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Overview



ABC card

Need to develop test and production
firmware for two platforms, reducing
complexity and optimizing code reuse

- Common VHDL code base (single top

level) for different hardware

- Omega (Altera Cyclone Il based) test

board - 16 ch.

- ABC (Xilinx Kindex 7 based) card - 128 ch
- C++/Matlab slow control & monitoring

- Top-down description of hierarchy blocks
- Developed from scratch, full stack

- In depth code testing achieved with help

of dedicated acq. software

- Quartus 13, ISE 14.7 and Vivado 2017.2

compliant
IN2P3
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Features

Basic features

Trigerless driven data flow
Huge pipelining

- Event count tagging

- 64 [ 80 bits event modes

- Phy. event / data rate online monitoring
- Trigger rate up to 5 MHz.

- Dead time computing

- Optional ASIC data gray decoding

- Sync ASIC and FPGA time stamps

- Discriminator capture and time tagging

Advanced features

Management of variable ASIC latency
(Not an oscilloscope !)

- Extended time stamping (N bits)

- Optional DDS flow and TOT measurement
- Coarse time window scan (fine time INL)
- Parallel (all channels) S-Curve

- |P Bus ready, etc.

@mzpa
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Code




VHDL Coding

Strategy

Source code extracted from org (markup) files using
vhdl-tools library

1 generate

)-1 downto 2%i),
)-1 downto 2%i),

{ggersmbﬂuﬂ,ﬂ downto 16%i), H | nts

/f,

- Code common to two platforms

- Abuse of modularity + hierarchy of building blocks
Extended use of generics (data / params buses)

- nb_asics between 1and 8
Design based on peripherals / address decoding

- Command / interrupt oriented

- Architecture of converging data streams

VHDL code with emacs @'Nm
vhdl-mode
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Version control using git

B | Tispojet Search QDN @

F fimware W sic-cyclone3. usbif: fived byte orderingin pT redout amonth ago
& ovenien W stcindex? enamedio_fpgal topes Iuecksago
W sic-vorg renamed io_fpgal to px3 Iweeks ago N N
D= Iles under version contro
. 8 vivado7.2-project tedimension fifo 64 and ifo 8 3wecks ago
Comits B dirlocalsel gobalconis nanecessary 2months ago
e @ sipon FOS— Swesao Onl y text ﬁ les + text editor
Tags 2 LICENSE License and documenting ayearago
D 3 READMErg fixed last commit & months ago
Graph
B run gtags flessh Iplemente reset of slow contrlat poir on ayearago
Compare
2 run_gtags files_cyclone3.sh created shell scripts at rootlevel 7months ago . M
- Quartus : full project
B run_gtags fls indexT.sh created shelscripts at rootevl Tonths ago
0 Registry

L - Vivado 17.2

1) Merge Requests 0

oo build.tcl generate project

CatiROC test firmware

et et e ST o i T * ,Xxcli/xdc buffers

+ Omega test board

e N ..and that's it

£ Settings

code firmware,
License ° VHDL ﬁleS
as published by either version 3 of the License, or (at your opt y rsion. .
- Constraint files
ty Y or FITNESS FOR A PARTICULAR PURPOSE. General Public License for more
details.
If not, see

it/ new.gnurg/icenses/gpl .
« Collapse sdebar

.. plus backup mirrors (in2p3, ...)

Remote repository
IN2P3
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Version control using Gitlab @ cern

& Gitlab  pojecs v supets O Tepe Seach Q0nE @

Benefits
‘You can move around the graph by using the arrow keys.
Git revision n Begin with the selected commit

P Getting back in history, multiple versions in

[ modified for hosting tdc

Tags [T tde added l l l t
e parallel, etc.
[ fixed previous conit
eragh S with 1, 13, 135 and 137
Compare
Charts
0 sty L contraines © svsd coments o the nd o Line « Full comm |t h |Sto ry
) Issues 0 [l redinension fifo 64 and fifo &
[ redinension fifo 64
1 Vegefeests 0 [ included missing xdc files in ip g o 5 g
- - Tracking / documenting modifications
constraints :
£ Setings

- Several branches in parallel : master,

[ redinension fifo for juno

B omes s devel, pages, feature (tdc, multiasic,

[ updated Ul and fifo 64 cores

[ updated gitignore

[ updated vivado project e tC . )

[ constraint files merged

Heon

for m2, m4 and m36
[Hren

B - Multiple collaborators

[C]Fixed constraints file for W4

[Cincluded constraint files

s : - Issues tracking
- Web based diff
- Mirror for Cl + pages @ gitlab.com

« Collapse sidebar

Remote repository
commit history

@mzpa
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Version control using Gitlab : pages

In2p3 mirror
https://gitlab.in2p3.fr/

CatiROC-test/firmware

Intro  Install  Project structure [DEIEW Internals Releases Troubleshooting License

Data V\/eb S|te

We get data out of caliROC on 16 channels in triggerless mode. Each physical event is converted into a 64 bits physical
event word. The binary data format is just a sequence of physical events words

Contains all relevant information

CatiROC sends information about fine and coarse time, charge, channel number and gain (scale). Additionally, in order
to further monitor the acquisition, an event counter per channel is appended. All of this information sums up to 64 bits for
a physical event, which is to be decoded as explained below.

