S PARIS

chip

H. Grabas
E. Delagnes

1 CEA/IRFU/SEDI Saclay
Collaboration with D. Breton + J Maalmi
CNRS/IN2P3/LAL Orsay

..
SREEEREEEREREREN

-
-y
a
El
a
El
L
.
a
-
u
A
L
"
o
. |
L
£
o
14
£
n

| This work has been funded by the P210 LabEx (ANR-10-LABX-
SERRNENA SENEEN SREENENE 0038) in the framework « Investissements d’Avenir » (ANR-
11-IDEX-0003-01) managed by the French National Research

Agency (ANR).

l'O -0 A 5w =@

AFP meeting, CERN nov 6th 2013




SAMPICO: a Waveform based TDC chip

SAMPICO : a 16 channel WTDC

proof of concept chip already usable with detectors
Test of CMOS AMSO0.18um (low cost, low leakage, 1.8V technology)
Compatible with buffered architecture (deatime free) => future chips

Each channel Self-Triggerable to catch parameters of fast pulses:
Timing :
Coarse = timestamp counter
Middle = DLL based TDC also defining a Zone of Interest for sampling
Fine = few samples in the ZOI of the sampled waveform
Waveform Shape, Charge, Amplitude available through samples

No need for high-end discriminator => low power, versatility

Short SCA (to accommodate the delay of the discriminator) AMS CMOS 0.18pum
10 mm?

Counter

Delay <€— Coarse timing
Input 3’gnal {option) o

Discri
/ Stop or Copy

No more critical
For timing

Clock

Delay line

D>

Threshold

Waveform capture

e > Fine timing

Analog memory  |[wADC

Critical path /

for time



SAMPICO: a 16-channel WTDC

=  Common “Slow” (160MHz) 12-bit Gray
Counter = Coarse Timestamping/ch

= Common Timing generator: servo-
controlled DLL: (1-10 GHz) used for
middle precision timing & analog
sampling commands

= 16 (short) SCA self-triggerable

channels:
“ No analog input buffer
= 64 cells, ~ 50fF capacitor
® 1.5 GHz Bandwidth

= Several modes of triggering: discri on
threshold (+/-), External, Or...

= On-chip fast Wilkinson digitization :
“ 1.3 GHz common gray counter.
= tunable ramp slope=> trade-off
conversion time/precision
1.6us/11bit to 200ns/8bit
= Simultaneous conversion of all the

SCA cells of the triggered channels
AFP meeting, CERN nov 6th 2013

FCk

= DLL (64 outputs) Ring Oscillator @ RCk
Counter outputs e & Convert

&) Read

In0

Channel
Channel #0 Read

out

I BOE B A
. SCA { 64 cel |S) Latched Trigger
ZOI Finder(cell)

ADCs & Mems

In15

Channel -+ Read
Read

= Deadtime = only for triggered channels
waiting or in conversion => independent
DEADTIME (can be common if required)

“Region of Interest Readout

“ Read-Out through a 12 bit/160 MHz (up to
400) LVDS bus: negligible readout deadtime

= SPI for configuration (Trigger modes,
discriminator thresholds (1/ch),...)



Chip Triggering

e 1 discriminator/ channel

* 10 bit DAC/ch for trigger
* Alotof trigger modes programmable for each channel:
— External SRR
— Edge selection g .
— FEnable/disable hesrel1:0]
Channel; D
— Internal/external threshold retos oot tches Tgser
— PO S tr 1 g zi;zs;;::;;jm (i) [9:1]
_ “CENTRAL,, trigger (: OR) | [ TrSrce(i)[1:0] TrChEn(i)
DACPD (i+1,[14,13])  (i+1,[14,12])
) B
* Stops the sampling in the SCA and catch the Timestamp
[

Rise the “ChtoConv” signal for the user

AFP meeting, CERN nov 6th 2013 4



Readout

* End of conversion rise “ChtoRead” flag.

* Stays high until all available data read.

* Readout driven by the user (Read and RCk signals)
* Data read channel by channel

* Region of interest readout to reduce the deadtime

* Rotating priority mechanism to avoid reading always the same
channel.

