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H2GCROC overview

Existing ASIC for CMS, ALICE detectors

Overall chip divided in two symmetrical parts:
e One half is made of:

39 channels (in CMS 36 channels, 1 Calib, 2 CMN)
* Bandgap, voltage reference close to the edge
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e Bias, ADC reference, Master TDC in the middle Microelectronics
 Main digital block and 3 differential outputs (2 trigger, 1 data) — o

Measurements: [ S hifter ]- -[ FLL ]— ot Bt Ca o Fz::séznmnlﬁtds

) Charge: Clock and control path Sxist

e ADC peak measurement, 10 bits at 40 MHz, different gain setups
possible, 0.4fC resolution

I Pointers & Logic I

¥ v
e TOT: (Time over Threshold), 12 bits, 2.5fC resolution \ Readout path

. Time: (T ) T1x M I \ 1 Ll 2 ol -
e TOA: Time of arrival, 10 bits (25ps) Latency H[ o o : megf:;d i} | Data

Data flow: % I g BN 8 e S R " -

e DAQ path: — E_I | rRavp | § 2x Data
e 512 dept RAMA1, circular buffer " pagws S CRCISB” -
e Secondary RAM2, 32 dept I A - — > .
e Store all channel data, ADC, TOA, TOT Chargs ; L ngeert }
e Output 2x 1.28 Gbps links = eors) | |Compression [ e

e Trigger path: Tn 4x Trigger
e Sum of 4 or 9 channels, linearization, compression to 7bits ——— 16x/8x "'!_F';“-*J link
e 4x1.28 Gbps links

_ o DAC 1 ( Bandgap Slow control
Control: {Calbmtnﬂ}{ ToT/ToA Voltage ‘1 comm. port

e Fast commands, 40MHz and 320MHz clock e Swcahokis J L References J Slow control path

e |2C for slow control l:I
: Tripled Module
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CALOROC

Existing ASIC for CMS, ALICE detectors m

/)

Overall chip divided in two symmetrical parts: AGH - il =6

e One half is made of: '1 :,'f; =T
39 channels (in CMS 36 channels, 1 Calin 2 CCMN) 7\ =
e Bandgap, voltage reference close to tMain changes to the ASIC to apply for the EIC CALOROC d
* Bias, ADC reference, Master TDC int{, Self-triggering instead of triggered readout:

“--B -~

=F (] G

m|d Dec 2020

* Main digital block and 3 differential ot 4 Trigger lines will disappear

Measurements: .~ — — — — — =~ Fast commands
. Charge: e Self-trigger on TOA LA + 1 comm. por
e ADC peak measurement, 10 bits at 4/2- 064 channels per ASIC | _ _
possible, 0.4fC resolution e Reduction due to the extra complexity of the ASIC “; = Lozic
 TOT: (Time over Threshold), 12 bits, z e 4 data lines, no trigger lines . N R.eadout path
. T'm_l_ec:)A o o 3. Zero-suppression: iegera| &

Data flows ime of arrival, 10 bits (25ps) * Increase the readout speed and decrease the data load FFo |M | D= _D::
. DAQ p;th: 4. (Optional) Dual-ADC readout, instead of ADC+TOT: - o i A0
e 512 dept RAM1, circular buffer e CALOROC-B Test production together with the CALOROC-A | —1 tink

e Secondary RAM2, 32 dept =, N :
* Store all channel data, ADC, TOA, TOThe design of the CALOROC is done, sending for production - reados <D°::
e Qutput 2x 1.28 Gbps links ] | Gor9) | |Comprssion [H || manager
e Trigger path: L Tree 4x Trigger
e Sum of 4 or 9 channels, linearization, compression to 7bits per channel 16x /8x trigger cell unit / link
: '
e 4x1.28 Gbps links

oy DAC
Control: [C'alybrqtion} ‘ToTToA] ( %fg&ggaf ‘1

e Fast commands, 40MHz and 320MHz clock e Swostoks J L References J Slow control path