:g:.:tﬁ:ﬁ.y;,ika:::?‘f‘zlg?ﬁ:z, L?c'fi;"m'apluifgiﬁ.:\?e by channel) are injected into the data flow. These include . G i _t 'L a b pages b ra n C h | n m a | n r.e p OS Ito ry

The data format is the following

Pyt vt r, 1 - Developed in org markup + css

‘0" - Gain (1 bit) - Ch.Nb. (4 bits) - Coarse Time (26 bits) - EventCounter (12 bits) - Fine Time (10 bits) - Charge (10 bits)

Special information word, 64 bits .
“1'-'0' - Ch.Nb. (4 bits) - 0 (47 bits) - TriggerRate (11 bits) ° H OSte d @ G 1 t -L d b .0r g

From this, it is evident that the leftmost bit must be used to distinguish between physical and “special” events.
Information

The next fields correspond to information provided by catiROC itself

Share information with users

Coarse time - time units in 25 ns. steps

Fine time - time slots within the 25 ns. time window

Online @ https://catiroc-test.gitlab.io/firmware * Architecture, releases, speoﬁc features
Project structure
Online site
Internals, data format

- How to use, troubleshooting, etc. @mz%
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Version control using Gitlab : documentation

Table of Contents
2.5.8.2 Catiroc manager
1. Table of Contents catiroc interf
n P2, P3: catiroc interface manager ats a peripheral to
Hea 2 o "
Implements a peripheral to "usb,_if
Libraries
yte in the group of

* P2:Data Capture, 06 Command
* P3:Slow Control, CC Command

Note that p2_parans feeds here the lowest weight (rightmost) byte in the group of
p2_parans_wiath bytes (for each asic). The twoleftmost bytes (assuming 2_parzns_idth =3) - f e o
are used away. ’ o aking data, ¥ set the reset hig
« weuse here p2_parans(7 downto 0) ,as p2_parans(23 downto 8) are

used for the configurable delay feature

« weusehere cd_busy instead of p2_enable due to the configurable delay feature; during the

A T time the clock s delayed, we need to avoid taking data, sowe need toset the reset high
during alonger time

generic map (n

p2
port map (main_r

ot (cd_busy) ;
rchitecture

at
or 110 @ to nb_asics-1 genera

=> nun_of_discri_channels)

= matn_rst
ainre to 21)
24),
255, External Trig NewEventByChannel =
I > triggers(16*(i+1)-1 dounto 16*1),
25.6.USB Interfa ot
257.P1: Counter generator
=> NewEvent(i),

= resetb_tap(1),
> start_systen_tap(i),

Author: Cayetano Santos - usb
= 12232,

Online view @ gitlab Org markup file

Documentation is extracted for web rendering. IN2P3
Withing the org files, code is embedded in source blocks, along with the documentation.
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Architecture (bottom to top)




Lowest level: data capture

from CatiROC datasheet

Physical data

TransmitOnb \ / IIII \ /

Doutb XValiddata: Frame | X Undefined X Valid data: Frame 2 X

- One readout line for 8 channels

- One event split off in two frames: 29 + 21 bits

Data out - Random delay between frames
e - Variable number of channels by frame
[Channel No. | 26-b Coarse time | 7
: &
Max 8 words 1= o . .
of 29 bis g Additional data computed online
[Channel No. | .26—b Coarse time ]o
A ° - Event counter by channel
Frame 1 _
- Card & asic number
Address .
[G]  10-b Charge | 10-b Fine time |7 Trlgger rate
ADC data : 3
max 8 words - o
of 21 bits : 58
|G| 10-b Charge | 10-b Fine time | o =
20 10 0
@INZPB
Frame 2

9/18



Middle level: CatiROC controller

Legend
Buffer

CH_0to7 / [ Buffer
MUX_4tol

CH_8tol15 "p3‘ CatiROC sc ||

CH_0tol5 Source 1: Handle cati data
CH_0to7
/
T

Source 2: Handle cati data
CH_8tol5

T Merge process p2_FIFO
— TR
MUX_4tol ‘Buffer

_—v

Source 3: Discriminator data

CH_0tol5

p2: CatiROC data|| —

Source 4: Data Rate
CH_0to15

- Two peripherals: slow control and data readout

- Stream 1/2: physical data channels, 1/9 to 8/16

- Stream 3 : discriminator data, channels 1to 16

- Stream 4 : special info data

- 66 bytes of slow control by controller; slow control as payload

- Time ordered physical data @'”2"3
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pl_FIFO
[
Buffer
Legend
USBManager
Buft p2/p3: Catiroc manager 1
une > |CatiROC USB If sc p3_FIFO
— / MUX _Stol > Bt
clock \
USB If (in) — - USB If (out)
-
USBManager o = USBManager
/ CatROC USB If data p2_FIFO -~
ki MUX_Stol Buft
\ i _8to -

Nam PLL “pl’pS: Catiroc manager N"

clock

p6_FIFO

o] —— [

- One USB master enables one peripheral

- 1Input / output USB manager; 1 Buffer (fifo) by peripheral

- N USB managers peripherals (simple counter, s-curve, etc.)

