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H2GCROC3A architecture

Overall chip divided in two symmetrical parts: u” ]JJ @
 One half is made of: AGH A A
e 39 channels (in CMS 36 channels, 1 Calib, 2 CMN) s L
* Bandgap, voltage reference close to the edge e g 2 il DSEAE L e -
e Bias, ADC reference, Master TDC in the middle M EGA Submitted mid-Dec 2020
e Main digital block and 3 differential outputs (2 trigger, 1 data) Irfu Microelectronics
Measurements: — p—
 Charge: [ Shifter ]‘ ‘[ FLL ]‘ s s = | Festcommands
e ADC peak measurement, 10 bits at 40 MHz, different gain setups BxRstat |
possible, 0.4fC resolution e
e TDC: (Time over Threshold), 12 bits, 2.5fC resolution I \ I Pm:‘ers & Logic I
e Time: R.eadout path
 Time of arrival, 10 bits (25ps) e M | \ o |G 2B g
Data flow: Latency H .. : mig:;d Ri | Data
* DAQ path: % » TOT mg;r e ctine| ™ A e a8 PO ! | .‘ m{;ﬁ
* 512 dept RAM1, circular buffer M | panp |G 2 Data
e Secondary RAM2, 32 dept \_ = ARl & B ——=P/ link
e Store all channel data, ADC, TOA, TOT T —— — = -
e Output 2x 1.28 Gbps links — el Y R Trigeer
e Trigger path: Linsaciztion (43‘:9) _.coﬁnpiign e manager ’
e Sum of 4 or 9 channels, linearization, compression to 7bits Tri 4x Trigeer
e 4 x1.28 Gbps links \_per channel 16x /8x tri:_w;el-it/ link
Control:
« Fast commands, 40MHz and 320MHz clock {c_a;mﬂ} _Dac ) [ Emime ) o con
e |2C for slow control Eeton thresholds J L References J Slow control path S

|:I: Tripled Module
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What do we have? What we produced so far

4
= . First mezzanine + carrier board =3
el designed by Omega: i er iy | = gomn
1  Received the chip and produced couple \52: *.A
of mezzanines and carrier boards for =[5 2 3OAKRIDGE
testing el wURAE 2R Y g

 Understanding the communication,
setup of the chip

* \We can physically solder inputs (SiPM
on channels, but this is more for single-
channel testing

ComBoard1.0:

e USBS3 readout communication

e Testing the Samtec Cables
connectors attached

ProtoBoard1.0: ProtoBoard1.0
e Produced 2 of these boards so far with H2GCROC3A = e
* Made so it is compatible with the CAEN commercial readout = =

* The upper golden pins can accept the CAEN backboards (2x - ,Véfé"*wmné” m6$§?;%f
e 64x2 = 128 channel readout - not every of the 72 channel is | '

connected | 1NN e goAK:RmGE
* LVDS readout via the FMC connector B —__&

e Compatible with the KCU105 (firmware, software done):
o Still work-in-progress, there are improvements coming as we

speak §o.
QAK RIDGE Thanks a lot to Miklos Czeller and Gabor Nagy




Data format explained

ChiplID FPGA counter

110928.655- Bytes (Rx): : 05 [00 00 98 ocl|es F2 40 oo|es A2 28

110928.656—- Bytes (Rx): : : A B2 B4 00 OF 4 00 OA 42 94
110928.656- Bytes (Rx): A3 24 00 oC 33 04 00 oC 63 10

110928.656—- Bytes (Rx): F2 FC 00 @A 52 94 00 0B 52 DC 00 GB 72 DC 00 OB E2 FC 00

110928.656— Bytes (Rx): : 92 E4 00 OC 43 18 00 OA C2 BC 00 UE

110928.657- Bytes (Rx): : 0 04 17 @9 22 48 00 08 A2 28 .00 @0 08 F2 40 00 07~
110928.657- Bytes (Rx): 93 24 00 OA 62 AQ 00 08 A2 24 : 00 09 42 4C 00 @A B2 AC 00
110928.657- Bytes (Rx): 82 24 00 @9 F2 78 00 OA F2 B8 00 08 52 D4 00 09 F2 7C 00
110928.657- Bytes (Rx): E2 38 00 OA 32 84 00 00 0F 100 :
110928.657- Bytes (Rx): 00|02 30 ac 00|

ftware counter

HalflD

0 0 0010001111 0010010000 0000000000

Tc Tp ADC(BX-1) ADC(BX) TOA(BX)

oI 08 F2 40 00

Different data format with different charge inputs:

Explanation
0 0 ADC(BX-1) ADC(BX) TOA(BX) TOA and TOT threshold is not reached
0 1 ADC(BX-1) ADC(BX) TOA(BX) TOA threshold reached, TOT not
I 0 ADC(BX-1) TOT(BX) TOA(BX) TOT threshold reached
1 1 ADC(BX) TOT(BX) TOA(BX) Characterization

%OAK RIDGE
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One known problem quickly discovered - this is only H2ZGCROC3A

FPGA sending L1A

How we see it working:

¥ 1. FPGA sends an L1A trigger signal
P 2. RAM1->RAM2 moving data
3. RAM2 trickles down the data as they come in

Problem arrises in step 2:
7% Data | ¢ When RAM1—->RAM2 move is done, the power

e

- link can decrease

ICRC3-‘3?-F/ e If the next L1A comes quickly, then it might flip
. — 1—>0 bit

e Depends on the frequency of the L1A coming in

Problem fix:
e Connect the VH10 pin to the 1.2V This problem is annoying, we fix it with implementation of dead time. We
 This prevents the drop of power and corruption of found 1 us is sufficient for see no significant Hamming code errors
the data _
e Hamming code has to be ==0 in order to see no We connected the 1.2V and will retest
corruption

This bug is fixed in the H2GCROC3B - available in early November
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Internal injection circuit

S Three different internal injection path:
mCtest | HR  Choice_cin HR  Choice_cin Perchamel(639) 1 (There is no need to connect any channels, all is inside
| A T  the chip):
12b DAC — Cf_comp ~ All of them have a 12-bit range as input value, can be
Strobe-I% i i setup Via |20
| Rf |
: AN 5??fF )| I
Global | T ' T cf
i R HR  Choice_cinj IR l
12b DAC_2V5 i 3pF £ £ in inpa
1T co [P
Strobe—| i : l
\V4 i Cinj_120p*N*3pF
CTEST N\
ExtCteTst_ZVS
%OAK RIDGE
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Internal injection circuit

_______________________________________________________________________

Three different internal injection path:

intCtest HR  Choice_cin HR  Choice_cin Perchamnel (39) 1 (There is no need to connect any channels, all is inside
| ~ the chip):
oDAC A e cf_comp Al of them have a 12-bit range as input value, can be
sove | ! -~ setup via 12C
% 500fF A
Global | N | Low injection path:
| T MR Chowe o T I  (Goes through the 500fF capacitor, directly to the pre-amp
. ) l l )  Circumvents the current conveyor
12b DAC 2vs . N\ > - * Testing mostly the ADC range in small steps

| 0

e TOA threshold setup

A4
CTEST 0
T

ExtCtest_2V5

%OAK RIDGE
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Internal injection circuit

S Three different internal injection path:
mCtest | HR  Choice_cin HR  Choice_cin Perchamel(639) 1 (There is no need to connect any channels, all is inside

. . the chip):

12b DAC - \ — Cf_comp ~ All of them have a 12-bit range as input value, can be
Strobe-Ig : | setup Via I2C
Rf
Global : A 5??fF

| Cf

| T HR  Choice_cinj T

: LR LR

12b DAC_2V5 E 3r'>F { £ in
r— PA
Strobe—| = E ‘ ; I Cdl

N " High injection path:

A4
CTEST N\ e (Goes through the 8pF capacitor, directly to the pre-amp
T  Circumvents the current conveyor
ExtCtest_2V5 e Testing mostly the TOT threshold

e Linearity on entire dynamic range

%OAK RIDGE
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Internal injection circuit

S Three different internal injection path:
mCtest | HR  Choice_cin HR  Choice_cin Perchamel(639) 1 (There is no need to connect any channels, all is inside
| A T  the chip):
12b DAC — Cf_comp ~ All of them have a 12-bit range as input value, can be
Strobe-I@ i i setup Via I2C
| Rf |
Global i A 5??fF A |
| Cf
1 Choici_cinj l
12b DAC_2V5

Strobe —|

|
|
i .
|
| Cd
|
|
\V4 i Cinj_120p*N*3pF l

%

ExtCtest_2V5

CTEST

2V/5 Injection
e Same as an external signal (mimics the SiPM input)
e Setup the current conveyor attenuation of the signal

%OAK RIDGE
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Internal injection circuit

