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1. SPADIC Architecture
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Introduction to SPADIC 1.0

Abstract Data Flow Concept

Charge Pulse Amplification and Shaping →
Continuous Digitization →

Continuous Filtering →
Digital Hit Detection → 

Package Building  →
DAQ Protocol Encoding →

Fast Serial Output Interface
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@ 1Gbps (serial)

SPADIC

Possible SPADIC user

- TRD
- Maybe RICH
- MUCH ???
- ...

SPADIC: Self-triggered Pulse Amplification and Digitization asIC

See next s
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Introduction to SPADIC 1.0

An abstract point of view: The 4 SPADIC Parts

Part 1:
  physical adapter – input cell, preamp/shaper, ADC, ...  this talk→

Part 2: 
  digital processing – IIR filter  Michael Krieger→

Part 3: 
  data extraction – hit detector, package builder, neighbor logic, …  this talk→

Part 4:
  transfer mechanism – CBM net, LVDS driver  this talk, see also Frank Lemke→
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The processing chain of SPADIC 1.0 – Step 1

Step 1: Amplification + Shaping

       

Fast charge pulse
from detector (< 10ns)

(both polarities
possible)

Voltage pulse, 
shape depends 

only on shaping-
time:

f (t) = (
t
Τ

)exp(
t
Τ

)

Charge Amplifier          Shaper

Continuous rest
(self-triggered)
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The processing chain of SPADIC 1.0 – Step 2

Step 2: Digitization

Pulse from shaper

Digitized pulse,
ADC is running 
continuously

4x 2x 1x 1x 1x 1x 1x 1x

2

adder / evaluation logic
9

2 2 2 2 2 2 2

15kΩ

8 Bit Pipeline ADC with 25MHz (40ns period)
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The processing chain of SPADIC 1.0 – Step 3

Step 3: Data processing + Data Gathering

Pulse from ADC

3.5 data processing stages

Ion-Tail IIR Filter
(TRD Ion Drift)

Baseline
Correction

Additional Shaping

[ … ]

Digital Hit Detection
+

Package Builder

(scan for hits, choose 
data plus meta data,

build package,
send out)

?

data gathering stage

Hit packages 
(pulse data + 
meta data)
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The processing chain of SPADIC 1.0 – Step 4

Step 4: Inter-Channel Network and Output Protocol

CBM DAQ
Output Protocol

Encoder
+

8b10b
+

Serializer 2 x 500 Mb/s

Channel 1

Channel 2

Channel 32

Channel 31

[ … ] Switch

Serial
Output
LVDS
Driver
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2. Selected Analog Details
(Since most of you already know a lot about the analog architecture)
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Two Front-End Amplifiers

1x12x

       

Current gain 10x

+ +

sel
1x

1x

10x

10x

1x12x

       - -

selN
Negative
Front-End

Positive
Front-End
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Negative Front-End (low vs. high gain = a long discussion)

80ns peaking-time

2pC

4400e ENC @ 30pF
(incl. input protection

and all necessary switches)
=> S/N 2800 

Now: pos + neg front-end:
75fC dynamic range!!!
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Modular Design – Example 1: Amplifier Cell
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Modular Design – Example 2: Feedback
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Modular Design – Example 3: Channel Bricks

Modules wherever redundancy occurs 
=> In all levels of hierarchy
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CSA Power + Bias Scheme

power/decoupling

power/decoupling

channel 8

bias diodes

channel 0

channel 7

DACs

...

power

power

DACs

bias
diodes

guard ring

SPADIC 1.0

Digital 
Part

ADC 8

ADC 0

ADC 7

...
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Analog Layout

Pipeline ADC (32x)
Input Cell (32x)
Decoupling + Power Cell (32x)
Bias Diodes (1x)
Power channel + Decoupling (5x)
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Pads

All SPADIC pads were copied from our own lib and then updated
Added some new pads: I2C, Analog Input with serial res, Pull-Up, …
New Pitch: 95um (old was 80um)

I2C Protected

[...]
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Some Numbers
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2. Data Processing
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Data Processing

Now: Michael Krieger's Contribution
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3. Data Extraction
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Data Extraction Logic

Input Delay
(SR)

Output Buffer
(FIFO)

9 16→
Converter

(FSM)

Hit
Sync

Hit
Detector

Meta Data
Generator

Main Control (FSM)

@   25MHz
@ 125MHz

FIFO Control

Value
Select

Hit 
Type

Message Length

Threshold

IIR
Stream

To Switch

Hit
Detected

To Neighbors From Neighbors

Hit

Select

Misc Status Signals

Pulse Bitmask

9 9 16

16

16
16
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Pulse Selection Mask + Double Hit Mechanism