- 8 CatiROC controllers (2 peripherals/controller) in parallel

- 2 multiplexers (slow control and data readout peripherals)

- All CatiROC controllers are enabled in parallel %'Nm
- Mixed data : time ordered only by channel
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Data format

Physical event word, 80 bits, EventID = '00’
'@00' - Ch.Nb. (4 bits) - Coarse Time (26 bits) - Gain (1 bit) -

EventCounter (11 bits) - Charge (10 bits) - Fine Time (10 bits) -
'00000' (5 bits) - Card.Nb (8 bits) - ASIC.Nb (3 bits)

Special information word, 80 bits, EventID = '01’

'01' - '0"' (41 bits) - Ch.Nb. (5 bits) - TriggerRate (16 bits) -
'00000' (5 bits) - Card.Nb (8 bits) - ASIC.Nb (3 bits)

Discriminator information word, 80 bits, EventID = 10’

'10' - Edge (1 bit) - Ch.Nb. (4 bits) - EventCounter (25 bits) -
Time Stamp (32 bits) - '00000' (5 bits) - Card.Nb (8 bits) -

ASIC.Nb (3 bits)
@mm
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Advanced

sjunoy

1000

Channel

25 ns / 40 MHz time window

@mzpa

- Dynamic fine time histogramming / data saving

- Pulse generator in sync with dag

Inearity characterization

|

e x ns. time steps for

|

- Variab
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Advanced: Dual Data Stream (under development)

channel discriminator

input output

CatiROC
(-IN2P3

At

*16 channels input

AV(logic)
At

+*ADC output
*16 discriminator output

At

[ADC-DS (deadtime-ful)| discriminator-DS (deadtime-less)

|

At = time-over-threshold (“tot”) ' '
NOTE: At proportional to #PE
FPGA FPGA

(via serial bus)

(via Ins sampling)

from Juno Electronics Meeting
10/2017
M. Settimo, "CatiROC Status"

Physical data out of CatiROC has a dead time

of few us.
Discriminator output is instantaneous.

Why ?

- (Physical data) dead time monitoring
- Very low (auto) dead time (~50 ns.)

- Delta difference between falling / rising

edges

- Proportional to the charge

How ?

- 128 TDC in one Kindex 7 FPGA
- Sampling of discriminator signal at 1 GHz
- ISERDES based

%mzps

- One (artificial) 80-bits event by pulse
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Validation




Validation: software

GUI user front end

T pr— — - Low level software in C++

Tools

- Gui / data visualization in Matlab

- Windows / Linux
Acquire Data S Curve . .. . .
- Amplitude/timing histogramming
[~ SaveData [~ ADCCharge [ ADCTime - Row data recording for offline analysis
Force Trigger . .
oo ™ Log Scale - S-curve displaying
- Peak fitting and analysis
[select .. =] 1.4 - Fine time characterization, etc.
ISeIect... 'I 5.8
Oscilo | [Seeet . ] 9.12 < e
Foea =] 1516 CLI scripting - under development
" Auto Scale

(with help of Julia @)

e [ Close [ using TestCardModule

myTestCard = TestCard()
GUI tc_GetIsOpen(myTestCard)
e o @INZPB

%https://julialang.org/
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Validation with Omega test card / abc in mono asic mode (i)

Piedestals Pulse generator
One color by channel Variable amplitude
Continuous (ping) / dotted (pong) Basic data validity tests

W

w

[
il

Wlﬂf\ﬂ hl

- One asic, 16 channels, external trigger - Internal trigger %
IN2P3

- All asics tested - One asic, 16 channels
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Validation with Omega test card / abc in mono asic mode (ii)

16 channels S-Curve scan

S Curve

25

—
1010 1020

- All channels in parallel @
- Programmable scan : min, max and step soft parameters Neps

- Two methods : using data or discriminator



Conclusion




Conclusion

Summary

- All available online under Under GPLv3

- In depth test using Omega test card

- Preliminary tests using ABC card in one asic mode

- Validation site: https://catiroc-test.gitlab.io/hardware/

- Needed help for data analysis ...

What's next ?

- Two / eight asics : slow control and data readout
- Dual data stream : to validate

- Bug fixing

- Increase local buffers capacity with 1 GB DDR

- GCU interfacing

. Adapt for ABC v1 @mzm
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