_______________________________________________________________________

Three different internal injection path:

mCtest | HR  Choice_cin HR  Choice_cin Perchamel(639) 1 (There is no need to connect any channels, all is inside
| e T A ~ the chip):
e e e e | Cf_comp - All of them have a 12-bit range as input value, can be
trobe ; ' ~ setup via 12C
\vg | v |
| 500fF |
Global | \ | ¢ 3 ~ Low injection path:
1 HR  Choice_an I F—— | ¢ Goes through the 500fF capacitor, directly to the pre-amp
l l ~* Circumvents the current conveyor
i R S | NN\ in | Linea oA ~* Testing mostly the ADC range in small steps
strobe ‘ : I C"l o TOA threshold setup
| Cinj_120p*N*3pF | _ o _
D I " High injection path:
TT N\  (Goes through the 8pF capacitor, directly to the pre-amp
T  Circumvents the current conveyor
ExtCtest_2V5 .
The following tables show how to select the different configurations for internal/external calibration: ° TeStIng mOStIy the TOT threShOId
DACLR DACHR CINJ3pF  CINJ 3pF*N CTEST 3pF CTEST 3pF*N ® |_|near|ty on en't|re dynam|C range
HighRange 0 1 1 1 0 0
Y T R ; ; 2V5 injection
chitate | ¢ ; ; : ; : e Same as an external signal (mimics the SiPM input)
ExtCrest 25 | 0 0 0 0 1 1 e Setup the current conveyor attenuation of the signal
Calib INPA 0 - 500fC 0-8pC - -
Calib IN - - 0-3pC 0—-3pC*N
Calib Ext Inj - - - - CTEST * (0 - 3pC) CTEST * (0 — 3pC*N)
This is the map of I2C registers to set each injection path

%OAK RIDGE
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First test, pedestals

ADC

Raw pedestals

1000 — I I I

: : :

[ E 1 1

& I I

- a I I

@® I I

i I |

— () I I

500 — § i 5

0 ] ] ] ] I
0 20 40 60

Channel

Pedestals as we turn-on the chip:

%

"his is a CMS leftover chip, so it had 10 dead channels
This is also a H2GCROCS3A chip

OAK RIDGE
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First test, pedestals

Raw pedestals

1000 —

ADC

500 —

- - -Dead ehannels - - - -

10°

Channel

Pedestals as we turn-on the chip:

e Thisis a CMS leftover chip, so it had 10 dead channels

e Thisis also a H2GCROC3A chip

Pedestals after calibration:

e Channel-by-channel calibration is done:
 Register_0 inputdac
 Register_3 trim_inv

 We can set the global pedestals by half-chip:
e Register_4 Inv_vref
 Register_5 Noinv_vref

%OAK RIDGE

National Laboratory

ADC

100

90

80

70

60

50

Channel

E'*-E'FE-'-—'EE

Tuned nqw to be around ADC~80

—Illllllllllllil

20 40 60
Channels

o

10°

10°




Signals!

800
— H2GCROC3 internal injection test .. i ]
- . DGy Channel o Low Injection test:
600 [ N i e ADCEX) 01000010 - oereot e The legend is different injections:
I oczs | Obloootoo  ° 0p1ooort e Ob1001111 = low injection + “FO0” = 3840 (almost maximum)
®) - ceetelun, £00°0%000 . 0b1000101 - 0b1001100 .
O 400 — s s - - oblogorio - Ob100T1ON  Scanned the full shape of the signal:
= seltitelestis, 8900000 33333° 5 - Ob ‘ '
< - =3°"-‘;§:§§§§§§,§g 88 é . 8b]88%(1)2) . 0b1001111 e The ADC and ADC(BX-1) is shown
200 - ;;::;;;;;;5535; ”m 88§§§“ e TOA and TOT purposefully turned off
o: oo‘l:;;o;;;;;;izzzi 8; u“ iii %EEiEiEl"'l"""'"'"""llllllllln.nnuuu * A” Channels Were teSted’ In the baCkup
OO 50 100 150
Timestamp [ns]
1000 — ogggiigio H2GCROCS3 internal injection test
B HoBE200880,% Channel 0
B e 2000 ADC(BX)
| 050°90° o ADC(BX-1
O L oo, . High injection test
[ 1 og ggo maximum
O 600 — PR RS e TOA and TOT purposefully turned off
= r * Tested from lowest to higher signals
400 — 5 e et the ADC saturate
- ||I|“|III e Shape is very consistent, does not change with the height
200 Ll HiH IIIll“ll“l|lllllllllmmm
! I
0 90 100 150
Timestamp [ns]
# OAK RIDGE
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How it would look in ePIC

0600 What we will see in the signal with the 25ns sampling:
N i T0 =0.000 ns
< \  This is real data, using the real shaper extracted from the ROC

e Each run was 5000 events:
. e Caveat = each point now is independent run
e VHI10 problem, see slide 5
400~ e Then the ADC(BX), ADC(BX-1), TOA... etc means are
. extracted from 5000 measurements
 This may result that the ADC(BX-1) != ADC(BX) - 25ns
* T0 = when the particle signal happened:
. * |In EIC we expect ~10ns incident periods