Slow control
comm. poit

e |2C for slow control

%OAK RIDGE
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H2GCROC Data Format

H2GCROC (72 channel) 38 x 32 bits

32 bit — 32 bit Min 1x

38 x 32 bits

32 bit — 32 bit Min 1x

Data Line1 CH36 CH37 CH53 CH64 CH72 | CRC32 m

= ool 11 oro
3 T N

No zero suppression. The two lines are not independent, they always provide all the data:
e One needs an idle word between the samples (hence 80x32bit on 1.28 Gbps)

 This is one sample in the waveform

Header:

 Always has to start and finish with “5” = 0101 - this changed in 3B, but still constant

 Couple of counters - 12 BX is the 40MHz clock, Event is when received trigger and Orbit counter (these are
¥ OAK RIDGE | HC standards)

National Laboratory




CALOROC data format

CALOROC (32 channel) Variable max 18x32 bit

32 bit <—> 32 bit Min 1x
6¢ch hit The channels

can be zero

Variable max 18x32 bit suppressed,

32 bit ﬁ 32 bit Min 1x the length can

. vary
Data Line1 m CH18 CH31 CRC32 “180h hit

o] oxcom o[ o oo
plifggb-Toll — 0111 1100 0010 0000 OO0O0 O0O00 0000 0000

1111 1111 1111 1111 1100 0000 0000 0000

Header is just copy-paste:

 This can be updated

With the zero suppression implemented, it assign a bit to each channel (to map which channel was hit)
 Only 18 channels, but it has 32-bit word (the last 14 bits are unused)

%OAK RIDGE
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Phase
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The H2GCROC is running on a 40 MHz clock:
e Input of the H2GCROC is actually 320MHz

e ADC, TOA, TOT are sampled every 25 ns
e There is a variable applied to the whole chip -

phase [0-15]. This is a 25/16th phase variance
between the clock reference and chip



Key aspects of the H2GCROC

______________________________________________________________________

|
IntCtest | HR  Choice cinj HR Choice_cinj Per channel (x39)

S

Calibration circuit: — —
e |nternal injection of the ASIC: trcbe
* Low injection: v ; .
e Testing the ADC response, preamp settings Global | R 1
e Calibrating the TOA ’ 1

» High injection: .
N\ AN

HR  Choice_cinj

12b DAC_2V5 ' 3pF

e Calibration of the TOT m g o I I

e 2V5 injection: trobe ] L e :
e Calibrating the Current Conveyor A s

* More realistic shape response CTEST %

Preamp settings

ExtCtest_2V5

Gain Conveyor

%OAK RIDGE
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Gain Conveyor

/ e 3.2 “Channel-wise” 12C parameters
B \ - 6 gain_conv<0> % | Conveyor Gain: <0> = 0.025, <1> = 0.05
I Ibi/g o 7 gain_conv<1> “0”
Vdac__“:w | y tbo 8(- & ' L{f 7 gain_conv<2> “” Conveyor Gain: <2> = 0.1
—1 | | 3.3 “Global analog” 12C parameters
4[”0 “3‘2;':;’,‘,‘;:3%) ” dﬁ (> 7 gain_conv “1” Conveyor Gain: <3>=0.2
i P There are 4 bits to setup:
“d L IE e 3 of them are settable channel-by-channel
= = & e 1 of them is global
O 800
A B .
< — Gains:
. i . 0.000 - 0.200
The range of the same injection 600 I~ e . 0.025 - 0.225
value with different gain settin T - 0.050 - 0.250
alue different gain settings - i . 0.075 - 0.275
- . . 0.100 - 0.300
16 different settings are possible, 400 — i ole0 e
full phase scan was performed i sy 0.175 - 0.375
200 —
O i | | | | | | | | | | | | |
0 100 200
% OAK RIDGE time [ns]
National Laboratory



