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) 0-Vertex Detector (MVD) is the innermost subdetector of the PANDA (anti-
2 ations at DArmstadt) detector at FAIR. Its microstrip sensors are read out
g g g n n B B g H 2s  front-end electronics called ToA St (Torino ASIC for Strip readout) [ 1]. The ToASt chi
After clicking on the link "report" a pop up will open with a link to the pdf file. e e
ind forwards them to the off-detector readout cards based on the AMC (Advanced Mezzanine

X X . . standard. Both the MDC and the AMC readout are currently under development at KIT [3].
loPP website after your corrections have beenim p lemented , provi ded that we 2» The complete readout chain, including the double-sided microstrip sensor read by the ToASt chips

receive them in time.

y for the forthcoming ASIC version of the MDC,
5. Extensive pe erization of the current readout chai

MDC Review Meeting Dec. 11 (2024) M. Caselle IPE


https://jinst.sissa.it/jinst/author/docPage.jsp?docPgType=work&docId=JINST_037P_1124
https://jinst.sissa.it/jinst/author/docPage.jsp?docPgType=work&docId=JINST_037P_1124

Preamble, funding strategy, planning a ﬂ(IT

Karlsruhe Institute of Technology

The MVD, which will be placed in the innermost detector layer, will provide high resolution
tracking for primary interactions and secondary vertices of short-lived particles and
delayed decays. To complete the DAQ system of MVD two devices have been developing
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Karlsruhe Institute of Technology

Towards to detector layout simplification ﬁ

icrostrip detector module ) S

10 Gb/s

Microstrip detector:
Readout chips (ToASt): # 2788
Number of MDC: 592 @ 320 Mb/s
Up to 8 detector modules / LpGBT @ 320 Mb/s

Number of AMC cards: 3 (only 7 optical cables with
12 full-duplex fibers each)

5 MDC Review Meeting Dec. 11 (2024) M. Case Number of ATCA carried card: 1



From TDR to real ASIC a ﬂ(IT

Karlsruhe Institute of Technology

Module Data Concentrator ASIC - architecture Module Data Concentrator (TDR)
? = Up to # 12 channel links from front-end interfaces
E E" ] im“; Several data processing had been considered:
. —— Mapping cluster, Hit Finder, Feature Extraction
" Large FIFO 32x512

12:1

e-port based on GBTX, one link for data @ 160 Mbps

6 MDC Review Meeting Dec. 11 (2024) M. Caselle IPE



From TDR to real ASIC a ﬂ(IT

Karlsruhe Institute of Technology

Module Data Concentrator ASIC - architecture MOdUIe Data Concentrator (TDR)
M
¥ = Up to # 12 channel links from front-end interfaces
T Extraction
E Jem] ol (ptons) Several data processing:
X Event Bute - Mapping cluster, Hit Finder, Feature Extraction
E Status/
y Large FIFO 32x512

-
He
-

e-port based on GBTX, one link for data @ 160 Mbps

In collaboration with the Module Data Concentrator (Current design)
MVD team ] )
Moving the data processing to more
MMB flexible programmable logic (off-detector),
- more flexibility and intelligent (ML) data

processing on ZYNQ US+

Reduce the complexity of MDC

7 MDC Review Meeting Dec. 11 (2024) M. Caselle IPE



From TDR to real ASIC

Module Data Concentrator ASIC - architecture

Feature
Extraction

{ (optional)

Status/
Control

MVD team

8 MDC Review Meeting Dec. 11 (2024)

ﬁ Karlsruhe Institute of Technology

Module Data Concentrator (TDR)
Up to # 12 channel links from front-end interfaces
Several data processing:
Mapping cluster, Hit Finder, Feature Extraction
Large FIFO 32x512
e-port based on GBTX, one link for data @ 160 Mbps

In collaboration with the Module Data Concentrator (Current design)

E-port based on LpGBT, two links

MMB operating @ 320 Mbps (total data
- throughput up to 640 Mbps)

M. Caselle

Reduce main FIFO 32x256 ( less logic /
area / power)

IPE



From TDR to real ASIC a ﬂ(IT

Karlsruhe Institute of Technology

Module Data Concentrator ASIC - architecture Module Data Concentrator (TDR)
= Up to # 12 channel links from front-end interfaces
] im“; Several data processing:
Euent St — Mapping cluster, Hit Finder, Feature Extraction
Large FIFO 32x512

e-port based on GBTX, one link for data @ 160 Mbps

In collaboration with the Module Data Concentrator (Current design)

MVD team ; ;
Increasing the number of input channels up

MMB to 16 links. Technically driven and highly
- advantageous, as it broadens the potential
applications of the PANDA microstrip
detector across various experiments

9 MDC Review Meeting Dec. 11 (2024) M. Caselle IPE



Data Concentrator - Requirements a ﬂ(IT
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High-Speed front-end interface:

Supports auto-detection and data link negotiation

Clock and Interface:
Master clock operation at 80/160/320 MHz via LpGBT and e-link-based interface (LpGBT compliant) for seamless

integration

Robust Design Features:

Triple Modular Redundancy (TMR) logic for enhanced fault tolerance, built-in data consistency checks and command /

configuration protection logic for reliable operation

Optimized for On-Detector Module:
Designed as a low-power device to accommodate limited cooling resources, and fully integrated solution tailored for on-

detector environments.
Technology and Production:

Developed in the same CMOS technology as ToASt (UMC 110 nm), fabricated within the same engineering

MDC Review Meeting Dec. 11 (2024) M. Caselle IPE



Silicon Strip Detector

Barrel
# 64 square sensors: 512 x 512 channel
# 184 rectangular sensors: 512 x 895 channels

Barrel #4 (26 staves)

Sensor

Carbon fiber support
Hybrid flex PCB

Cooling pipe

.

Barrel #3 (20 staves)

AT

Karlsruhe Institute of Technology

Disk

# 48 trapezoidal sensors: 768 channels
per side

MDC data conc. (ASIC)

Front-end (ASIC)

Disk #1 (24 modules)

Strategy: one MDC version for all detector modules shapes with intelligent power management of

no-active link and spares links

11
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MDC vs detector module shapes a ﬂ(IT

Karlsruhe Institute of Technology

The strategy is to keep the inactive readout channels as spare links. These can be used in case of
physical damage or if additional data throughput is needed due to an increase in local data events.