200 :
°
— °
° ¢ ®
ADC(BX): 78 ADC(BX): 503 ADC(BX):209 ADC(BX):125 ADC(BX):95 ADC(BX):87 ADC(BX): 84
[ ADC(BX-1): 78 ADC(BX-1): 78 ADC(BX-1): 506 ADC(BX-1): 210 ADC(BX-1): 126 ADC(BX-1): 95 ADC(BX-1): 87
TOA(TX):O TOA(BX): 0 TOA(|1X):o TOA(BX): 0 TOA(|1X):o TOA(BX): 0 TOA(|1X): 0
O | N N N |

%OAK RIDGE
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How it would look in ePIC

%

B 25 ADC(BX):95 ADC(BX): 87

( )
0 TOA(E1X): 0  TOA(BX):0
| | | |

T0 =0.000 ns

ADC(BX): 84

6 ADC(BX-1): 95 ADC(BX-1): 87
TOA(BX): 0
| E1 |

O
D L
<< | \
400 -
200
oL (p:0 (©x:0

OAK RIDGE
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100 150

time [ns]

ADC

400

200

0600

400

200

I T0=9.375 ns

| [ ]
[ )
° [ ]
ADC(BX): 78 ADC(BX): 444 ADC(BX):271 ADC(BX): 146 ADC(BX): 104 ADC(BX):90  ADC(BX): 84
(BX-1): 7 (BX-1): 78 (BX-1) DC(BX-1): 272 ADC(BX-1): 146 ADC(BX-1): 104 ADC(BX-1): 90
(?X):O A(BX): 0 (ﬁ ) TOA(BX): 0 TOA(E1X):0 TOA(BX): 0 TOA(jX):O
| | | | | | | | |
i . TO = 29.688 ns
B [ ]
[ ]
— {
o
[ ] [ ]
DC(BX): 78 ADC(BX):78 ADC(BX): 552 ADC(BX):238 ADC(BX): 136 ADC(BX):100 ADC(BX): 88
|~ ADC(BX-1): 78 ADC(BX-1): 7 C(BX-1): 7 (BX-1): 5 C(BX-1): 238 ADC(BX-1): 136 ADC(BX-1): 100
TOA(?X): 0 (BX): 0 TOA(ﬁX): 0 (BX): 0 TOA(ﬁX): 0 TOA(BX): 0 TOA(iX): 0
| | | | | | | | | | |

time [ns]

ADC

400

200

0600

400

200

T0=20.312 ns

[ ]
[ ]
[ ]
( ]
° ° o
(BX): DC(BX): 7 DC(BX): 416 BX): 188 ADC(BX): 118 ADC(BX):94  ADC(BX): 86
(BX-1): C(BX-1): 7 C(BX-1): 79 ADC(BX-1): 418 ADC(BX-1): 188 ADC(BX-1): 118 ADC(BX-1): 94
TOA(?X):O OA(BX): 0 TOA(ﬁX):O A(BX): 0 TOA(|1X):o TOA(BX): 0 TOA(WX):O
| | | | | | | | | | | |
TO =40.625 ns
[ ]
[ ]
[ ]
{ }
@ ®
DC(BX): DC(BX): 7 C(BX): 102 BX): 340 ADC(BX): 168 ADC(BX): 111 ADC(BX): 92
(BX-1) C(BX-1): 7 C(BX-1): 78 ADC(BX-1): 102 ADC(BX-1): 341 ADC(BX-1): 168 ADC(BX-1)
OA(BX): 0 0A(E1X):o A(BX): 0 TOA(E1X):0 TOA(BX): 0 TOA(EIX):o
| | | | | | | | | | |

100 150

time [ns]

lllustration with real data:

 Each signal is shifted by about 10ns

* The points represent the samples we
will obtain

e Numbers below the points show
exactly the measurement

Reminder:
ADC(BX-1) I= ADC(BX)-25ns,
because how the data is obtained



TOA and TOT calibration

This is done with one fixed time for now (one sample from the whole shape)
Went through the lengthy calibration procedure for TOA and TOT:

1. Set TOA global thresholds (for each side of the chip)

2. Set fixed injection large enough to pass TOA threshold

3. Scan channel-by-channel the TOA thresholds (5-bit 0..31)

4. Set channel-by-channel TOA for each channel, scan for two chip-halves

5. Set the global threshold so each half of the chip respond the same

... repeat again for TOT with larger injection, so it passes the desired TOT threshold

