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Reminder: SPADIC 1.0 architecture and features

SPADIC 1.0 architecture overview

one channel:
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Reminder: SPADIC 1.0 architecture and features

Charge sensitive amplifier
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m h(t) x t/7-e”!'" (shaping time 7 = 80 ns)

m additional amplifier for negative polarity input selectable
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Reminder: SPADIC 1.0 architecture and features

8 pipelined stages

input current O—>{ x2 doubled residual current
L ~——using current storage cell

SN\

comparator DAC

result: —1, 0, +1

m current mode pipelined design
m resolution = 8 bits
m 25MHz sample rate, continuously running

m 9bit signed output (—256..255)
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Reminder: SPADIC 1.0 architecture and features

Digital signal processing
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multiply-add scaling & offset
with saturation logic

average quantization error [LSBs]

0 ~
m [IR filter with 4 first order stages ,P'_e

m 16 bit internal resolution .

[N

m 6 bit coefficients

m freely programmable (-33,...,+37) b
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Reminder: SP/ > 1.0 architecture and features

Digital signal processing

purpose: “ion tail” cancellation

shorten pulses — reduce pileup/improve hit detection
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architecture and features

Reminder: SPADIC 1.

Hit logic

neighbor trigger dual threshold
global trigger optional differential mode
timestamp, channel number,
ADC/DSP — > hit detector trigger type, etc.
l content of message words
/ identified by preamble
metadata generator — THEH
continuous stream
f 9 bit 1 - | T
?25 Mle)amp es message builder —>{| ||
d 16 bit output format ]
— atawrapper —>| g

9—15 bit format I snapshot of signal at trigger time

(2 bit selectio@ (up to 32 samples according to mask)
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Reminder: SPADIC 1.0 architecture and features

Selection mask examples

r message data (hex)

e 801F

T1TT1 T 9082
192 AEEF
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128 3FDF

A 23E1 b 13 samples contained

o4 007E
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3FCA & 7 samples contained
64] 404F
4200
B1D0O
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— allows tradeoff between quality of signal reconstruction
and data volume
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Reminder: SP/ > 1.0 architecture and fea

Message size (selection mask)

9xn, +3
B Nyords =3+ [%‘ﬂesw for 1< ngamples <32

B Thyords = 3 for Nsamples = 0

® minimal message: 3 words (no samples, only metadata)
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Reminder: SPADIC 1.0 architecture and features

Multi hits

What happens when a channel is triggered again, before the current message
is completed?

first message would end here
new trigger —

120
100
80
60
40 -
20

first message is shorter than usual

selection mask is restarted

(in this example, all bits are selected...)
_20 -
-40

timestamp: 3031 24 timestamp: 3055
@ple ontained 32 samples contained
stop type€multi hit stop type: normal end of message
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Reminder: SPADIC 1.0 architecture and features

Message output multiplexing

R

channel 0
channel 1 merged message stream

channel output buffers  MUX —[r_ | A_Jo|A]r_[A_]

channel 15 sorted by timestamp!
epoch ch. E \

inserts epoch markers

. channel numbers
@j /_ one-hot encoded
ﬂ 17

various error cases are handled
e.g. buffer full, SEU in ordering FIFO, ...
— special info messages are inserted
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Test beam results

Section 2

Test beam results
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Test beam results

SPADIC rev.B FEBs (single + triple) on MS, FFM chambers
CBMnet connection to SysCore v3.1 over HDMI

optical CBMnet connection to FLIB (acting also as DPB)
data acquisition using FLESnet
custom scripts for configuration and online monitoring
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Test beam results

Analog performance

m unfortunately: CSA instability observed in every 2-3 chips, took some
time to find good ones (combined with finding a good HDMI cable....)

m surprisingly low noise, if enough copper tape applied between FEB and
backside of TRD (baseline o = 3-10 ADC units, compared to 1-2 in the
lab with no detector)

m — packaging and current FEB design work well

m near optimal use of available dynamic range (baseline at = —230, pulses
go above +200)

m available baseline trim (ADC setting) sufficient to equalize all channels
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Test beam results

Digital performance

m everything worked as expected (bug in comparator could be worked
around)

m some features have not yet been used much, but are still good to have
(digital filter, differential trigger mode, digital scaling)

m other features have proven invaluable for debugging: digital offset,
seeing full pulse shapes, forced trigger
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Plans for SPADIC 2.0
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Plans for SPADIC 2.0
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Plans for SPADIC 2.0

Analog frontend and digital part

m fix amplifier instability
m fix bug in comparator (positive # negative)
m don’t change or remove any existing features unless there are very good
reasons
possible new features (must improve performance):

m combine information from neighbor triggered channels in one hit
message

m calculate sum/peak/...of a pulse
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Plans for SPADIC 2.0

Communications backend

m replace CBMnet by custom SPADIC-e-link protocol

m adjust interfaces for slow control, synchronization and data acquisition
as necessary

m use concepts developed for STS-XYTER if applicable, for example (as far
as [ have understood them):

m all downlink communication consists of reading or writing single
registers (— there are virtual registers which, when written, reset the
timestamp, trigger all channels, etc.)

m use variable numbers of links for data transport, distribute data evenly
across links
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Thank you for your attention.
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