* Readout of the converted data through a 12 bit LVDS bus:

— Timestamps
— Trigger Cell Index
— Channel Identifier

— The cells (all or a selected set) of a given channel are read sequentially

* Channel is not in deadtime during Readout (the data
register is already a buffer)
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RO exemple: Hits on 2 Channels, 1

conversion
Th,

In
DeadTimei=TriglLatch;

Im

Thj ?Close enough to the firs"kve to be converted by the same ramp

DeadTimei=TriglLatch;

ChtoConv |
Conv Conversion Ev1&2 y/
Data <11:0> MS5Bs Gray +.. K Readout Data Frame EvA*|_] Readout Data Frame EvB*
ChtoRead |
Read \ )
\ Damned: ChtorRad stays stuckto 1 after read is back to 0:
There is a new event toread !!!
FROM SAMPIC to FPGA

TO3FPGA from SAMPIC
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THE ACQUISITION BOARD (LAL)

Mezzanine board for 16 channels.
SMC connectors
Mother board can hold 2 mezzanines: 32 channels

USB — Ethernet — Fiber Optic readout

5V VOltage Supply — 1Amp Jihane Maalmi

Dominique Breton
Paseal Rusquart

Windows software

2 boards are currently available
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THE ACQUISITION SOFTWARE (LAL)

Usable for test
Already usable for small size experiment.

Special visualization for WITDC mode

| Interface  Configuration Bun  Graph Brmwere  Special Modes  Advenced  Help

(D <DiPOINKO QW4 il a RO |
. Re-ordered Data Samples!

MAIN W i TRIGGER
MAIN | | b =
Externzl TnggerType
¢ Saftware Type
¢ Intemal Ose syme [1][] azyme
& Edemd Sig
[cns -] [ALL samPice ¥
Tri Mode:
!.‘.!H' Self Trigger Type
Extamal I Self Tigger (Momal) ‘s hdvidual
¢ Central (16s1-0R)
Internal Threshoid " hdvidual Deigyed
1.0000 £ |hdvidual wth Double Delsy =
05000 ¢ s
- \ :;':
o 1500 External Threshold =2
o =
0.0000 1.8000 1.0000 2
" 05000 4 L4
4 cum y 5
i L) =1.5000
Edge b N
-
- 4 oiom v
rtemsl [ Beems

infos | Wamings | Erors | Furring i@y

Trgger are Disabled or ol SAMPIC:. 2]

ger an= Enabled for all SAMPICs.

0:2-7 ' g \ | | i
4060144402 4060144410 4060144415 4060144420 ADE0144425 4060144430 ADED 144435

Time [ns]

Wois Auto |7 On/OF dmin 3/ 40E0184 Yigss fugo [ On/OF Ymax 3|55

2 2r= Dizabled for <l SAMPIC:. - e
Yo 7 4060144 Ymin 5 022

ger are Enablad for all SAMPICs. :‘
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TEST STATUS

Everything is working well excepted:

ROI readout: fail in zone case. Bug found, easy to fix
Central trigger : bug found, easy to fix

The 2 last features are not absolutely necessary. The chip is usable as it is
Sampling is ok :

from 3 to 8.2 GSPS on all the channels.

up to 10 GSPS on 8 channels.

Not tested under 3 GSPS
Readout ok (@ 80MHz. To be tested at higher frequency

Leakage ok. Data not damaged for storage times of few tens ps
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POWER CONSUMPTION: 0.15W @ 6.4 GSPS

Analog 10mW /ch

DLL & buffer: 51mW
- 1/3% of the chip.

247

.Misc - d.5mA

.PLDC Comparatars - 2.5mA
BDLL & buffers - 28.7mA
BDiscs - 10ma

_|High Cusrent LVDE - 34mA
PlLow Cusreat LVDS - 5ma
.Conversion - dmA

2| llsampliog logic - 33mA

ADC: 2uW/cell.

Digital

LVDS output: 70mW -
~ half power.

Sampling logic (for
trigger & ZOI): 60mW.

Discri: 1.1mW /ch.