@
&,1000 Channel 0O . Sample at 18.75 ns
Q B : ADC(BX-1)
n - TOA
b TOT
EE -
500 |—
'-..___
B e o o o o o sl n e R A R R R R R T T T T I "Ignore negative Slope’
0 | | | | under investigation
0 500 1000 1500 2000
Injection [int]
%OAK RIDGE
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Sampling when reaching TOA/TOT

%

_ADC

500

T0 =0.000 ns

R R
100

I R
150
time [ns]

L ADC(BX):66 ADC(BX): 67
(BX-1) (BX-1): 6 (BX-1
- (BX) A(BX): 0 (BX)
T(BX):
]
- [ ]
) °

T0=20.312 ns

OAK RIDGE
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R R
100

I R
150
time [ns]

_ADC

500

500

- (BX): 6 C(BX)
(BX-1): (BX-1): 66 ADC(BX-1): 548
- TOA(BX):0 TOA(BX):416  TOA(BX): 0
TOT(BX): 365
°

T0=9.375 ns

| | | | | | | | |
100 150
time [NnS]

| ADC(BX): 66 ADC(BX): 66
(BX-1) (BX-1): (BX-1): 6
- TOA(BX): (BX): 0 (BX): 736
(BX): 3
[}
[}
° °

ADC(BX): 1018 ADC(BX): 286 ADC(BX): 146 ADC(BX): 104

6 ADC(BX-1): 947 ADC(BX-1): 1018ADC(BX-1): 286 ADC(BX-1): 146

TOA(BX):0  TOA(BX):0  TOA(BX):0  TOA(BX): 0

T0 = 29.688 ns

| | | | | | | | |
100 150
time [ns]

Same signal in different phases:

e TOA is changing - giving a clue in which phase we are

e TOT is constant

* Note the change of the data structure when the TOT is
reached

Using the TOT/ADC slope
calibration, one can easily calculate
the ADC_equivalent (as ADC is

: saturated) value
i TO = 40.625 ns

TOT 5
10 )

0" _ AD Ceq — fEldC [ft(_)tl (TOT) ]

| | | | | | | | |
100 150
time [ns]

ADC,, ~ 15bit value



Gain checks

At the conveyor output and at the preamp input. To

Cd (pF) 5,10, 20 o
] ensure the preamp stability.
| In parallel, these resistors provide 15 values to be
100 ¥, 200 IF Rf (Q) 25K, 50K, 66.66K, 100K adjusted with the Cf and Cf_comp values to get the
desired decay time constant.
Combined with the Cf_comp capacitors, provide the
Cf (fF) 50, 100, 200, 400

gain of the preamplifier.

i
4

Ko 10K

Same purpose than Cf capacitors but connected

differently to improve the preamplifier stability. From

Cf_comp (fF) 50, 100, 200, 400

)}{1‘

2017, 200 IF. 400 1. 800 7 gain point-of-view can be considered in parallel with Cf

Calib dac

capacitors.

Table 1.1: Values for Rf, Cf and Cd
Same injection in the same channel

w
c\\ ..

- +
Conveyor NM ' T _ .
) I - 8 B « ADC(BX) H2GCROCS3 internal injection test
| o ADC(BX-1)
] <C 1000 |— Channel 36
e} e B « Rf:100K; Cf:50fF » Rf:100K; Cf:200fF
%% « Rf:66.66; Cf:50fF + Rf:66.66; Cf:200fF
Calitwation Cicat - fosgenee, . Rf:50; Cf:50fF . Rf:50; Cf:200fF
N S LTSN . Rf:25K; Cf:50fF . Rf:25K; Cf:200fF
# M 3;;:¢,=‘=:;:;, - Rf:100K; Cf:100fF -+ Rf:100K: Cf:400fF
1 Vih h" B !,iif;vixag'ipffh,' = Rf:66.66; Cf:100fF -+ Rf:66.66; Cf:400fF
, 500 — $o7v A:':ﬁi’!!..uuﬂhl n Rf50, Cf:100fF v Rf50, Cf:400fF
1 v et T By idyTvvesitng, = RE25K; CR100fF  + Rf:25K; Cf:400fF
TOT DISCRIMINATOR - ' M INRAE MAKH TR H [ TF
| ! o0 . v!. ’
B !.o '... i“‘v
: : : T i
Pre-amp gains can be changed in the ASIC - g "eedlll :
anytime, built-in setup can be further Oy %5 100 | 150

tuned to our needs (EIC) Timestamp [ns]

With the quick test, 16 different gains were explored:
 Dynamic range can change a factor of 3!