Pre-amp Settings

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
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Internal injection and TOA

Internal Injection Test ® ADC Value
Channel 135 TOT Value
19997 12p DAC: 500 ¢ TOA Value
Oct. 2024
++++++
800 - ¢ ¢
.. .t + *
RO "«»,‘ It appears for clock phases 0,1,2,3,4, the ToA and
¢ o
. ToT values will shift by one bunch crossing
N R ANAN Ao HNMYINO N AN AN O HAMTINOND O SN AN Ao ﬁ“q‘m‘l\ amafAASfcrnmenornooanlASSonmein
osssssssscess® o '.+ "'"“"'-«-«.-x-»..... * Structure stems from each TDC being composed of 3 stages:
o frasssnnpe it o " + 2-bit grey counter LSB = 6.25 ns

+ Coarse 5-bit TDC LSB =~ 200 ps

Internal Injection Test ® ADC Value + Fine 3-bit TDC LSB = 25 psS
Channel 135 0000000000000000000000000 0000000 TOT Value
10009 151 pAC: 2000 ©° ‘ ¢ TOA Value
Oct. 2024 o +
800 - .. *
¢ . +
© 600 - S
E o +
4 o | ¢ .
200 | o ﬂ grey counter coarse TDC fine TDC
7 e O
NooSHRNASR PR Fu A mgq-m R o fu et N.MEH g m<in I~+m ek gl m < in
200 1 . . * ++‘n..m””
Pesooossceseee® ° ¢
0 e w

Time (ns)

%OAK RIDGE
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ToA calibration - fine TDC

. Lopes, HGCAL DP

ToA per-channel for module 0 for Run1710509063 ToA per-channel for module 0
nd look at range 16000
TOA 0) % B ToA for module 0 for channel 2 0.26 :—
Lﬁ ToA for module 0 for channel 6 -
00 ToA for module 0 for channel 10 0.24— —
) one ACG run B ToA for module O for channel 14 . — .
or all runs) 12000 oA fiel 0 o e 2 0.2}
| 0.2—
\ codes clearly 10000y
structure of TDCs E il | b
8000 ﬂ Nl il H
| 0.16
u
6000 1 41l i } 0.14
iati : T T ol
smaller variations between 000l MJ . lF l“ 0.12
“blocks” of 8 codes - | 01
2000 — .

i 0 ]
jue | Clear pattern every 8 codes\_) 50 100 150 200 A
€ 2200(—chn1 = 55
3 ~—Chn 2 8
© 200003 _ © 50
n , { .
1800 S8 ﬂht\ﬂ n-HJdeHTZ- 45|
1600 — - 1 | (] ] 1] | | N { | 40/
14001-“ -
= 35|
1200— | ] : | -
— || | [ =
A =
- | I fie 1A Il f | _ 25 ——
800+ [ | S Al I (i [l 1[ | -
7—‘ [ d 1 1711 a1 I L 1 ' R ﬂ IJ M) ‘L kA L (K<l S 20:_=f I
600 g‘ H;q [ ol 31} L [@Fﬁ f ; I [1 Ff [ ﬁl (et | il J‘L- il l‘]‘ fr- 7[[]‘ ]L[ ol ]IL- k Hh {:lr’J jL — -
A 1 g e Gt g R g = e B
400t 1P, Sy Iyt i n ﬂﬁﬁd L b‘f?}d' fi B T ”ﬁ il H BF H ‘u{ bk | “E — ——
200_—'1 H 1“ H Hl ‘l : 1 - !:' l 1 ‘J l[ E Hl Ll F IT ﬂ Hl 1r [ | ‘1 H 1 1E Hl lln 10—_1 A | | | N L 'ﬁ' 1 |
0 50 100 150 200 250 0 1 2 3 4 5 6 AN
ine
¥ OAK RIDGE
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Calibrated TOA