0000111111110010000100000000000000000000111111110011111111001000010000

Pulse Values Selection Mask Restart of Selection Sequence

Normal Pulse
Double Pulse

Diff-Mode for Double Hit Detection

Diff Mode

threshold

threshold
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CSA/ADC

CSA/ADC

Neighbor Logic

TRD
Pad Row

CSA/ADC

Charge Sharing

Some Hit

Hit Detector

Hit Detector

Hit Detector
hit

force readout

force readout

Message 2

Message 3

Message 1

Message 1: Trigger from neighbor, hit data, status, ID, …
Message 2: Hit detected, hit data, status, ID, …
Message 3: Trigger from neighbor, hit data, status, ID, …

Neighbor relationship programmable, force trigger also between chips

=>
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Channel Switch + Epoch Channel 

Switch
(+ corruption

logic)

Ordering Fifo

16 Channels     

Any New Hit (17 bit)

Epoch channel

Channel Data
(16x16 bit)

Epoch Data
(1x16 bit)

Message stream
Sorted!
16 bit @ 25MHz

(If enabled,
one epoch 
message
each time the TS
wraps around)
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Many Tricky Details

A lot of abort cases during 
massage building, e.g.:
- output buffer full
- ordering FIFO full
- multi hit detected

Counting mechanism if no 
further hits can be processed 
due to a full buffer
- hit but buffer full: inc hit counter
- counter > 0 && bufferNotFull: 
  send message with counter value

SEU tolerance in switch
- bitflip in ordering fifo (SRAM)
- bitflip in output fifo (SRAM) 

Data rate 25 MHz, internal 
Logic rate 125 MHz (1:5)
- No path in FSMs longer than 5

9 bit data width but 16 bit 
message word width 
- Very tricky converter 9  16 bit→

[...]

Main Hit
Extraction
FSM
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Message Format 

Message word: 4 bit preamble + 12 bit payload
                         OR preamble “0” + 15 bit payload (continuation word)

Message: Block of n message words (e.g. normal hit message, epoch marker message, …),
                may consist of only 1 message word

=> Very flexible, in case of SEU message stream can always be re-synchronized
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Long story: Using the Faraday SRAMS

Very few documentation available 
   → More or less only the manual for the RAM generator software 
       which we can not access directly...

Many complicated constraints where necessary to tell the
tools not to short wires, to connect power, …
   → Manually added blockage layers (a lot of trial and error)
   → Cut out standard cells (find the correct command sequence)
   → Manually tell encounter to connect the power
   → Choose proper size of guard rings

44 SRAM blocks made the floorplanning to a big challenge
   → 5 completely different layout schemes were necessary
   → Whether the router succeeds or not seems to be randomly correlated to the floorplan

LVS was a mess
   → LEF input very buggy, needed to write auto-repair SKILL scripts
   → At the end, LVS only with digital part as black box 
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4. Transfer Mechanism
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CBMnet from a SPADIC's point of view 

FIFO
buffer

Message stream (2x), 
one per 16 channels

CBMnet
wrapper

CBMnet

8b/10b
Retransmit

Det. Latency packages
...

Package 
(cut-out of 
message stream)

Serial link @ 500 MHz DDR

LVDS
driver

CBNnet
on FPGA

Reconstructed 
message stream 

For details, see talk
from Frank Lemke
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Synchronization 

CBMnet feature: DLM (deterministic latency messages)  

Sender

CBM net
Guaranteed 
fixed delay for 
DLMs

SPADIC

From SPADIC's point of view:
DLM0: Loop back (used to measure delay through CBMnet)
DLM1: Sync signal (always @ TS wrap-around, set new TS + opt: epoch)
DLM2: With next DLM1 set TS
DLM8: Start readout
DLM9: Stop readout
[...]
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4. Summary
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Top-Level Layout

SPADIC 1.0 (5 x 5 mm²)

SPADIC 0.3 
(1.5 x 3.2 mm²)
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The Documentation: e.g. Some Statistics

Just google “SPADIC” :-)
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Summary / Next Steps

Next Steps 
  Build (low pickup noise!) PCB
  Test and provide CBMnet on FPGA (ongoing, Brüning et al)
  Wait for SPADIC 1.0 to return from factory

What SPADIC 1.0 is (if it works)
  An oscilliscope-like charge pulse readout ASIC
  Complete multi-channel mixed-mode readout system
  Flexible, adjustable and programmable
  Simulated
  
  
What SPADIC 1.0 is not
  An amplification wonder (noise, power, …)
  A digitization wonder (8 bit only)
  A minimalist (full pulse readout, high bandwidth, ...) 
  An answer to all possible problems (SEE, fixed shaping time,…)
  Tested
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