The employment of two MDC controllers (one per side) per each detector module

Module Position Number of #Channels Occupancy Additional
Shape ToASt links
Rectangular Barrel 7 (p side) + 512 x 895 (o]

7 (n-side) moderate
Square Barrel 4 (p side) + 512 x 512

4 (n-side)
Trapezoidal Disk 6 (p side) + 768 x 768

6 (n-side) moderate

12 MDC Review Meeting Dec. 11 (2024) M. Caselle IPE



MDC TOP module ﬁ QAT

MDC Internal arChIteCture CIOCk Karlsruhe Institute of Technology

© Double Data rate (transceivers), including the
TOP 8b/10b by Giulio Dellacasa (INFN-Turin)

Transparent debugging
/ =
(ool

sl Upstream
' (DataOut)
2x 320 Mb/s

ToASt

selection h Downstream

(Dataln)

Up to 8 ToASt
16 data links @
160 Mb/s

<

Clock 160MHz

Test Puls

Clo
LEF
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MDC (Module data Concentrator) ﬁ ﬂ(IT

Karlsruhe Institute of Technology

Reduced number of passive components

|

I B on detector module
I — ToASt Up to # 4 clock lines for clock distribution
I —  ToASt Tx_1Clk_160 Tx_O PonRSTbh
LT Tx_2 P 2x320Mis
| Clk_160 Data Out Upstream (DataOut)
I yl —  ToASt ——— Tx_3 ﬁ
o Sync_Rst
I ? Test Pulse CULY @ Clock LpGBT
) —  ToASt Jﬁ_iao
I____‘;’_)______ - Data In —— 1 stream (Dataln)
- — T*_5
|IIIIIIIIIIII: o e e e . / F /S
X
I - - - Al Test Pulse 'én;gujz
I — ToAst : : :
I Programmable polarity of differential
I = ToASt clock and input pin (P/N) connections

l_\
'
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MDC current version

Ch_4 (Rx)
Ch_5 (Rx)

Ch_6 (Rx)

Ch_7 (Rx)
Sync_Reset
Test_Pulse
Ch_8 (Rx)
Ch_9 (Rx)

Ch_10 (Rx)
Ch_11 (Rx)

15

Ch_2 (Rx) Ch_1 (RX)
Ch_3 (Rx) — Ch_0 (Rx)
VYV ¥V VYV VYV :
i
=] =
> Input channel FIFO .
> i £
f"‘ K("
—— ;
< Il L=
<5 T <
> == inFIFO =
>0 i
15 EE — —
= w ' E
= :;
i< Input channel FIFO bt
> a‘g fm&:’ R R S T S T T, ’i
O 0 e A 3 i B
AL AL AL AL vy
Ch_12 (Rx) — ’ (. Ch_15(Rx)  Cfg Tx
Ch_13 (Rx) Ch_14 (Rx)

PonRstb

e-link upstream
(Tx) outputs

Clk_LpGBT

e-link downlink
(RX)

Cfg_Rx

ﬁ Karlsruhe Institute of Technology

Die size of 3.38 x 3.38 mm?
Low-power CMOS technology

Double Data rate (block), including the 8b/10b
conversion and fast serializer, capable to
operate up to 800 Mb/s

Estimated power (preliminary) of 66 mW at a
333 MHz clock toggle rate @ 1.2V

Area occupancy < 10 % for the logic

The submission of the ASIC is booked
for March (2025) in 110 nm CMOS

IPE



Expected occupancy @ ﬂ(IT

Karlsruhe Institute of Technology

MVD internal note:

S High luminosity scenario: 2 107 interaction/s is expected the
countspeyseeond - maximum count rate sensor (module) 4.8 Mcps in the hot region,
factor of 1.6 cnt/hit, which considers an induced charge sharing
between neighbouring channels (from TDR)

Occupancy count rate (worse case for forward module) Mhit/s /
foag = 4.8 Mcps / 39 kfls = < 124 cnt/frame

Equivalent to a data rate of < 155 Mb/s

The MDC has been designed to support a maximum data rate of =
640 Mb/s * 8/10 (encoding) = 512 Mb/s (two outputs), or 320 Mb/s
STl Ubk * 8/10 = 256 Mb/s (one output)

It enhances flexibility in designing future detector modules, enabling operation under high-occupancy
conditions. This capability is particularly beneficial for large-area hadron-beam therapy and for deploying
microstrip detectors in AMBER experiments at CERN's SPS facility.

16 MDC Review Meeting Dec. 11 (2024) M. Caselle IPE
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MDC Core logic ﬁ ﬂ(IT

Karlsruhe Institute of Technology

Readout channel

Number of serial link/chip fully programmable by

SERDES EEEp [ — 2 - . .
: = N Y configuration
Up to 16 hlgh-speed Control FIFO Readout
serial data links FSM align

SN — Front-End interface  nmmm—)
LS — Front-End interface ~ M—) =
Front-end :t Front-End interface  n—) Main I/F: ; t‘?’
—J—— 16 channels ‘ FIFO - e -
Front-End interface 32x 256 Upstream PG
Front-end :t Iogic (Dataout)
Front-End interface cmd, conf, status 2x 320 Mb/s
= fotend readback {
Front-end :t Cmd, configuration e-link Clock
Front-end configuration & Downstream
(R Global Registers logic Rownstream
e =
TSt PUISE | —0 st
Sensor and front-end DC ASIC architecture E/O link interface

18 MDC Review Meeting Dec. 11 (2024) M. Caselle IPE




MDC/ToASt reset and initialization ﬁ ﬂ(IT

Karlsruhe Institute of Technology

PonRST: only to reset and initialize the reset logic

TOASt \Y/1D]®

nDCThH |

ppsnoTh | FonSTh, AM- Voo
‘\/\/\/\ JD PonRSTb

Reset FSM

ToASt Sync_ RST

- Sync_RST

A

| | l Timestamp_reset

. MDC_Re
Readout logic <—

ToASt _ Reset & MDC_Reset
automatically sent after Power-on

Reset/Sync cmds

Configuration MPC_C
logic

From counting

room

19
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MDC - Front-End Interface

Front-End interface  n—)

i

20 MDC Review Meeting Dec. 11 (2024) M. Caselle
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Upstream Link O
(cmd, cfg, status)

