4 ,’, = 80 4 /’/ = 80 ,.
T. _range~64 < % 2 E E s i |
fine E 701 ,,’ E 70 = E 70 ,,’ RNt 8 s
60 1 /// 60 ,,’/ 60 ,// 60 J}:' '//,
50 ,// 50 1 /'/ 50 { ,z/ 50-: . /'/
\ 40 // T T T U T T 40 /, T ™ T T T T 40 // T T T T T 40 // T T T T T T
40 50 60 70 80 90 100 40 50 60 70 80 90 100 40 50 60 70 80 90 100 40 50 60 70 80 90 100
TFine[i-1] TFine[i-1]

TFineli-1] TFinei-1]
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Time inverted data: TFine

TORINO
e  Selection of time-inverted data outputs — T [i] < T,[i-1]
e T_ [i]vsT. [i-1] only for the (rare) events with inversionand T, [i]<T, [i-1]
fine fine fine fine
Pixel 0 Pixel 1 Pixel 2 Pixel 3
4
200 | 57 2004 i 200 | 27 200 s
7| o Vs v
£ ~ e &
’ ¢ ° '1 ’
180 oo 180 4 Vg 180 4 v 180 i
4 e 7/ 4
td 4
7/ 7 4
— 160 1 + _ 1601 — 160 ’ — 160 "
= # = = ’ =) ’
[ F [ [ e [ 4
& ’ < < 4 £ ,
= 1401 - = 140 4 £ 140 4 s £ 140 A
4 7
// 4
120 120 4 120 e 120 ik
. %%
100 100 4 100447 100 o4
7/ 4
.
100 120 140 160 180 200 100 120 140 160 180 200 100 120 140 160 180 200 100 120 140 160 180 200
TFine[i-1] TFine[i-1] TFine[i-1] TFine[i-1]
Pixel 4 Pixel 5 Pixel 6
200 4 +2 2004 14 2004 o
7’ 7/ .
A Y 3 7/
7/ 4 4
180 4 i 180 viia 180 A Vi
/7 7/ 7/
4 e
7 4 e 7/
— 160 + _ 1601 + — 1604 ’
1 4 = 7 = 7’
[ 4 [ 4 [ Y 4
£ / £ 4 < v
£ 140 7% = 1404 7- i 140 4 #£
P & 7/ F &
7 7/
, , .
120 1 S 120 4 ik 120 ik
/, 4 4
. , v
1004~ 10047 100447
it 4 7/
, , ’
100 120 140 160 180 200 100 120 140 160 180 200 100 120 140 160 180 200
TFineli-1] TFine[i-1] TFine[i-1]
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Time inverted data: TFine

TORINO
e  Selection of time-inverted data outputs — T [i] < T,[i-1]
e T_ [i]vsT. [i-1] only for the (rare) events with inversionand T, [i]<T, [i-1]
fine fine fine fine
Pixel 0 Pixel 1 Pixel 2 Pixel 3
, ’ )
200 4 , 200 ¢ 200 4 P 200 -
’ ¢ ’
S ) /i /7
£ $ ¢ ,
180 oo 180 Vg 180 4 i 180 S
’ 79 ’ V
, ~ ’ .
’ ’ Vs #
— 160 + - 160 #oe — 1601 ’ — 160 +
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[ 4 [ [ e [
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= 140 - = 140 4 (’: E 140 i = 140
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, » / s’
o i "é
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./ 4 ‘,/’
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TFine[i-1] TFine[i-1] TFinei-1] TFine[i-1]
Pixel 4 Pixel 5 Pixel 6
200 g 200 +7 200 +7
,/ ’
y , w
180 o 180 2 180 .
, ’ .
; 3 p
/ ) ’,
— 160 il — 160 y — 160 - *
T P 3 / T
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7 K 7
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:“j 4 /"
100 L4 10047 100 2

100 120 140 160 180 200
TFine[i-1]

100 120 140 160 180 200
TFine[i-1]

100 120 140 160 180 200
TFine[i-1]

Inversion can’t be explained by the TDC conversion time
Pixel 0-1-2 have more entries w.r.t. pixel 5-6-7

This is due to pixel readout priority when more than one pixel has one data ready to be transmitted to the EoC
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Time inverted data: TCoarse

C.

Event index (filtered)

Ferrero - INFN Torino

Event index (filtered)

Event index (filtered)

NS

TORINO
e  Simulation in SR mode
o  DCR: 280 kHz/pixel T oarse = Clk counter (2.5 ns) = coarse ToA
o PHY: 0.5 kHz/pixel
e [TDCIF. =128 | T4ne = TDC output = TDC conversion time
e  Selection of time-inverted data outputs — T [i] < T,[i-1]
T ooarselll = Teoarseli-1] for all the events with inversion (all negative)
Pixel 0 Pixel 1 Pixel 2 Pixel 3
T . T . 1 =23 | 1 -25 -25
] - I- o4 - gl
Coarse[ ] Coarse[ ] > > ”
§ - § - %l -75 § -
g ~100 g ~100 % ~100 g ~100
F —1254 410 HIERYIES " —125 4 F -125 F -1254
11 ! l | l‘
~150 -150 ~150 -150
-175 -175 -175 -175
0 500 1000 1500 0 250 500 750 1000 1250 1500 500 1000 1500 2000 0 250 500 750 1000 1250
Event index (filtered) Event index (filtered) Event index (filtered) Event index (filtered)
Pixel 4 Pixel 5 Pixel 6 Pixel 7
I I T I R ‘
—25 4 — —25 -25 -25
501 a —50 -50 ~50 1
Tcoarse qirf FaNgeé ~ %- 277 3 %. 2] % I % =12
§ ~100 ! E ~100 { 5 -100 § -100
=4 4 = =4
—125 4 ol [ }— ST 1251 -125 ] -125
~150 | -150 ~150 -150
~175 1 ~175 -175 -175
0 25 500 750 1000 1250 1500 0 500 1000 1500 200 400 600 800 1000 0 250 500 750 1000 1250
Event index (filtered)
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Time inverted data: TCoarse