# OAK RIDGE * More setups can be added

National Laboratory




Current readout scheme
ProtoBoard1.0 or

[Carrier+mezzanine board] KCU105

12C, slow control

320 MHz

Data line
2x1.28 Gbps

Trigger data lines
4x1.28 Gbps

Cables: FPGA

Hit detection

L1 5
1 LV 1.2V; LV 2.5V

HV 40-50V

The firmware, software is set:

e Self triggering mode - we can decode the
information in KCU and send a trigger signal
(for now 1 usec dead-time is set)

e External triggering - any 1.8V signal can be
accepted as trigger input

DAQ

%OAK RIDGE

National Laboratory




First results from 2.5 V injection test, plus external injection

ADC

ADC

250

200

150

100

50

H2GCROC3 2V5 injection test

I 1 1 1 1 I
50 100
Sample number
B H2GCROCS3 2V5 injection test
i Just decrease pedestal
I 1 1 1 1 I
50 100

OAK RIDGE

National Laboratory

Sample number

This is directly injecting to the input of the channel:
 Had some initial troubles to see the 2.5V injection, but after
clearing up with Lida Kalipoliti from CMS, we got it right
 This is important step to connect the SiPM in the input:
 Making sure all the pre-amps work: Low and High injection
 Making sure the current conveyer is set properly: 2.5V
injection




90Sr source test

Self triggering test:
 We put the source directly on the 5x5 cm=2 scintillator

e External triggering is not possible, we utilize the self-triggering mode:
* First 4 channels are summed up in the trigger line O

e Pedestals are loaded to the I2C of the chip

e Compare the outgoing trigger data to a threshold:
e |f threshold is reached—> send the L1A trigger
e The L10ffset sets how many clock cycles we wait

29Nns
< >
Trigger data 0 | 0 | 0 0
0 ‘ “ Data in buff.
! Deadtime|~ 1 us L1A ttigger
FPGA
< >

L1 offset

OAK RIDGE
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90Sr source test

Self triggering test:

 We put the source directly on the 5x5 cm=2 scintillator

e External triggering is not possible, we utilize the self-triggering mode:
* First 4 channels are summed up in the trigger line O
e Pedestals are loaded to the I2C of the chip
e Compare the outgoing trigger data to a threshold:

8 10001 Channel 2 H2GCROC3 Test, 56.5V . 8 10001 Channel 2 H2GCROC3 Test, 58.5V l 10°
< I Self triggered mode e < I Self triggered mode -
*Sr source - I *°Sr source :
| N —= 10?
102 — =
500 - B 500 - = B
] — : _ - =
— 10 —
‘Ped o T Ped o o —
O ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | 1 O ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | 1
o) 10 15 20 o) 10 15 20
Time stamp [25nS] Time stamp [25nS]

OAK RIDGE
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Testbeam setup

]
o
s R

* 4N - !

"
-

4
} v
% e & I "~ . L <~
' - = X ) ‘: .- -
B . - L. =
- | s § el |
o B A, - %54
- i i - ) ;
R = - V'
. - e |8
3 : ’ 12 B
gl WF - - = ;
A" 4 . 13 ‘

rotoBoard1.

)
X et

PASURHRRNRNR RARE
ety il PRA OV

(14}

3 "7'5_'%'_'
[ h— ‘TT"\"%& Eﬂf_ﬂji,_ '

: ./. _"“i r.l'l-’l'l:l"),'fm 7 I. I [ ‘

"J; ‘J;l"l‘x})il‘l‘lil&:(‘)‘l}o!‘fl‘

After a lot of debugging and searching for signal, we moved for a
testbeam at PS with the MiniLFHCal

%OAK RIDGE
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Testbeam results

We first tried to see the signal:
e Self triggering (the sum of first 4 channels for simplicity)
e Vary the L1offset to search for response