2x 320 Mb/s

Clock

Downstream
(Dataln)

IPE



Readout channel ﬁ ﬂ(IT

Karlsruhe Institute of Technology

Features:

FE Auto-detection/negotiation of active data links,

training patter fully programmable

FSM
Readout

Front-end
No-active links are kept in low-power mode

SLVS input Density <50 %

FIFO by low-leakage transistor, Faraday memory
generator

Estimated power of 0.8 mW @ 1.2V

Layout of a readout channel in 110nm \

without triplication logic ;
( P gic) Internal bus interface

21 MDC Review Meeting Dec. 11 (2024) M. Caselle IPE



Readout channel ﬁ ﬂ(IT

Karlsruhe Institute of Technology

FIFO channel:
Width: 32-bit, Depth: 64
"Almost Full" threshold set at 56 entries
"Full" threshold set at 60 entries

Capacity: Sized at twice the capacity of the

FE = SERDEs@ @ ToASt event FIFO

Front-end

FSM align

FSM_READ:
Transfer the event temporarily stored in
the channel FIFO to the MUX logic

FSM_CH:

Checks the incoming ToASt packets (HEADER->SYNC->DATA->TRAILER)
Save the data in the channel FIFO

Channel negotiation and lock logic
Training patter (configurable by register)

Channel LOCK _
Provides the number of data words present (frame)
22
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Readout channel — FSM-channel ﬂ(IT

Karlsruhe Institute of Technology

Reset
0

FSM CH idle
ToAST HEADER 3
received
- Loy HEAD_DATA
SYNC> 2
F E DATA> | FIFO_FULL
TRAILER ‘.\
packets
- TO Y/ UX ERROR \ ERROR FIFO
- \ FULL 4
F rO n t_ e n d Lg:DsEegfgi'eNC-)DATA-)TRAALER are wrong !
________ Provides DATA_COUNT_tmp counts the number of data
_‘_‘ Soo oS DT CITm=—— o __ received in one frame (between HEADER and TRAILER)
______ N ----2IZ5 -________>
Status CH
22 21 20 19 18 17 16 15 14 13 12 1110 9 8 76 5 43 2 1 0

COUNT_FIFO_FULL _ COUNT_DATA_CNT_ERROR COUNT_ERRORS  FIFO_FULL _

COUNT_FIFO_FULL: Tracks the number of occurrences where the FIFO reaches a FULL state

COUNT_DATA_CNT_ERROR: Records the instances where the number of data words differs from the count specified in

the ToASt trailer field
COUNT_ERRORS: Counts the occurrences where HEADER->SYNC->DATA_TRAILER packets are not correctly formatted
or processed Logic tested during beam tests

23 MDC Review Meeting Dec. 11 (2024) M. Caselle IPE



Readout channel — FSM-channel

5

AT

Karlsruhe Institute of Technology

@ HIC_CORE
W HDC_ID[9: 'h 24F 24F
Readout Command W c 'h 010 oo jlozo
T 71 h 00 00
i ° Frame = 25.6 Us
T 1 re wooo e NUumber of count from
T F1 h 0000 0000
- FIFO_RER *h 0000 oo TOAST (Occupancy) 3588880808880 00 fooo0 (100000000
[ READOUT_CHANNEL
B Loct 1
-4 Datalut_32[31:0] 'h occcecer iy {
e DATA_COUNT_tmp(7:0) 'd 0 0 15 13
HEADER/DATA/TRAILER are & . urite_tatafirorst:o) *h 00000000 00000000 Tor THT Tor | Toooooo0o §{ Jifooor |} {Tooor Jor foooor Jfooor fooooor | IFT IHHI for foooo0aoo Yoo
stored & UR_FIFO o | |
- M COUNT_DATA_CNT_ERROR[3:0]  fI*h 0 0 A
- M@ COUNT_ERRORS(3:0] *h 0 0 i
- COUNT_FIFO_FULL[3:0] 'h 0 0 HEADER
M- o 0[31:0) *h 00000000 J00000000 Y 500E0000  500c0000
Data to MUX readout - : | . ,
)M Status_CH[22:0 "h 100001l - 1204000 | 203800
B B
-]

100 ns

M NT_ERRORS
M. ANT_FIFO_Fi
M 4d_Data_F1
ol Data_Valid

M Status_CH[2

[3:0] 'h x
ULL[3:0]

FO[31:0]

‘h x

h sooeon

0
0

TRAILER

o0000» froonRn26 Jco23F23F  [ro240240 0241241 0242242 (0243243 JC0244244 (00245245 00246246 | C0247247 0248248 |C0245243  JCO24A24A | CO24B24B | CO24C24C | S00EQ000

' ToASt header chip add= 0x0

IPE




MDC - Configuration Registers a ﬂ(IT

Karlsruhe Institute of Technology

Front-End interface

Upstream Link O
(cmd, cfg, status)

cmd, conf, status 2X 320 Mb/s
readback

Cmd, configuration-l Clock
Front-end configuration
= . Downstream
Global Registers
o ©atin

Sensor and front-end DC ASIC architecture E/O link interface

25 MDC Review Meeting Dec. 11 (2024) M. Caselle IPE



MDC - Configuration Registers ﬁ ﬂ(IT

Karlsruhe Institute of Technology

Register Read/Write Register global Description
access address
MDC_ID R/W 0x00 Detector module address (ID)
MDC Command R/W 0x01 Commands from off-detectors (see next slides)
FIFO_FULL_COUNTS R 0x02 Number of times that the Main fifo is fully (automatically sent to off-det.)
MDC Status 1 R 0x03 Status 1 (see next slides)
Number of Test Pulse R/W 0x04 Number of test pulse SET
Test Pulse delay (6.25 ns steps) R/W 0x05 Delay and polarization Test pulse
Number of Test Pulse acquisition acquired R 0x06 Number of test pusle acquired
ToASt_Configuration R/W 0x07 ToASt configuration instruction
ToASt_Configuration_ReadBack R 0x08 ReadBack the configuration DATA
ToASt_Configuration FSM status R 0x09 Status 4 (see next slides)
Status channel 0 R (000) Status_CH_O (see next slide} STATUS_CH)
Status channel 1 R 0x0B (see sheet STATUS_CH)
Status channel 2 R 0x0C (see sheet STATUS_CH) See previous slide
Status channel 14 R 0x18 (see sheet STATUS_CH)
Status channel 15 R 0x19 (see sheet STATUS_CH)
TX_Out_inv_settings R/W 0x1A Data links inversion
CfgRX_TX_settings R/W 0x1B Cfg_TX output current control, Cfg_TX inversion and Cfg_RX inversion
Upstream LpGBT current control, Upstream GBT inversion, Downlink
GBT_CLK_settings R/W 0x1C inversion, clock_out current control and clock_out inversion
SYNC_PATTERN (MSB) R/W 0x1D . .
Programmable training pattern
SYNC_PATTERN (LSB) R/W OX1E




