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Outline

1. Motivations and requirements for the project

2. System architecture:
= Pre-amplifier shaper (PASA)
= ADC
= Digital Signal Processor (DSP)

3. Tests:
= Gain
= Noise
= DSP
= Power / power pulsing

4. Conclusions
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Super-Altro requirements

Applications:
Linear Collider TPC, CLIC/ILC: pads as small as 1x4mm?, beam pulses.

Tests of GEM and MicroMegas.

S-ALTRO requirements:
Provide signal charge, channel number and a time stamp.
Data processing of 100us of data sampled at 10MHz (25us @40MHz).

Small size.

Handling signals of both polarities, variable gain and shaping time.
10bit, 40MHz sampling.

Advanced DSP capabilities and zero suppression.

Power pulsing capability.

Goal:  to demonstrate integration per channel of a low-noise programmable analog
front-end, an ADC and Digital Signal Processor in a single chip.

Architecture: based on existing PASA + ALTRO electronics for the ALICE TPC.

Technology: CMOS 130nm.
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System architecture

ACQUISITION CHANNEL (xN)

DIGITAL SIGNAL CONDITIONER

First
Baseline |13| pigitgy |13 Second 1o o,
Correction ) Shaper mm) Baseline jmmy Supression

Correction
memaory | ‘

]

COMMON Config.
CONTROL and Status
LOGIC Registers

Trigger
Manager

| |
I LO L1
|:| Runs with Sampling Clock BD CTRL (acquisition)  (readout)

[ Runs with Readout Clock (ALTRO manual, ALICE TPC FrontEnd Electronics webpage)

Level 1: Starts the data acquisition.
Level 2: Validates data from previous L1.
Sampling clock : max 40MHz. Readout clock : max 80MHz.
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PreAmplifier/Shaper (PASA)

Based on the CERN PCA16

Prototype (G. Trampitsch).

Single-ended input,

differential output.

4th order CR-RC* filter.
IPreamp Pole-zero 2x T-bridge

Programmability options:

— Polarity switch

— Shutdown switch

— Gain control (2 bits: 12-15-19-27mV/fC)

— Peaking time control (3 bits: 30-60-90-120ns) for GEM tests

— Bias decay (analog)

Size: 1100pm X 210pum.
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Pipeline ADC
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10-bit Output

CERN ADC prototype (H. Franca-Santos):

8x 1.5-bit stages (redundancy) + 1x 2-bit flash ADC.
10bit, 40MHz, 1.5V supply, 34mW power, 1.5x0.5mm? area.
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DSP functions

E. Garcia PRIME 2009 proceedings pp28-31

S-ALTRO acquisition channel

Baseline Removes the systematic offsets that are introduced due to clock noise pickup and switching of
Correction 1  the gating grid of the detector.

Digital General-purpose digital shaper. Example: remove the distortion of the signal shape due to long
Shaper ion tails.
Baseline Reduces non-systematic baseline movements based on a moving average filter.

Correction 2

Zero Removes samples that fall below a programmable threshold.
Suppression

Data Format  Converts the 10bit data stream into 40bit words including time stamp.

Multi-Event In order to reduce the dead time of the system, data are saved in a memory for later readout.
Buffer
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Digital Shaper simulation

DS example test: removing the undershoot of the analog pulse.

DP Input Tail Cancellation Filter
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Baseline Correction 2 simulation

BC2 example test: a baseline fluctuation during the acquisition.

Baseline Correction 2
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Size: 5750pm x 8560um
(49.22mm?)

Submitted July 2010

Packaged in 2 different
packages:

| PGAL180 for testing purposes
T = QFP208 for applications

+ naked dies available
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Test conditions:

» Sampling clock frequency 10-20-40MHz, readout clock 40MHz.
= Chip PGAZ3: the inputs of the PASA are not bonded. This avoids noise

Injection from the ground plane of the test board.
= Chip PGAA4: all inputs bonded.