Q [ channelo —__H2GCROC3 LFHCal layer I Q [ channelt H2GCROC3 LFHCal layer I Q | Channel2 ——H2GCROCS LFHCal layer I Q  Lchanneks H2GCROC3 LFHCal layer
<4000 — —Be-Biself triggered mode| | < 000 56.5V, Self triggered mode || < 000l ___=—s5aB¥Be|f triggered mode <4000 i; _56.5V, Self triggered mode
gv Py i 7, 10 GeV - . —— ) ~10r —
3 i E i —— =~ 3
= : May not be even connected - — T
] i - i — ]
—— ] — =—— e
500 = — — 10 500 — i 500 — ———— — 10 500 = === BN
= : - E - —= = — ————
= — i B — — —
- = ——— —
— — 1 = [ 1
O % 1 1 1 1 1 | 1 1 1 | 1 1 1 | 0 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 O 1 1 1 | 1 | 1 1 1 | 1 1 1 | O 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 | 1
6 8 10 12 14 6 8 10 12 14 6 8 10 12 14 6 8 10 12 14
Time stamp [25ns] Time stamp [25ns] Time stamp [25ns] Time stamp [25ns]
8 | Channel 68  _H2GCROC3 LFHCal layer I 8 | Channel 49 H2GCROC3 LFHCal layer I 8 | Channel 31 H2GCROCS3 LFHCal layer I
< - 56.5%>Self triggered mode| _ < - 56.5V; Self triggered mode < - 56.5V, Self triggered mode - Py
= - 1, oo _ 1. In all 40 channels responded some quite visible,
: —HEGeV . : v, TEGeV 10 : 7, 10 GeV :
—= E = = : — . some medium, some small
— == 7 N B
500 = = . 500 =10 500 [ - 1
0 Lo T T L R 1 0 0 %I. TR BT T P T B S ST
6 8 10 12 14 6 8 10 12 14
Time stamp [25ns] Time stamn [25n.] Time stamn [25n.]
8 | Channel 52 —H2GCROC3 LFHCal layer l 8 | Channel 55 H2GCROCS3 LFHCal layer l 8 | Channel 39 H2GCROCS3 LFHCal layer I
< 1000 - _ 56.5%=Self triggered mode < 1000 56.5V, Self triggered mode < 1000 - 56.5V, Self triggered mode
f —, 106-GeV 10 : 7, 10 GeV 10 , 7, 10 GeV =R
i = ] i ] I ]
500 [ — =10 500 (- =10 500 [ — 2"
i = —— I 1 ———— I 1 i = I 1
6 8 10 12 14 6 8 10 12 14
Time stamp [25ns] Time stamp [25ns] Time stamp [25ns]
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Not yet the end!

| Never-give-up cosmic setup:
— ¢ Quickly done after the testbeam setup was removed

| i | L B _‘ [ s T
| Ll Il L ! N
k [ ‘l e 77»*‘  . - i
L | et
ses B . 5 1 e !
my | . 7 T e
L 9 s | VB ] i B |
S | =1 sl | ;i_v b 111 ‘ j
- w =l iy /&) /8
= - ] — i | f ' I ‘
= ,, . = e ¢
s = — J
S =
—— b . '
4
e

o * 10x10cm?2 scintillator for external trigger
ger o e This is different, dropped the self triggering now

I

Shorter cable Longer cable

O 200 O 200
2 "L channet7 H2GCROC3, $13360-1325 I 2 "L channel 45 H2GCROC3, $13360-1325 I
2 102
< i o 58.5V, Extr. triggered mode|| 1’  <C I 58.5V, Extr. triggered mode| -
- S Cosmic 1 - _____Cosmic
150 — I 150 - —
_g_ I10 — I1o

Wa— wozen e a8

| = 5 N =
|

i l ! ! ! ! ! ! ! ! l ! !
>0 0 10
Time stamp [25n

Check the max for responding channels

! ! ! ! l !
5 10
Time stamp [25ns]

g 88 —
N —N
g o @S O

a3
- oy 8

13 gy &4
llllllll

i H2GCROC cosmic run
10°F —Sum

- indiv. chanmels We see the MIP peak from
the cosmic runs

entries
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Extra stuff from Omega

W0 CCo0Ce =

= e e/ b

‘—V‘? -;4

350 1 1 p-e- 175 0p.e 1 p.e.
- 0 p.e. 19D
8 e 2 p.e. 4 125 2 p.e.
:EJ 200- E 100
E 150 E 751
100 — 50 3 p.e.
3! ! VPSS
oAl | |IIII I \ “ - |||| ‘I|||||||||I|II.|.|.....|- .
300 310 320 B30 340 350 260 370 380 460 480 500 520 540 560
Amplitude [ADC] Amplitude [ADC]

*Extra step for 9mm? SiPM calibration:

The large C,,, of the 9mm?2 SiPM produce an Witho‘;? DNL

. . correcton. 80 | - -

increment of DNL and make it harder to see m Some smgle photon Spectra using the
0

the photon separation. 60
H2GCROC from the Omega test setup

# of Entries

40

The DNL can be mitigated taking data with

different pedestal levels using the ASIC to sl “I | : : o

move the pedestals (Trim_inv parameter). Ll L ng(ljllllll“ll-lgzgh---- e * Small SiPM is ClearlY visible o

SPS is clearer after aligning the data. Amplitude [ADC] e |Larger ones are getting less visible (larger

11 capacitance)
 They will also check the 36 mm2 SiPM

Thanks to Jose Gonzales et al
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Calibration Circuit Plan
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LFHCal specific