MDC — Command/Status Registers ﬁ ﬂ(IT

Karlsruhe Institute of Technology

MDC Command (ADD =x01)

111
54321 10

CR 7 6 5 4 3 2
Future cmd (not used) czai:t :r(;?isc:n Start Test Start Prepare MDC CFG | Time stamp ToAST reset
se qgu ence Pulse | READOUT | acquisition| logic RESET (short sync reset)

1

0
Global Reset TOAST
(long sync reset)

MDC Configuration Register & configuration logic RESET

Timestamp reset (ToASt and MDC, time event sync)

ToASt (long reset / full reset)

MDC, FIFOs, readout FSMs reset (no MDC Configuration Register )
Same definition of beam test system

27 MDC Review Meeting Dec. 11 (2024) M. Caselle

IPE



MDC — Command/Status Registers ﬁ ﬂ(IT

Karlsruhe Institute of Technology

MDC Command (ADD =x01)

1111
54321 10

9 8 7 6 5 4 3 2 1 0
Futurelemd {notiused) czt'naf:t:;?isc:n Start Test Start Prepare MDC CFG | Time stamp ToAST reset | Global Reset TOAST
g Pulse | READOUT |acquisition| logic RESET (short sync reset) (long sync reset)
sequence
A A ? T

| To check if all FSMs and FIFOs are in ready for acquisition

— Start readout of the ToASt (data move from ToASt -> counting room)

— Start test pulse / calibration sequence (like beam test)

S Upon receiving the ToASt instruction sequences, this command initiates
the ToASt configuration process

Same definition of beam test system

28 MDC Review Meeting Dec. 11 (2024) M. Caselle IPE



MDC — Command/Status Registers ﬁ ﬂ(IT

Karlsruhe Institute of Technology

STATUS 1: 16 bits channel locked (active high)

Status 1 (channels looked)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 q
Channel 15 Channel 14 Channel 13 Channel 12 locked Channel 11 |Channel 10 |Channel9 |Channel 8 hannel 7 [Channel 6 |Channel 5 [Channel4 |Channel 3 hannel 2 |Channel 1 |Channel 0
locked locked locked locked locked locked locked locked locked locked locked locked locked locked locked

STATUS_CH, 16 status channel registers (one per each channel)

Status CH

22 21 20 19 18 17 16 15 14 13 12 1110 9 8 76 5 43 2 1

Status CFG ToASt Configuration
15 14 13 12 11 10 9 8 7 6 5 4 3 2 10

ReadBack_FIFO_empty ReadBack_FIFO_full sync_FIFO_full sync_FIFO_empty

29 MDC Review Meeting Dec. 11 (2024) M. Caselle IPE



MDC - Configuration Registers ﬁ ﬂ(IT

Karlsruhe Institute of Technology

Front-End interface
'Q@@@Z/ ool
v/ J

Upstream Link O
(cmd, cfg, status)

cmd, conf, status 2X 320 Mb/s
readback

Cmd, configuration " Clock
Front-end configuration
Global I?e isters ¥ | Downstream
comnaresnie g ©atain

Sensor and front-end DC ASIC architecture E/O link interface
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Commands & configurations logic ﬂ(IT

Karlsruhe Institute of Technology

Bit error on cmd and/or config Counting room

' ; : (Real-time)
((.‘oment‘ato‘) ' : IE
i Downlink (controlg Ng) ]
: y— 5 :
e-links ! Q ‘ '
ToASt s | S w1 ;
ToASt ; optical link  ypjink (data) : Com pute
TOASt Concentrator) COp per. E E E N d
| : g ode

Long distance
CONF
DATABASE

Without well-designed and robust configuration logic, the detector may produce not consistent data
and/or serious consequences in the functionality

On-line

FPGA

MDC Review Meeting Dec. 11 (2024) M. Caselle IPE



] . - Chip_ Select

Commands and configuration logic )
Register select (ch/glob)
Register write (conf data) 2)%

o R WNPE

Chip Deselect

User registers i HIFel ClHE I ) 2 Noemanie)
CFG Sequence to ToASt |
ADD 0x7 — FSM pr—— Start ToASt
ADD 0x8 — : ;
: Readback if errors Sgalljfeglie configuration sequence
I Direct ToOASt configuration check
— —— E=—
_ Automatic | ==
Ve ~ Up to 16 instruction can be stored b
e BN check |
4 N\ To counting room
// \ SERIAL OUT via upstream link O
Cfg_TX FSM_SHIFT The CFG data is compared
ToASt - with the readback value, and
\ in the event of discrepancies,
it is automatically rewritten,
\\\ Cfg_RX ChaRy int FSM_RX_CFG DATA_RX_CFG with up to 6 rewrite attempts
gRx_int_reg

32 VIDC Review Meeling Dec. 11 (2024) M. Caselle IPE



Commands and configuration logic 6 ﬂ(IT

Karlsruhe Institute of Technology

(Chl - Sond, ol 45 k| 50 s i : 0'37573,378, 064,00 Ll R b S
B) :
Fr|TineA-TineB=-3174,507473362us Baseline = 54,34132698%s 1 1 1
— _Total configuration time of ~ 3 ms T
] Eiwwlm cer(zz:0] [hocaoooo N TEIETETE TN OT O O L A NI T T TIAN 10020
| = e o
I 4 Doun 1rk_GBT_p 1 I
| 0 AAEEA R0 LA L0 0 AL 0 A [l
| i M Crofx p(7:0] ha 1] e T O U
| crghepl7) Canﬂgur ation of ——><—ll—— T
| Global - il /' LTI
pba Regﬁler—uh % A
L ) S
: S iII — LTI
=0 : Al LR .
o —u—ilLs AL AL
' _—
: H .y Iﬁ—MLJUIMUIIJIUIUIUMLu
I ‘ 0 \ A i I W DA Il | | WL WA A
~fik TestPulse_p 0 "1~ !
- Channel Register
[5_] - N - (for every ToASt)
I;]‘-}L:n;'-:d\:?:l‘ ‘h 000 T:m:’u:n"s][ﬂu:]ﬂ:ﬂ[l’f [ o T T T T | oo
Eiﬁil‘fﬁ;ﬁtalm[l&ﬂ]l ‘h 6000 "‘ "'l”'l'li” 0 10000 000000000 0 00000 0 0 000 000 0000 001010 010 01000000 000 1 000 0 O