Shutdown / power pulsing tests controlled using the Board Controller FPGA:
 PASA shutdown feature

 ADC bias resistor switch
 Removal of the sampling and/or readout clock (enable lines)
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Example a,chi's_itio,ns '

Examples of acquisitions with PASA gain=12mV/fC, shaping time=120ns,
Input cap 1.8pF, sampling clock frequency = 20MHz

Baseline acquisition

| 1 | | | 1 |
100 200 300 400 500 BO0O YOO
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[
]
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Time [ns)

Examples of acquisitions at 30ns and 120ns shaping time.
Sampling frequency 40MHz. Signal scan with a granularity of 5ns.
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Gain measurement

Gain (mV/fC)

100.0 120.0 140.0 160.0 180.0 200.0
Charge (fC)

PASA configuration: 12mV/fC, 120ns, Low polarity.
Measured gain: 10.6mV/fC +£1.4%
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Baseline noise: open analog inputs

B 120ns 12mV/fC Lpol

B 120ns 12mV/fC Hpol
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PGAS: inputs not bonded

Noise constant across channels
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“Noise summary

Analog | PASA 154001 12/120ns L 27/30ns L 12/30ns L 27/120ns H 12|30ns H 12
Inputs | conf:

Open [Noise e o947 316 | 641 370 | 574 625
Bonded | Noise e 809 649 1796 1768 770 1587

Measured baseline noise averaged over 16 channels.

Shaping 30-120ns, Gain 12-27mV/fC, signal polarity H/L.
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DSP tests 1

Known pattern written in the Pedestal Memory (Baseline Correction 1) and used
as test input

|

| |
500 1000 1200

Emulates the pattern produced by a real detector
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DSP tests 2

0

800 1000 1200

The DSP removes offsets, undershoots, baseline drifts
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' Power Co’nsumpti'-on DSP 1
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Power consumption of the DSP when acquiring at 40MHz sampling
frequency. Different DSP functionalities included.
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' Power Co’nsumpti'-on DSP 2
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DSP supply voltage (V)

Power consumption of the DSP at different supply voltages.
Efficient operation down to 1V supply.
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Power consumption

Each block can be switched off independently, and without removing the
supply voltage.

PASA and ADC: remove the bias voltages.
DSP: remove the sampling/readout clock.

40MHz Smart
operation shutdown
PASA 10.26mW/ch | 132uWi/ch
ADC 1 31 28mwich | 430pwich
analog
A.‘D.C 1.71mW/ch =0
digital
DSP 4.04mW/ch 10puW/ch

Power consumption: 47.3mW/ch, 757mW total @40MHz.

500

Power per block (mW)

W PASA

B ADCanalog
ADCdigital

W DSP
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PoWe'rl pulsihg’ cycle
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Power consumption of the DSP during a power pulsing cycle.

Minimum delay between power up and L1 trigger has to be measured.
Readout time is determined by the test setup (RCU) =» minimum PP cycle =1 ms.
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Wake-up time

Signal (%)

100 125 150 175 200 225 250
Delay (us)
A test pulse is injected after power up; the amplitude of the pulse is

monitored with different delays between power up and L1.
Plot of signal amplitude with PP vs signal amplitude in continuous mode.

100us delay gives good results: difference with continuous mode <1 LSB.
M. De Gaspari
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Power pulsing results

Shutdown (mW) Power pulsing cycle

(1d)

TARYAN 2.12 145.2

ADC analog 6.88 421.1
ADC digital 0.01 22.9
DSP 0.16 58.3
Pads =0 6.9

Total 9.2 654.3

Power pulsing cycles are repeated at a frequency of SO0Hz (Duty=1/20).
Pcl1c=9.2mW+50Hz*654.3uJ=41.9mW
Power reduction by a factor 18.1 (continuous mode: 757mW).
In the ILC 50Hz case:
P, c=9.2mW+5Hz*654.3uJ=12.5mW (reduction: 60.6).
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Conclusions and Outlook

» The 16 channel Super-ALTRO Demonstrator has been designed,
prototyped and tested successfully!!
» The chip is already usable for the Linear Collider TPC prototype.

The area is 3.07mm?/channel (LCTCP requirement: <4mm?)
» Using appropriate design techniques, integration of low-noise analog
components and digital functions is possible with little effect on noise
performance.
» Power pulsing approach has been demonstrated effective in reducing the
power consumption, while preserving the performance.

» The Super-ALTRO Demonstrator opens possibilities of design
optimization for lower power and higher number of channels.

» The system can be used for detector tests, e.g. using GEM readout.