35
H2GCROC Internal Injection === Linear Fit: y = -1.00x + 25.05
' Original -
[Gray Counter] [Joarse TDO] [Fine TDC] ¢ Orig Very linear response once they are all
30 {1 Run 20241104_140636 Gray Counter Ignored )
Channel 8 A Gray Counter Aligned calibrated well
November 2024 X  Manipulated Gray Counter
25 - 11 10111 100
2\ 11 10000 101
\&\11 01000 000 X
~2
‘v 20 - ~ _10 11111 010 X
- ~Q
'E' ~ 1010111110
= &\\10 01111 101 X
(>U 154 ¢ &\800111011
E) o .10 00000 011 X
\8\ .01 11000 000 X
10 - !\\01 10000 001
01 p1010 110 X '
o ~ 0100111 111
X Q\ \(E 00000 010
5 X X !\\oo 11000 001
" ~ 0001111 111
~
- qo‘oo111 101
0 -
c! 1 N m < N © ~ | )] 8 : g m S 2 QI
0.0 12.5 25.0
Time (machine gun ignored) [ns]
# OAK RIDGE
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EEMCal data (few channels, single SiPM [3x3mm2])

S 1000 S 1000 S 1000 S 1000 :
K | EEEMCal Prototype 5 | EEEMCal Prototype K | EEEMCal Prototype s | EEEMCal Prototype
&) | Phase Scan %) | Phase Scan &) | Phase Scan o | Phase Scan, ..
9,; | Channel 153, 1 GeV Electron 2 Channel 154, 1 GeV Electron 9( | Channel 155, 1 GeV Electron 2 Channel 156,.1 GeV Electron
L L e 1
February 2025 February 2025 - February 2025 Februal
800|— Y 10° 800 — Y e . 10° 800|— ry — Y £ 10°
600 — . 600 - . 600 — . ’ - .
i S 102 3 % 10 i SRR Do ; 102
400 » 40— Y. 400 _ Y 4 .
: W 10 . ; “ 10 : - T : - 10
200 " 200F— - “# 200 = . " - MRl
200 250 300 350 400 450 500 | 50 50 100 150 200 250 300 350 _ 400 _ 450 500 % 50 100 150 _ 200 250 800 350 400 _ 450 _ 500
Time (ns) Time (ns) Time (ns) Time (ns)
S 1000 P : $ 1000— S 1000 $ 1000 .
5] B G g | EEEMCal Prototype s | EEEMCal Prototype K | EEEMCal Prototype
o B : o | Phase Scan o | Phase Scan I | Phase Scan
9,: | [ 9( | Channel 158, 1 GeV Electron 9,: | Channel 159, 1 GeV Electron 2 | Channel 160, 1 GeV Electron
800|— : : o 8001 — February 2025 ) 10° 800 |— February 2025 800 |— February 2025 o 10°
600 .8 5 . 600|— o 600|— . T
3 & 10? : T 10* B . i - - 10?
400 r L ¥ 400 - 400f— -
¥ G ) 10 o Y 10 T4 E I - 10
200~ T CoL - T P . 200 . oA 200— . T : .
B i 2 s i il oo i rin) [ ; i Sl s e e ) it il T A A P i ST i i it it |
0 50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 350 400 450 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
Time (ns) Time (ns) Time (ns) Time (ns)
S 1000 $ 1000f— . $ 1000 S 1000
K | EEEMCal Prototype 10* 3 | EEEMCal Prototype s | EEEMCal Prototype S | EEEMCal Prototype
&) | Phase Scan %) | Phase Scan &) | PhaseScan - - &) | Phase Scan -
9,; | Channel 162, 1 GeV Electron 9,: | Channel 163, 1.GeV Electron 9; | Channel 164, 1 GeV Electron 2 | Channel 165, 1 GeV Electron
February 2025 February 2025 February 2025 . February 2025 .
800 |— v 800 — Y 103 800|— v 800 (— 10°
: 10° L : ) :
600— ST 600 P 600 gl e
. ’ B ’ . 2 . . ’ 102 - ;: ’ . 102
s : 10 . . : ¥ ;
400 Caghdien. o L 400 + ¥ : 40— -3 - - 4
L T 10 © — Y 10 T —% L R 10
200/~ . -4 s . ] 200 . ' ; L. 200 - f : . ] ..
0 ||!||t|||||-'I||I|||||I||I||I||t||l||[||l||[||I||[||I||[||I||| 1 L - vkl It 3 A il i i s 1 il vl ol il bl il il Gk o i T 0 - : i B il AT T il il il 1
0 50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 35| 400 450 500 45| 500 0 50 100 150 200 250 300 350 400 450 500
Time (ns) Time (ns) Time (ns) Time (ns)
$ 1000 $ 1000f— e S 1000 $ 1000
K | EEEMCal Prototype K | EEEMCal Prototype K | EEEMCal Prototype K | EEEMCal Prototype
@) | Phase Scan ° O | Phase Scan &) | Phase Scan . &) | Phase Scan
9; | Channel 166, 1 GeV_Electron 2 | Channel 167, 1 GeV Electron 9,; | Channel 168, 1.GeV Electron 2 | Channel 169, 1 GeV Electron
800|— February 2025 o 10° 800 | February 2025 - 10° 800|— February 2025 ) 800 | February 2025 " ] 10°
600 . 600 . 600 : - 600 T
’ 10? 2 E . 102 ! . 10?
400 -8 ; 400 X - 400 - k - 400 o d %
. . B 10 Do . 10 .o . ¥ T . . 10
200 - 200f— - . 200 " : W 200~ - . ]
. | i : : o J |l'|] | ||“| -| ||-| 1 |||. || || [.l. 11 1 - il il Wik i ~ i ik il i I e 1 0 - i Pl i e T ) '| 1 || 1l Il . ] | i . - . T il i 1
50 100 150 200 250 300 350 400 450 500 350 400 450 500 50 100 150 200 250 300 350 400 450 500 500
Time (ns) Time (ns) Time (ns) Time (ns)
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Different SiPM inputs