[ Urite_Data_CFG_valid)

i

=l start_CFG_seq 0 I I I I n ini -
N P O T U TTY 1T FECRIUBIFIIE v vmms w00 0 00 000 00 0w e m R e
R IR CAGTURl CCO T (L4448 044884 0§ 9% 8 1 oo 00 000 10000 0 0 0 0000 0 0 00 0 O O T OO O 10 e )
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MDC - Configuration Registers ﬁ ﬂ(IT

Karlsruhe Institute of Technology

Front-End interface

Upstream Link O
(cmd, cfg, status)

cmd, conf, status 2% 320 Mb/s
readback
et Cmd, configuration | Clock
Front-end configuration &
Global Registers I | DIOETETERIT
Sensor and front-end DC ASIC architecture E/O link interface
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al

On-detector calibration logic

a Karlsruhe Institute of Technology

A fully programmable test pulse sequence to speed up the S-curve characterizations and front-end test

User registers

ADD 0x4
ADD 0x5

ADD 0x6

ToASt

Test_pulse

—

TP settings (hnum. TP, polarization, TP delay)

> Test Pulse
Sequence

Number of TP acquired
FSM

Test Pulse signal fully sync with the MDC trailer

=

SERIAL_OUT

Start TP
sequence

To counting room via

— upstream link 0/1

MDC Review Meeting Dec. 11 (2024) M. Caselle
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Test Pulse ﬁ ﬂ(IT

Karlsruhe Institute of Technology

S W Num. TP set
Command s coros: h 040 o Joio / : - —
Test Pulse settings v P / Polarity: 8> active onrisingedge
-4 test_pulse_dly[15:0]f *h 8005 8000 8005
Nun. TP =255 @ o .. A
Active on rising edge [~ eble.tPreadoue o
W {cquired_by_TP(7:0] Jf'd 255 o il 256
7 ; 0
iy « ] :0‘.\00 Trrr [ [ Tt [ [ 101 L Frrr 111 [ IR 0000
. « 'h 00 00
by i FIFO FULL flags Num. TP acquired
Wi « ‘h 0000 0000
T « ‘h 0000 0000
=
=
2]
W LOCk 1
W Datalut_32[31: ‘h OCCCCCCF ']].Iu.:‘:::'::. f ) ] | ] | i
Occupancy/ link—=——p== |»

Test Conditions: 8 ToASt chips with 2 data links enabled, MDC configured with 2 data links enabled

Results: The MDC demonstrated the capability to sustain continuous occupancy exceeding 50% per
ToASt chip
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Test Pulse

AT

Karlsruhe Institute of Technology

5

@ HIC_CORE
A HDC_ID[9:0] ‘h 24F 24F Num TP Set
Command W Control [8: 'h 040 000 040 /
- r— . p—
Test PUISe Settings = «.o v iweo [z fioo 12 / Polarity:"8"=> active ofrising edge
- test_pulse_dly[15:0]f 'h 8005 Boo0 | 8005
Nun. TP =255 = 7= =
Active on rising edge | [ ebtePreon o L[
W tcquired_by_TP(7:0] 'd 255 o |’ il il 256
B Test_Pulse 0 1 | DA LD BE LA !
T ¢ ‘hoooo  Joooo Y I N 0000
ST 'h 00 o <7
e (0_FULL pair o FIFO FULL flags Num.-TP acqu"'ed
T 40 f *h 0000/ Joooo ~
e <0 *h 0o = - i
— =
e -l 4r_of _TP_frame(7:0) |'d 295
B Lock 1 -l test_pulse_dly[15:0]'h B00S 005
) ) : < ensble_TP 1 i
. Mg Datalut_32(31: hoed | o L (#1114
Occupancy/ link—==—=—F7] . ».- :
0 M te_Data FIFO[31:0] B'h 00d s % o000
a8
a
]
L 1
- h saucoco0 RO N HOICON O I m&m 1 D cc |
™ 4 15 ; -
& RFIFO o (i 1 11 (0L
B M 4ATA_CNT_ERROR[3:0] I*h 0
B COUNT_ERRORS(3:0] h O
@M COUNT_FIFO_FULL(3:0] 'k
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On-detector calibration logic ﬁ ﬂ(IT

Karlsruhe Institute of Technology

Precisely calibrate the Time of Arrival (ToA) for all TOASt chips using a highly accurate reference

Verify that all TOASt chips are properly synchronized in timing

= trailer
trailer

Test pulse Test pulse

a-:ua!”i.’euiﬂ

I @ 8 4 @ =
poaeeorliBag e gagy

TP delay set to = 5,
TP delay set to = 511,
equivalent to TP delay = 0.05 us _
equivalent to TP delay = 3.213 us

TP delay step of 6.25 ns - see next slides for ToA testing in the continuous integration setup
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MDC - Main readout unit ﬂ(IT

Karlsruhe Institute of Technology

/ A

Main (ool
FIFO

Upstream Link O

32 x 256
(cmd, cfg, status)
2x 320 Mb/s

Clock

Downstream
(Dataln)

Sensor and front-end DC ASIC architecture E/O link interface
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MDC - Main readout unit ﬁ ﬂ(IT

Karlsruhe Institute of Technology

A READY flag is asserted as soon as data becomes available in the FIFO channel
Channels are read out sequentially in the order: chO — ch1 — ch2 — ... —» ch15

Channels that are not locked or not present are automatically skipped Fixed occupancy: close to
N ToASt frame = 25.6 s — 50 % per ToASt, readout of
s e num. 8 TOASts.