DCR: 280 kHz/pixel
PHY: 0.5 kHz/pixel

TORINO
e  Simulation in SR mode
O
O
e |[TDCIF.=64 |
[ ]

Tcoarse

Tcoarse diff

Pixel 0

Selection of time-inverted data outputs — T, [i] < T ,[i-1]
[i] - T areeli-11 for all the events with inversion (all negative)

NS

T = clk counter (2.5 ns) = coarse ToA

coarse

T4ne = TDC output = TDC conversion time

Pixel 1 Pixel 2 Pixel 3
-20 —20 4 -20 -20
- -
[i]-T [i-1] i . w .
Coarse Coarse
5, —60 4 3, —60 1 5, —60 i T, —60 1
@ o o @
2 & 4 o 4
8 -80- 8 80 8 -80 b g -804
o o o ‘ o
= [ F F
—100 4 =100 - —100 =100
=120 =120 4 =120 =120 4
—140 = r T T v T y —140 = T T T -140 v —140 T T
0 250 500 750 1000 1250 1500 0 200 400 600 800 1000 500 1000 1500 0 200 400 600 800
Event index (filtered) Event index (filtered) Event index (filtered) Event index (filtered)
Pixel 4 Pixel 5 Pixel 6 Pixel 7
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range ~ -40 —40 -40 —40 4
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o o [ @
2 12 2 2
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2 2 (= [
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Event index (filtered)
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Simulations recap

NS

run name

SR_DC30kHz_PHY3kHz_
shutter7.5ns

SR_DC300kHz_PHY3kHz
_shutter7.5ns
SR_DC600kHz_PHY3kHz
_shutter7.5ns
SR_DC900kHz_PHY3kHz
_shutter7.5ns
SR_DC1200kHz_PHY3kH
z_shutter7.5ns
SR_DC1500kHz_PHY3kH
z_shutter7.5ns
SR_DC1800kHz_PHY3kH
z_shutter7.5ns
SR_DC2100kHz_PHY3kH
z_shutter7.5ns
SR_DC2400kHz_PHY3kH
z_shutter7.5ns
IF_64/SR_DC2400kHz_P
HY3kHz_shutter7.5ns
IF_64/SR_DC1500kHz_P
HY3kHz_shutter7.5ns

IF_64/SR_DC600kHz_PH
Y3kHz_shutter7.5ns

n. events

38708

101232

100621

100418

100316

100255

100214

100185

100163

100163

100255

100621

PHY rate per
column (kHz)

3,66
3,66
3,66
3,66
3,66
3,66
3,66
3,67
3,66
3,66
3,66

3,66

DCR per pixel
(kHz)

3,74
37,13
73,63
109,5

144,75
179,38
213,38
246,88
279,75
279,75
179,38

73,63

C. Ferrero - INFN Torino

DCR per
column (kHz)

29,9
297

589

876

1158
1435
1707
1975
2238
2238
1435

589

rec. events
(per column)

61945
157794
156301
155855
155597
155470
155295
155075
155049
155494
155653

156341

%
rec/sim

80,02

77,94

77,67

77,60

77,55

77,54

77,48

77,39

77,40

77,62

77,63

77,69

mode shutter (ns) | % of ToA diff <0

SR

SR

SR

SR

SR

SR

SR

SR

SR

SR

SR

SR

7,5

7,5

7,5

7,5

7,5

7,5

7,5

7,5

7,5

7,5

7,5

7,5

2,14

3,29

4,19

5,25

6,16

7,2

8,05

5,3

3,36

1,33

L.F.

128

128

128

128

128

128

128

128

128

64

64

64
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Inversion rate vs DCR

(o)}

w

% of inversion (%)
w A

TDC L.F. 128
TDC I.F. 64

100 150 200 250
DCR per pixel (kHz)
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The inversion rate has been

quantitatively estimated as the % of
events with T ,[i] < T ,[i-1]

It increases linearly with DCR

Simulations with TDC I.F. 64 show a
lower inversion rate

Shutter width: 7.5 ns
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e ALCOR data-push architecture implies that events are not transmitted perfectly ordered by time

o Data inverted in time mainly due to TDC conversion time (128 clk max delay)
o The inversion rate has been quantitatively estimated to be lower than 10% (I.F. 128)

o  Simulations with TDC |.F. 64 show a lower inversion rate

e Can hits be time ordered by RDO to ease DAM work? see

e Can 2 event words (ToT/SR mode) be merged by RDO to reduce data throughput? Sandro’s talk
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