1 SiPM

L

L L] l LI ] |

.

i 1 '

—

o L e e SO ABLAE Favrats o VoS et S it Ba S SN o inee

0 SO W0 150 200 250 300 350 400 45 S00
Time (ns)

1i

] I | L ] L L I L I

| ] L

A 'l i i AR N T T NS S N R e B e e O i e

0 S0 100 150 200 250 300 350 400 450 500
Time (ns)

The first try was to connect the SiPM’s in parallel (adding the capacitance):
* The SiPM signal is reconstructed, but it gets much more wider
e TOT saturates at 200ns, so it would saturate much quicker in 16-SiPM connection
e CALOROC1B will be a dual-ADC readout chip

%OAK RIDGE

National Laboratory
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Front-End Board, first approach

CALOROC + LDO’s

Preliminary design of the FEB board:
* Implementing realistic geometry:
* This can change according to requirements
* Cooling option between the SiPM board and FEB:
e Keeping the SiPM’s on constant T
 Backward line could provide additional cooling for electronics
e Summing board on SiPM:
e |fitis passive, not generating additional heat
e | ot of real estate available:
* Possibility to put another DC-DC to provide power to AstroPIX
ETC board, etc.

%OAK RIDGE

National Laboratory



BabyECal testbeam effort - Effort

(Optional)

Readout (H2GCROC, Ethernet cable
KCU105)

Summing board

~30 cm cable
(640 SiPM cable)

The suggestion for the testbeam effort:
* Have one board with SiPM only, nothing else

* Modular summing board (active, passive, all ideas can apply here)
 Readout:

e Step 1 - readout every SiPM alone. 640 channels, that’s only 10 chips.
e Step 2 - find the best summing scheme