Add. margin of

= i 4.3 s

- 1 S Channel ready for readout
An additional delay is
introduced  between  the
~ o ~ readout of two consecutive
I ;11 o i Yoo Fo o o o o R Lo Lo o e R B Fos Lokt channels to prevent the
*'I- 'd 0 Zo e E- B- - Bo W B - B - - W W W k- B> | (O O FIFO fUII Condition

MEeelung vec. 11 \EGL‘}) ﬁﬁm — IPE



MDC — Stress testing

41

AT

Karlsruhe Institute of Technology

5

Number of 20 cnt per link & equivalent to a TOASt occupancy of 62.5%, with 8 ToASt (supermodule)

data rate of =40 * 8 * 32 * 39 kpfs = 400 Mb/s

£
M. 1)
1Ml 4te_Data_FIFO[31:0]
B UR_FIFD
1M 4ATA_CNT_ERROR([3:0]
WM COUNT_ERRORS[3:0]
)M COUNT_FIFO_FULL3:0]
My P
o Data_\
W Status_CH[22:0]
M. |ocke
M FIFO_REAT
W CHIP_ID(4
M FSH_DATA_READ[5:0]
Wy data_valid[15:
1M 4te_Data_FIFO[31:0]
& R_FIFO
M £if
T
&
M «_FULL_CH
My 4_FULL[15:0)
s}

'h OCCCCCCF
'd 21

'h 00000000
0

‘h o

'h o

gho

1§ 'h 50140000

0
'h 205800

1§ 'h FFFF

'h FF80
'd7

‘h 11

‘h 0000

*h 00000000

'd 9
‘h 00

:0] §'h 0000

'h 0000

FC» [ F8» [FOr |EOP [CO» [BOP | 0000

10 1 1z f13 [14 [15 Jo

Frv (Fee [FF> [FFr (PP (FPe (FPe [(FP> [FED [FC» [Fer [For JEor Cov [Bor 0000
1 fz f3 4 Y5 e 7 Ye s Jwo Ju (12 (13 14 [15 [0

i 0or J{ oor 1 oor }f 0o 1 0or [ 0or J{ 0000

7 Yas W W W WE Wor Yo Wor os Wom Yon Wor Wi o W Wm Nms W Yo M Ym or

1 00» J oor Jf oow 1 oov J 00

OCCLLLCF 0 occeecey i occeceer
21
50606960 TR 00000000
(LI
o
o
o
50140000 Y 50140000 Y 50140000
| I
205800 }( 205800 1 205800
FFFF

Fre FF> [Fer [FFr (FPe (FFr [FRY (P> FEP [FOr [FBY |F
1 f2 (3 Ja U5 6 7 J8 s J1o f1u1 [1
05 o7 Yoo o Yoo Yor fif1a W13 Y15 a7 Yas )

oor J{ oox 1 0ox 1 0or i oo» Y 0ow J or i oow 00w} oo» J 0w i ¢

| |
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MDC - Main readout unit ﬁ ﬂ(IT

Karlsruhe Institute of Technology

ToASt occupancy of 30%, only 7 ToOASt with one link activated

L] 'h occoeeek focceecek ooooeoooooeooooc0ocperr——————————————————— o

L] NT_twp[7:0] 'd 0 21

T 4te_Data_FIFO[31:0] |*h 00000000 §00000000 ! $iit

& WR_FIFO 0 (111 (1111 |

T 4ATA_CNT_ERROR[3:0] |'h 0 o

T COUNT_ERRORS[3:01  'h o 0

T COUNT_FIFO_FULL[3:0]]'h 0 0

T Read_Data FIFO[31:018"h 00000000 50140000 ¥ 50140000 ¥ 50140

TR I L

b Status CH(22:0] 'h 100001 205800 1l 205800 I 205800

L 15:0]§"'h 1555 1555

& R 15:0) ‘h 0000 0000 1554 [1550 [1540 J1500 (1400 1000 | 0000 1554
o > 12 14 s Is J10 12 Jo | EID

T FSH_DATA_READIS:0] °h o1 o1 / “ Wor Won Wor 13 Wr M Jo J{o7

T data_valid[15:0)  [|*h 0000 0000 10000 11 0000 1 0000 }{{ 0000 | 0000 }{ 0000 10000 0000

s <te_Data_FIFO[31:0] |'h 00000000 00000000 | §ooor Jooor Fooor ooor Jooor Fooor foooooooo Jooor |

B WR_FIFO 0 | |

. ter[7: do o iy oy oo i@ voni g g i

T F NT[7:0] J'h 00 00

= o |

T 4 'h 0000 0000

Channels that are not present are automatically skipped, with only Link O of the ToASts being read out
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MDC - Main readout unit 6 ﬂ(IT

Karlsruhe Institute of Technology

ToASt occupancy of 60%, 6 ToASt, two links per ToASt activated

te_Data_FIFO[31:0] [|'h 00000000 J00000000 PR
R_FIFO 0 ULEIELLLERERRILLD
4ATA_CNT_ERROR[3:0] f§*h 0 o
OUNT_ERRORS[3:0] 'k 0 o
OUNT_FIFO_FULL[3:0]§'h 0 0
d_Data_FIFO31:01*h 50140000 50140000 ¥ 50140000 ) E
id_FIF 0 ﬂ ﬂ
tatus_CH[22:0] 'h 205800 205800 i 205800 }{ 205800
Ik oFFF OFFF
h OFFE 0000 Worr or» (oFr [oFr JoFr or» J[or» [[oF> Joer oc» [oar 0000 Worr Y orr oF» [or» or> or» [or» [[or» [oer [ocr [og» ) 0000
[4: d1 fo t fz 3 Y4 5 e 7 Yo s 1o 1 Jo 1 J2 3 J4 Y5 Y& J7 J@ s 1o fu Jo
I_DATA_READ[5:0] JI'h 06 o1 $os Yo7 Ylos Jow Yoo Yor Y11 Y13 Y15 17 Wi Ho {05 Woz Mos Wor Yoo Wor War W1z W15 W17 Y13 Wor
alid15:01  ff'h o002 0000 oo J'oo» J'oor J{ 0or J{ 0or 0o i 0o } 0o» J 00w | 0or ) 0or } 0000 J{oar }{ 0o» J{ 0o» { 0o» 1 0o J{ 00r ) 0o § 0or J 0or i 0or J 0or J 0000
ite_Data_FIFO[31:0] §'h COBIFEIF 00000000 oo §oor Foor Foor Foor Joor Joor §oor Foor Foor Foor Foooooooo oor §oor Foor Foor Joor Foor Foor Foor Foor Foor Foor Poooooooo
R_FIFO 1 L <S— U |
ounter(7:0) 1'd 2 ne 1 1 11 10 010 301 \ O 00 0 0 1 1 B
'h 00 00
o \
L_CH_reg[15:0] §'h 0000 0000 \
[15:0] h 0000 0000 l

