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Original Goals of SPADIC Development (~20006)

TRD readout (electron ID & tracking):
» Event assignment (via time)
» ¢/t separation via signal shape
« Shape & time — sample pulse — ADC
* High rate — eliminate ion tail — (digital) filter
» High rate — large data volume — high speed IF (CBMNet)

= Concept similar to PASA + ALTRO/TRAP (2 chip solutions)

= Aim at a Single Chip Solution without external IP
* Low cost
 High flexibility to implement what is needed
« Simple chip mounting (avoid costly Multi-Chip Modules)
» Compact
* Get (some) radiation tolerance from DSM technology (UMC018)
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= 2006: Building blocks (Charge Amplifier, ADC)
= 2009: SPADIC 0.3: Full channels

EEEE =
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= 2011: SPADIC 1.0: Full 32 channel chip with CBM-Net
» 2015: SPADIC 1.1: Small Bug Fixes (CSA, link, hit detector)

» 2016: SPADIC 2.0: Change in shaping time and sampling,
E-Link Interface (from STS-XYTER team)

» Effort: 1 FTE / year (Tim Armbruster, Michael Krieger)
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-y Block Diagram

single message stream:
from detector pads signal snapshot + metadata

LVDS serial link

[&- ADCH DSP H Hit Logic | %32
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Key Parameters

Chip Size 5 x 5mm?
Channels 32
Total Power 600 mW
Peaking time of analogue part 80/160ns (ENC ~800e @ 90ns, 30 pF)
ADC resolution 9 bit (EnOB ~ 7.5 Bit)
ADC Sampling frequency 24/16 MHz
FIR Filter stages (1st order) 4
Technology UMC 180nm
Transistor count ~ 2.0M
= Features

 Hit Finder with several modes (absolute / differential threshold)
» Pulse Sampling with arbitrary pulse picking pattern
* Neighbor Trigger (via LVDS links)

» Time ordering of hits (per 16 channels)

CBM TRD Review: SPADIC (15.3.2017) Peter Fischer, Heidelberg University 5




RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG

Charge Amplifier / Shaper

Continuous rest Voltage pulse,
shape depends

(self-triggered)
A only on shaping-

| N7 _DID_ time:
“ “ D
I ]
Fast charge pulse
from detector (< 10ns)
t |
f(t) = (=)exp(+)

Charge Amplifier 2nd Order Shaper T2

= Positive and negative polarity available, Q. ., = £75 fC
» Pole-Zero compensation

» CR-RC Shaping

" Poga = 3.8 mW (pos.) / 10 mW (neg., not optimized)

*ENC ~200e +20e /pF

max

* Pulse Monitoring on analogue pad
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HEIDELBERG CSA Noise

» Simulated/measured noise for varying transistor length
(180-460 nm) do not match (no L-dependence in simulation!)

» Best length of 320 nm determined by test structures

1L.B00

750e ENC @ 30 pF, 90ns, 3.8 mW

1.400

1.200 +

} Measurement

ENC Ngise [e]
-
2
Q2
(=]

o0
[=]
o

600 > Simulation

400 —

* New layout of input NMOS had
= no impact on noise results
71— | *large deviation between channel
Detector Capacitance (oF] | types can't be seen in simulation
* 320nm is the best choice
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HEIDELBERG ADC

» Pipeline ADC
Si A — > Sin1
Ll residual
to next
M 1-2 bits stage

» Scaled Currents for power saving

Digitized pulse,
ADC is running
continuously

\

ax

# - 15kQ

1

adder / evaluation logic —F— e

Pulse from shaper

8 bit pipeline ADC with 25MHz (40ns period)

= 1.5 Bits / stage (error correction)
= 24 MSpS, 9 Bit design
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HEIDELBERG (ADC Current Memory Ce”)

= Current Mode operation
* Novel storage cell:
* Virtual ground
* No Early effect
« Can ‘mirror’ current for comparator

_ |
write [
current o
in/out B dlglttal
R o e i R N | ou
. compa-
. rator —>
write & storage |
relad node ]
= voltage digital
node domain

= 'Inherited’ from Belle Project (l. Peric), modified by T.A.
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HEIDELBERG ADC Characteristics