%OAK RIDGE

National Laboratory




Software

H2GConfig - X

FPGAO | - £
AsicO | Asict | reease lection: FPGA
b ]l ASIC se lection: ASIC
2 Top Regis T Register: Channel_54 Register o
=
ey — e e = Slow Control for the H2GCROC:
a
] lobal Analog Regi Byte [Vl Use channel-wise registers L
— | | lobal_Analog 1 | i ig Fi -
S 0 ) 0 0 0 0 \ ) | 0 | 0 [ ; . . .
o || lobal Analog 0 | /home/epical/PythonCodes / .
: e wi setup (1x2 in this case
5 Voltage Byte f0a0.json
E | [ Reference volta ge 1 | R R E R R R R RSN ———————— ( syncedtoFile )
e — — . .

e e e et o o o0 Al reaisters ar ttabl nd workin

ster 106 Regierers - | Byte timtotes>  wimtot<3>  wimfot<z>  wimfot<l>  mmft<o>  NA L NA
| Master TDC | 2 0 | 0 J 9 J | 9 | R | 2 |
[ taster || e timinv<4>  wimiv<s>  giminv<z>  wimiv<l>  mmiv<o>  poberonv  probeinv
Digital Half Reg 3 0 0 0 0 0 \ 0 | 0 | 0 \
| Digital Half 1
= Byte

[ Digital H |

-- Channel Wise Registers

[ a2 || |

| channe 1 36 | | Channe 137 |

| channel 38 || Channel 39 |

| channel 40 || channel 41|

| Channel 42 ‘ | Channel 43 | — S e e H GDAQ D
2 —
| Channel 44 ‘ I Channel 45 | ” ” H ” '

| channel 46 || Channel 47 |

e O T I S IS S T S S S S S S S N g Working Folder Generator | Debug DAQ + Generator START/STOP
DoLunoomeEGE RSE NS MRS B G - - Data Collection - 0AQ Push
::::?2“2::?;: /home/epical/PythonCodes/ Data Coll En[7:0] ElE Start Generator
| channel 66 || Channel 61 | NeWGlt/HZGDAQ Trig COI']' En [7 : e] — | Stop Generator
[ channe 162 | [ Channe 163 | 0 | 0 | 0 | 0 | 0 | 0 | 0 \ p
| channel 64 || Channel 65 | nternal Ch

1

1

_66 || Channel _67

nnel 68 || Channel 69

|
| -

DAQ is very simple:
* File or terminal dump
 Generator settings - all in 40MHz

'Select Folder| Print to Terminal|

DAQ Settings

[] event | 100

[] time [sec] |1

Gen PreImp En
Gen Pre Int

Gen Nr Cycles

Gen Interval

Ext Trg Delay

High Voltage ’ Reset/Adj

v FO v A0 v A1

e External trigger
o Ext. trigger delay - needs to avoid the UDP packet loss
e Daq push - 1 event

 HV on/off for the board
 Adjustment if there is a misalignment, debugging

Ext Trg DeadT

DAQ FCMD

Run Number

DAQ Push FCMD

ERER Gen Pre FCMD

East@ommand settings

O] (O] (O

Set IODELAY

Machine gun settings
(How many samples)

Start DAQ

Machine Gun

Send Gen Config before DAQ | |

Need to develop a fast calibration code

Stop DAQ ’

Send Gen Config LI Send HV Settings

$ OAK RIDGE which will enable fast settings of the ASIC

National Laboratory




Summary

Rapidly progressing with the prototype readout with the H2GCROC:
 We have now 6(blue)+10(green) protoboards with 32 chips available 2048 channels in total
* Firmware + software already available

 Understanding the gain and preamp settings better

e TOA calibration is better and better understood

* Working on the summing boards
* \We need to progress towards real readout tests:

* We need a test with BIC prototype

* This is giving feedback back to change settings on the CALOROC as needed
 End of the year:

e We will get ~2x180 CALOROCs by end of the year

* We are also working towards the RDO boards

%&)AK RIDGE
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