Large margin for further optimization or performance enhancements
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MDC - Configuration Registers ﬂ(IT

Karlsruhe Institute of Technology

Upstream Link O
(cmd, cfg, status)

2x 320 Mb/s

e-link
Upstream

Clock

Downstream
(Dataln)

e-link

ownstream

Sensor and front-end DC ASIC architecture E/O link interface
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MDC (Module data Concentrator)

In case of high data occupancy, data are
evenly distributed across both links, as
illustrated below

In case of small amount of data, data are
transmitted through link 0, avoiding the need
to duplicate header and trailer packets

Capable of sustaining a very high occupancy
rate

& DAD_MME e~ a1
4 [0_RESET o MDC header
il ClockIn_GBT_p
(B Upstrean_GET_1_p

-l Upstream_GBT_2_p

o =

T A A TR AT A A AT AT
LML

=]

Q0L RN AW R

‘h Co28F28F ROCCCCCCF
‘h AOCARAZC ROCCCCCCF

]
T
R
)

T T AT A A AT RN AT A1
R AL A LA NN VLA ARV

ADOAAP J CO274¥ | CO276F | CO278F | CO27AP | CO27CP | CO27EP | CO280F | CO282F | CO284F | CO28EF | CO288F | CO28AN 501?0"900%’ | CO274¥ | CO276P | CO278P | CO27AP | CO27CH :EOE?E’ CUZBU': C0282¢ | CO284)

AAROOO T RO0ARP | CO275F | CO277F | CO273% | COZTBY | COZ7DF | CO27FP | COZE1P | CO283* | CO265F | CO2E7* | CO283 501?0’4!&00“»’-‘0 | CO275% | CO277% | CO279% | COZ7BM | CO27D¥ | CO27F» :EOZBD C0283" | C0285P | L0287

] IlllIIIIIIIIIIIIIIIIIIIIIIII1
|

ﬁ Karlsruhe Institute of Technology

Developed by Giulio Dellacasa

e-link upstream Double .:n;
logic Data Rate

Viain (INFN
FIFO ‘ Turm) Upstream
32 x256 (DataOut)
Double
Da:; ::te 2x 320 Mb/s
D|st|r)|i)tjt|on Turin) I (0I0D)

Developed by Francesca & Michele

UL O AT LA VAR T ATy
LAY AL WCAFA RS AR NN AAF AT

IlllllllllllllIllllllllllllllyllllllllllllllllllllllllIIIIIIIIIIII
40
U

ToASt header chip add= 0x1

45 ToASt header chip add= 0x0
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Comparison w/wo faraday memories

PANDA CM 2024 1
SR EE ;’7&; @.{

@@HBHHE

res = — ¥
gwnMemorles bas don std cell E

Estimated power consumption: 165 mW @ 1.2V
Density: 40%

47
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Current design

ol AR SaE S i & Shls L dtke
el

e g *‘-‘v::’; i‘
=t Low—Leakage —IFO (Faraday)

R hak

Estimated power (preliminary): 66.64 mW @ 1.2V X 2.5
Density: <10 %

IPE



Timing verification ﬁ ﬂ(IT

Karlsruhe Institute of Technology

@m(aselle@lpea i fPANDA/innovus/reports/MDC_TOP_DDR/timeDesign ""' case asicl:~/! DA/ wus/reports/MDC_TOP_DDR/timeDesign

time design Summary time_design Summary

Setup mode 1 default S( Etu p Hold mode all reg2reg

W (ns) : 0.026 0.000 WA
INS (ns): 0.000 0.000 D
Violating Paths: 0 0 0 b Violating b
Paths: 14769 7 0 1
av_normal typ 2.296 2.296 0.000 av_normal typ
- - 0.000 0.000 0.000 - -
0 0 o
14769 0 0
av_normal max 0.026 0.000 av_normal_min 0
- a 0.000 0.000 B a 0
0 ( 0 (
14769 14768 0 14769 14769 (
av_normal min 3.660 3.660 0.000 av_normal pwr
B B 000 000 0.000 - N
0 0 0
14769 14769 o
av_normal pwr 0.000 av_normal max
- - 0.000 - B
(
(
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Internal clock tree distribution

ﬁ Karlsruhe Institute of Technology

ree Debugger : dc_typ —

O
fisibility Colorby Help

cadence

< Y
¥ ¥
20 . - = - ¥
TTYT977 TyreToyyy . v Clock propagated to final logic
¥ ¥ty . . q
el dsataaadhaddiMN S node “load” with a limited time
40 b= ¥
vy Y97 7F
I '?'?TVVV? SkeW
I K
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Integration and test of
MDC deployed on FPGA
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MDC qualification & test ﬁ ﬂ(IT

Karlsruhe Institute of Technology

Complete Readout Chain: All main HW components integrated: ToASt chips (w/wo sensors), MDC

(FPGA-based), LpGBT and VTRx+ , off-detector card (ZCU102 emulating AMC cards)

Preliminary FPGA firmware implemented on the off-detector system

Software & low-level drivers deployed on PetalLinux (FPGA-ZYNQ platform)

on HighFlex1 card

MPO Breakout Cassettes

. MPO-MPO (Multiple-Fiber Push-on/Pull-off)

PhD of Olena Manzhura
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MDC qualification & test

Detector
module 2
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MDC qualification & test ﬁ ﬂ(IT

53

Karlsruhe Institute of Technology

Objective: Measure the data occupancy that the MDC can handle using real TOASt chips connected to
the MDC-FPGA implementation (same Verilog source) and read out via LpGBT.

Test Setup: Two ToASt chips configured in a small-detector module setup, four links operating in
parallel.