ADC Input-Output characteristic

T
( 256 +1 0 |
240 . B N DA RAOS i O
4 H
e JINL (red) @ £4 NISPO
208 i INL(1€d) ~ f
N |
176 5 |
160 = . 6 1
144 F
128 5 5 f
12 A 5 ‘
9% =
it .
80 A 3 .
v -
64 = :
pn o 2 .
= 2 ’*_nﬁ s S, & v i
s o OO S S S a g . E N T SRR 7
L TS U SRR SNUUUUURRRTUL SNRUUUURRUN SURUUTUNURUNT SUSSURURUR - 4SRRI TS — B T e o e W - S
. : 0 L om 1 3 i : o
9 Bit < - Small Kink T ; o 6|
S F oo SSMAll AINK u 3 it 5
T 2 | SRR SR IO, S, it R
o IO NOUUUTOUIUI ONURUOUOOION UNOIOON MO . OO U . 0 WU DAL . £ Lot oot 712 o2, 3
e }I e A R L
4 ey 3 fi % e
-80 e - 7
96 ez 4 I” o 3
112 ++ :" s .
" s [ N : :
28 " * - <. 1
144 |- #++ ] € 5 o i
160 |- o . h | e 1
Larger Kink I |
b arger Kin 1 > i
-208 £ 1 e t
224 gt | 4 t
240 |- i | = |
pod ' CUTETT 40 , ; ; .
o -1 1
5 = e 5 S 5 % = » -35 -30 25 20 0 s 0 5 10 5 20 25 30 35

ADC input current / uA

« LSB = 1.8 mV (9 Bit mode), Full scale = 933 mV
* Noise = 0.72 LSB (9 Bit mode)
= After correction, EnOB ~ 7-7.5 Bit (better at lower speed)
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HEIDELBERG | _ D|g|ta| Filter

P D=0

multiply-add scaling & offset
with saturation logic

» FIR filter, 4 stages

» Widths of internal processing and coefficients optimized
 (Diploma M. Krieger)

= Multipliers consume significant digital logic resources
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HEIDELBERG - 1
Filter Operation
= Can be used to eliminate ion tails
= Can be switched off
= Simulation:
70 Tail function
Fitted exponential sum
60 - Filter result after stage 1  *
Assumed Filter result after stage 2
. Filter result after stage 3
50 | detector signal
8 40 |
5
o
g 30 | K¥T T
a ¥ oy o -
O . TRX K K v o |
20 ¢ : S|gna| after 3 FK K ¥ ¥ 5 XX %X % % w
,\,\*:;K;ﬁ****ap
10 1 matched stages T
SN
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Discrete Time Steps

» Note: filter adds noise (‘high-pass' function)
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Sample Picking

» Mask register allows to pick samples of a pulse to read out
» Pre-samples before pulse are possible (— get baseline)

mask _l

256

192

128

256

192

128

o o [T [TTTTTTITTTI]

0 4 8 12 16 20 24 28 32

[oeiaeaeloe] T o[ T | [ [ [ [ [T [T T[T [TTTTTTT

0 4 8 12 16 20 24 28 32

ﬁ message data (hex)

801F
9082
AEEF
SAFF
3FDF
73E1 L ;
73, 13 samples contained
007E
0F77
47E2
B350

801F
9E4D
AFOF
52FF
3FCA
404F
4200
B1D0

7 samples contained

Number of samples data words (16 bit)

= Trade information vs. data volume: 3 4
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N AP N Data Processing

= Quite Complex

A
to neighbors (1)

trigger from neighbors (1) t-rs (12) 25 MHz I -

Neighbour Trigger
(also between chips)

hit length (6)
max hit length (6)
select mask (16)

internal hit (1)

# values sent (6),

. N latched .
hit type (2) N TS (12) # lost hits (8)
meta
threshold1 (9 \ data
) N type (3),
threshold2 (9) —# inject (1)

diff mode (1) —%»
N almost
full (1)

Multiple
threshold modes

To Interface

take, last (2)

\J

input s 15)
u
IIR data (9) === buffer

inter channel switch
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Ordering FIFO

= Sequential data is ordered by time stamps!