< >
e A Max 200mm
|
10V
12V [«—— 25V |«
5 'npi 5 Sum 1 output
(1x8)
£ Bias 45-55V
S 520pin —> <
o
% connectol HGCROC |«
s —> <
10 input 10 Sum |1 output » LVDS » 2x1.28
— (6x8) driver up » Gbp
to5m |« 200 MHz
< 12C
12V &= FCMD
\4

Analog data out (520 channels)\ >

This is LFHCal specific:
e SiPM is on tile, 5x5 cmA2 tile, 1.3x1.3 mmA2 SiPM

CPLDS  Long PCB connects all analog signal to the back (1.4m)
(XC9572XL-10TQG100C [72I0]) CPLD1 FEB e LED for Calibration:

12 e HGCROC enables one output pulse
\ Calibration pulse * Using some simple component to distribute to single
SiPM
e HGCROC (72 channels) would be located on FEB
e 520 inputs, needs to be summed in groups of 5/10

8ch 8ch
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Going to the Barrel EMCal

EPIC Considering each block will be readout as individual channel:
1/48:@23233"9' 48 x 70 channel on either side = 3360
e NO Summing - more info about showers
e Option 1: Maximum readout cross-wedges
e 93 HGCROCSs can handle it (9,300%)
e Option 2: Each wedge would be read by single HGCROC:
e 96 HGCROCs would cover both sides (9,600%)
e 200 W heat dissipation, half in either side
e One FEB currently with no modification to the HGCROC 1,000%:
o All trigger lines are read out, etc. towards the “FPGA” (serviced can be
reduced)
e PCB is more expensive because of the BGA packaging 0.8 mm pitch
(there is an 0.6 mm option)

—
@)

-
1N

—
w

-
N

—
—

—
o

Imaging part
A
—~ NDNW A OTO N 00O O

Considering KUO60 or higher is at current HGCROC version is 32 HGCROC/1FPGA

Imaging layers
(not to scale) Max one would need 3-4 FPGA RDQ'’s, might be reduced to 0-1 if all the updates to

the ASIC is done (1 FPGA board is now 15k$ with all components)
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o \ n sples

| |RAM2, illustrating 16 out of 32

Towards RDO

>

BuffO is empty Buff1 is empty Buff2 is empty
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lllustration 300 ns
e Signal —

o \ n sples

! |RAM2, illustrating 16 out of 32

1 s Towards RDO

BuffO is empty Buff1 is empty Buff2 is empty Buff3 is empty
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lllustration
/ Slgnal\

o \ n sples

! |RAM2, illustrating 16 out of 32

) 1 s " Towards RDO

BuffO is empty Buff1 is empty Buff2 is empty Buff3 is empty
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ProtoBoard1.0 (we have 2 of these)
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ComBoard1.0 (we have 5 of these)

MU e iea et iacia oo o) USB2FMC, LPC 1.0

M Cable test connector
| ' a) =l (o)) G @

,li " T

ol .....r,......”," i .es:.m'.::ts
)ﬁr f mRil UNNERW
Boot flash 1 j FACUL]Y S
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Some IR pictures while working
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LFHCal readout hierarchy (as of now)

On-Detector (Radiation tolerant) Readout Board(RDO) | D AM ___________________
Front-End Board (FEB) _ ' s
100 MHz clock, :

12C, slow control

l slow control
320 MHz

Data line —
2x1.23 Gbps FPGA Optical fibers
Pieleis{o]oxiN Trigger data lines ::

#x1.26-Gbps S | 5 5
=% it detection ﬁ

1 Zero Suppressed
. Streaming Data

HV 40-50v LV 1.2V i Close to detector, less
LV 2.5V B radiation ’

Data propagation from the detector to the EPIC DAQ system:
e The H2GCROCS requires the L1 trigger for readout, with the maximum speed of 960 kHz
 The expected hit rate in one channel of LFHCal is up to 50 kHz:

 With possible 4 sample readout we would reach a maximum of 200 kHz

e Streaming readout towards the EPIC DAQ system
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LFHCal readout hierarchy (after the upgrade)

On-Detector (Radiation tolerant) Readout Board (RDO) DAM

:Front-End Board (FEB) ; 5 Slow control |
5 LVDS links IS _
BN 12C communication [

12C, slow control

100 MHz clock

200 MHz
P Optical fibers
Data line B
2x1- 28 Ghps
Convert to fibers Streaming Data
HV 40-50v LV 1.2V i Close to detector, less
LV 2.5V B radiation T

Data propagation from the detector to the EPIC DAQ system:
e The H2GCROCS requires the L1 trigger for readout, with the maximum speed of 960 kHz
 The expected hit rate in one channel of LFHCal is up to 50 kHz:

 With possible 4 sample readout we would reach a maximum of 200 kHz

e Streaming readout towards the EPIC DAQ system
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