* Since integration has been proved, the next steps should attack the power
consumption of the ADC.
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Thanks for your attention!

» The 16 channel Super-ALTRO Demonstrator has been designed,
prototyped and tested successfully!!
» The chip is already usable for the Linear Collider TPC prototype.

The area is 3.07mm?/channel (LCTCP requirement: <4mm?)
» Using appropriate design techniques, integration of low-noise analog
components and digital functions is possible with little effect on noise
performance.
» Power pulsing approach has been demonstrated effective in reducing the
power consumption, while preserving the performance.

Ref:

oM CN( http://www-flc.desy.de/lcnotes jRNeSpI=a B2k aa (el =Helg(a]}
“Super-Altro 16: a Front-End System on Chip for DSP Based Readout of
Gaseous Detectors’ accepted for publication in IEEE Trans Nucl Sci.

P. Aspell, M. De Gaspari, H. Fran¢a, E.Garcia Garcia, L. Musa LCWS, 24th October 2012
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Alice TPC: ALTRO

DETECTOR Front End Card (128 CHANNELS)

smallestpad | L1: 65}13 L2: <100 S
4% 7.5 mm? L KHz 200, Hz

drift region
92us kapton

Custom

ITlackaane

— PASA Digital
Circuit I_

—————» cable 8 CHIPS (16 CH/ CHIP) 8 CHIPS (16 CH / CHIP)

u | ALTRO

gating grid

CUSTOM IC
570132 PADS (CMOS 0.35um) CUSTOM IC (CMOS 0.25um )

3200 CH/RCU

CSA

= * BASELINE CORR.
h WllPSaHsie SEMI-GAUSS. SHAPER

SIN =30:1  TAIL CANCELL. DU ST

MEMORY
DYNAMIC = 30 MIP GAIN =12 mV/fC ¢ ZERO SUPPR.
FWHM = 190 ns

PreAmplifier Shaping Amplifier = PASA
ALice TpC Read OUt = ALTRO IEEE Trans Nucl Sci Vol50 Num6 2003 pp2460-2469
Two-chips system, AX7.5mm?2 pads Nucl Instr Meth A Vol535 2004 pp500-505
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Baseline Correction 1 simulation

BC1 example test: subtract a systematic pattern.

T T T 200
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- PASA: ESD protections

Each PASA has two input pads in
parallel (only one bonded):

« Simple double diode protection
scheme (Human Body Model)

o Structure with series resistor for
enhanced protection (Charged 60 Ohm
Device Model) Ground—

Drawback: the series resistor adds noise to the input signal.
PASA noise: 300e- @ 10pF detector capacitance
Noise increase (simulated): 20-30%

M. De Gaspari
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- Gain measurement 2

Gain {mV/fc)

[
ka
Ln
=]

40.0
Charge (fC)

PASA configuration: 27mV/fC, 30ns, Low polarity.
Measured gain 22.5mV/fC+0.7%
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PASA: EqUiVaIent Nolise ,Char'ge |

=1V 120ns HEM

=0V 120ns HEM

OV 30ns HEM

——0V 120ns CDM

=1V 120ns CDM

100

Simulations: dependency of the noise on detector capacitance, shaping time,
feedback resistance, and type of ESD protection
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Noise; PGA4 -

W 120ns 12m\/fC Lpol

B 120ns 12mV/fC Hpal

MNoie (LSB rms)

Q700
0.600 -
0.500 -
0.400 -

PGA4 inputs bonded

Noise variation with the channel number
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Noise: PGA4
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Input capacitance (pF)

erent input capacitances.

PGA4, Channel 0, 120ns, 12mV/fC
Slope: 15e/pF
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NoiSe’-:l qu_antiZation

ADC counts (LSB)
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The influence of the ADC quantization on noise.
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' Power 'cc‘)lnsumpt‘i.on:_ DSP |

SN

din-flt) (40MHz)

din-f(t) (20MHz)

g / \ din-f(t) (10MHz)

10 15 20 25 30 35 40

100
Frequency (MHz)

Time (us)

Power consumption of the DSP for different sampling clock frequencies.
DSP configuration: (Data In) — (Look-Up Table).
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Zero Suppression example

Threshold=20

I I L I
300 400 500 GO0 700 B0O0

9 Zoom
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