— e tili

\u

channel numbers
/ one-hot encoded

[

mer ged message stream

N_

A

0

N

N_

A

channel 0 NN N
channel 1 A_ AN
channel output buffers | MUX
channel 15 A A JIN A A
epoch ch. 4]3]2]1 /
inserts epoch markers —
‘ Y

x2 (group A, B)
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Readout Setup

= Several systems / boards build for various chips
* Measured via USB2.0 readout system ‘SUSIBO’

voltage regulators
detector power

N o d

A L

L
L
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AT

QUQP

APi A
testpulse  status LEDs FPGA I;’oard
s act Susibo
injection CBMnet (HDMI) . USB
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Sampled Pulses

Test Injection

0 Spadic Hit Readout Client

Very good match to
: expected (29 order)
i shape.
5
| | TRD pulses @ CERN beam
256
192 7
128
64
i .
0 - 8 12 16 20 24 28 32
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P’ Y Readout Boards Affect Quality A LOT

» Same ASIC, Readout, Detector connected
= Test pulse injections
= www.youtube.com/watch?v=tK7Hm2MSg3Y [*

SPADIC Pulse + Fit SPADIC Pulse + Fit
Sampled ' | | =1 | |
pulse | | | | |
: 5100 : :
§ s:? : : 9 %
‘; r—r r— o, Y ¥ v ; - — 135 ” ; e, S, ey T T T T T T 1'5 )
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RUSESSEINNN,  Amplitude Histogram Amplitude Histogram
Amplltudgs of i‘ , | 4 ADUs
pulse fits 40 ADUs 508 ¢ s

Frequ
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Test Beam Setup

= 4 SPADIC Boards with Interfaces

2 Munster's ALICE-Style chambers with drift

4 SPADIC Setups
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HEIDELBERG | SPADICs on Detectors

» ‘MUnster’ chambers with SPADIC1.0
= Very good noise performance in lab
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SPADIC 2.0

* Very close to final chip
* Main motivation: CBMNet — STS-XYTER protocol (E-Link)
» Changes w.r.t. SPADIC 1.0/ 1.1:

Changes in SPADIC 2.0

CBMnet replaced by STS-XYTER protocol

m Before: 25 MHz sampling rate, 7=80ns=2T
Now: 16 MHz sampling rate, 7 =250ns =4 T

m Before: Several SPADIC words in one CBMnet packet
Now: One SPADIC word in one uplink frame

m Before: CBMnet packet buffers - DLM needed for synchronization
Now: No buffering — all frames intrinsically deterministic — unified
configuration and synchonization interface

m Register size changed from 16 to 15 bits — some registers were split
m No triggering of epoch markers needed anymore

m One more “presample”
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N SPADIC 2.0 Production

= SPADIC 2.0 was produced as part of a CBM engineering run

N R P
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|
i

o

!I
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LN SPADIC 2.0 packaging

= SPADIC 1.x were in expensive 'prototype' package
= SPADIC 2.0 is in cheap plastic QFP208 package

« 2 $ / piece in large quantities
= 200 packaged chips are available
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- Photo: Cruz Garcia
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HEIDELBERG SPADIC 2.0 Works as EXpeCted

256 T ! T T
192 + Overly of 12 pulses i
- Sampled 128 L Sampling rate 16.7 MHz ~ _
pulses: 9 eal Shaping time is 237 +- 5 ns _

C

o OF i
2 64 .
-128 _
-192 |

-256 : ' L !
0 0.5 1 15 2

microseconds

Comparison uplink timing tolerance SPADIC 1.0 vs 2.0

4 [1 T T T T T T T
ideal case

35 F SPADIC 1.0 —+—

SPADIC 2.0 =

3 - -

= Timing tolerance of serial
interface is largely improved
wrt. SPADIC 1.0:

2.5
2 - —
15

1_ -

working delay range [ns]

0.5 -

0 | | | I | I [u

0O 05 1 15 2 25 3 35 4
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CBM TRD Review: SPADIC (15.3.2017) Peter Fischer, Heidelberg University 24



RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG | _ Next Ste PS

* Enough SPADIC2.0 available for upcoming detector tests

» Results will tell us if changes are needed
 e.g. amplifier shaping time, gain

» Planned changes for 'final' SPADIC2.1 are related to data
format / volume:

Revision of data format

m Currently, the STS-XYTER protocol is not efficiently used (one 16-bit
word in one 23-bit frame — 7 bits per frame wasted)

m Some of the transmitted data is redundant (e.g. group ID mirrors
information already known further “up” in the DAQ chain)

m Investigate more clever ways to reduce the amount of data (e.g.
combine data from neighboring channels which belong together

anyway)
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* The 32 channel SPADIC is available since several years

= |t contains Charge Amplifier, ADC, Filter, a flexible hit
detection and self-triggered serial readout

= SPADIC has been used for several detector tests
successfully

= | atest SPADIC2.0 implements E-Link protocol
= Chip is functioning

= Expected changes for 'hopefully final' SPADIC2.1 are small.
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