Method: Inject test pulses across all channels on both ToASt chips at 100% occupancy, each ToASt
chip operates with two active links operating at their maximum frame rate of 39.06 kfps

Num. (zf ToASt  Framerate
"
Data generated is = 64 x 2 x 32 x 39 kfps ~ 160 Mb/s

/ \ This corresponds to the maximum
Channels/ToASt 32 bit/data data rate of 155 Mb/s expected for the
hot module in a high-luminosity
scenario, handling 2 x 107 events

MDC Review Meeting Dec. 11 (2024) M. Caselle IPE
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MDC gualtiication & to

@)

a Karlsruhe Institute of Technology

No data loss was detected
across all test pulse
sequences.

Test pulse sequences were repeated several hundred times

The plots are consistent and
identical for every sequence.

S
=
[
i
ps

Achieved a sustained data
rate of approximately 160
Mbl/s.

Courtesy: Olena

The MDC architecture, connected to the LpGBT, can sustain a data rate equivalent to that expected
from the hot detector module in a high-luminosity scenario
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MDC qualification & test ﬂ(IT

Karlsruhe Institute of Technology

Test pulse sequences were repeated several hundred times Courtesy: Olena

TP delay set to 20

TP delay setto 5 > ToA of ~ 65 cnt TP delay setto 5 - ToA of ~ 90 cnt
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MDC qualification & test ﬁ ﬂ(IT

Karlsruhe Institute of Technology

Test pulse sequences were repeated several hundred times Courtesy: Olena

TP delay set to 50

TP delay setto 5 > ToA of ~ 65 cnt TP delay set to 50 - ToA of ~ 140 cnt
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MDC qualification & test ﬁ ﬂ(IT

Karlsruhe Institute of Technology

Test pulse sequences were repeated several hundred times Courtesy: Olena

TP delay set to 200

TP delay setto 5

TP delay setto 5 > ToA of ~ 65 cnt TP delay set to 200 - ToA of ~ 570 cnt
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MDC qualification & test ﬁ ﬂ(IT

Karlsruhe Institute of Technology

Test pulse sequences were repeated several hundred times Courtesy: Olena

TP delay set to 500

TP delay setto 5 > ToA of ~ 65 cnt TP delay set to 500 - ToA of ~ 1340 cnt
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Conclusions ﬁ ﬂ(IT

59

Karlsruhe Institute of Technology

Simulation: MDC sustains 62.5% occupancy per ToASt, with 8 activated ToASts and two links
each (data rate > 400 Mb/s)

Performance: The MDC-FPGA, integrated with ToASt, has demonstrated its ability to operate at
over 160 Mb/s, matching the maximum data rate required under high-luminosity conditions in the+=
hot-detector region at PANDA

{f;‘,{l -

Versatility: MDC has applications beyond PANDA, suitable for various experiments.

ASIC implementation: The ASIC version is fully routed with no timing violations and low power
consumption s

Next Steps: A verification with ToOASt/Gianni is needed before submission, planned for March
2025
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Thank you for your attention
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MDC — Command/Status Registers ﬁ ﬂ(IT

Karlsruhe Institute of Technology

Status CH_OR

22 21 20 19 18 17 16 15 14 13 12 1110 9 8 76 5 43 2 1

COUNT_FIFO_FULL _ COUNT_DATA_CNT_ERROR COUNT_ERRORS  FIFO_FULL

COUNT_FIFO_FULL: Tracks the number of occurrences

Rega where the FIFO reaches a FULL state
'dl'e COUNT_DATA_CNT_ERROR: Records the instances
TOASTHEADER — & where the number of data words differs from the count
Checkggzg;%% HEADEDATA specified in the ToASt trailer field
TRAILER AIRCLIRTILE COUNT_ERRORS: Counts the occurrences where
R - ERROR FIFO HEADER->SYNC->DATA_TRAILER packets are not
3 FULLS correctly formatted or processed

If the sequence
HEADER->SYNC->DATA->TRAILER are wrong

=>» copy to MDC trailer, sent together the data
Provides DATA _COUNT _tmp counts the number of data
received in one frame (between HEADER and TRAILER)
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MDC/ToASt reset and initialization ﬁ ﬂ(IT

Karlsruhe Institute of Technology

PonRST: only to reset and initialize the reset logic

& HIC_CORE
- Fip Control[8:0] h 100 (001 Jooo Yoo Yooz 000 (100 Y000 1» 000 Jo04 000
-]
=8 PonRsth

= Clock

Ml reset_timestamp
= wdc_reset_cmd

W reset_full

B HIC_PonRst

Bl © © © © o &~

PonRST is low (RC)
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Commands and configuration logic a ﬂ(IT

64

Karlsruhe Institute of Technology

Procedure like beam test setup

MDC receive the configuration sequences (readout back on the configuration commands, possible)
Configuration sequence checked by dedicated logic

Status_CFG [15:12] counts the number of wrong configuration sequences or commands

Configuration sequences, saved in FIFO, FIFO depth is . The large FIFO provides the possibility to
optimize the configuration of long sequences, multiple ToASt global/local registers in less time.

For every writing operation on global/local ToASt register, the automatically readback is performed
In case of errors the information is sent to the counting room

Broadcast or individual ToASt configuration operation are both implemented (like beam test setup)
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m _REAIY [ TRE

ol FIFO_READY[15]

i FIFO_READY[14]

' FIFO_READY[13]

4 FIFO_READY[12]

' FIFO_READY[11]

F FIFO_READY[10]

fF FIFO_READY[9]

fF FIFO_READY[8]

-4l FIFO_READY[7]

-+l FIFO_READY[E)

i FIFO_READY[S]

o FIFO_READY[4]

+ FIFO_READY[3)

il FIFO_READY[2]

0 FIFO_READY[1]

| ol FIFO_READYLO)
"l'i CHIP_ID[4:0]

G-l FSH_DATA_READ[S:0]

WMl data_valid[15:

WM. te_Data_FIFO[31:0]

B WR_FIFO

{19l Fifo_counter[7:0

65

[ e L.

‘d 0

'hool

"h 0000

" 00000000
0

'do

L[
. E B3 3
Baseline = 3489,5162%us
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Detection of anomalies and errors 6 ﬂ(IT

Karlsruhe Institute of Technology

Several critical errors could compromise the detector readout, for example, SEU (MDC, ToASt), high
occupancy due to a significant number of fake or noisy channels, etc.

The goal is to develop a continuous readout mechanism capable of sending information of the
anomalies and errors to an off-detector location.

High-granularity detector recovery mechanism at level of off-detector
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