SamPic power consumption - 120mA High Current LVDS - 84mA Low Current
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SAMPIC NOISE

Wilkinson conversion works Noise MAP

perfectly @ 1.3 GHz

RMS Noise in ADC counts

After cell/cell pedestal | § e L H. . IHI|H|H|I|H|I|I|I|H|H|
| | i BER NRL il
calibration TR
¥ HENEEENE B I EREE E I
No change with sampling 5 iE BN TNNNRENEN HIHI“HIHIH 2
frequency : : uERtRE w0 b na s § g
: i III i ll Illlllllllll AEREREN Illllll
Noise floor at TmV RMS 0 : |I=I=““ I“ 1 i

1 V total dynamic

10 20 a0 an £0 &0
Sample number

~10 bit rms range

Noisiest cells are at 1.3mV RMS

1mV = 1.95ADC count
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LINEARITY

3% of non-linearity

Due to non-linearity of :

* Charge injections

* ADC comparator time response

ADC counts

L'meari;:y for all ceflls

Cell-to-cell spread of slopes =3% pp 4,

A
Volt

Both effects are systematic and can be

corrected after calibration

None of these 2 effects are

corrected in the following 15

measurements

10

AFP meeting, CERN nov 61h 2013 10 20 30 40 50 60AGE 12



QUALITY OF SAMPLING

1 GHz sinewave (0.5V peak-pack) 64 samples ‘out of the box’ (pedestal cal. only)

@ 10.2 GSPS
64 usable data points

Already looks good
Will be improve with timing and ADC linearity calibrations
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BANDWIDTH

o <et_/‘>/\
|
-5  -3dB BW =1.6 GHz I
— . . . |
f-é.- Ringings to VSWR of the :
= board I
-E I
U l
-10 | I
|
|
|
|
|

-15
100 1000 Freq (MHz)
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PULSES RESPONSE

Further tests made with 0.85ns-FWHM pulse split in 2. 1 output delayed
by cable => 0.9V amplitude

0.4 GSPS sampling

Self triggered

ADC code

. 1 1 1 1
504 10 20 30 a0 50
Sample number
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SELF-TRIGGER EFFICIENCY AND NOISE

. F :—Inr-?m:ﬂ threshold
*: |~ Extemal threshold
1k |~"Extemal threshald
10k
= signal
&
=BTy —
3 Noise on
10 baseline
1
ik | ] 1 ]
056 058 .4 42 .44 .46 048 0.5 (.52

AFP meeting, CERN nov 6th 2013

Threshald (V)

(12)

=

i1 IE rat

Count

—Internal threshaold

20H0F
—Extemal theeshold

2500

20K SmV width
~ 2mV noise

15001 for internal

threshold

SO0
[ 1
0,485 01,44 0,495 0.5 (1505
Threshald (V)
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TIMING RESOLUTION

Mean (ns)  RMS (ps)
6.509 21.34

Fitted Mean (ns) Sigma (ps) FWHM (ps)
After gaussian fit: |g 560 19.94 4212

Nb Of Entries 5074

First measurement: 2 pulses with 10ns
distance. 3 kHz rate

Measurement performed for 6.4

GPSPS sampling

20 ps RMS resolution on Delta T

before any correction

7 ps RMS after INL timing

correction only
No tail 1n the distribution.

No hit “out of time” due to

mestabilities, etc...
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Nb of bins inTime Histo 3 100 Auto [7 On/Off

517
497

7 Before timing

$2  correction: 20
§ 2.

2% ps RMS

§ o8

Time difference distribution

T T T T i
6418 6440 6460 6480 65{}0 6520 654(} 6560 658(] ﬁﬁ(}[} 6620 6640 6660 6685

Time difference (ns)

Con

CFD Ratio 3030

Maan [ns] RMS5 [pz]
10177 o3

Nb

ence Distibution

Time differ

Time ciistance between : and
wect INL @ Ona0if
Ewclude ditarce below 5 2000 ns and above 7/ 20.00 ns

Fitted Mean (ns) Sigma (ps} FWHM (ps)
Alter gaussian it 0177 oz 1628

of binz inTime Histe 3 260 Ao [ OnAdiw
Time difference distribution

Nb Of Enliies 47747

1678

151B-

1456

1397 -

1336

1275~

1215 ° '
me  After timing
1093~

1092- M
v correction:
911

AGD-|
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729-|

BEEB-

G077 -
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486
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36d-
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243-
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FIRST RESULTS ON TIMING: DELTAT

MEASUREMENTS

Pedestal &

Pulser: 800 mV Cable delay Se?fatn'lP:fed Systenvaticeall Software
1ns FWHM Box0—640S 4 Gspssampling timing =“INL” CFD
corrections

25 ..
. <15 ps RMS = (22/2) timing
r\ resolution without any timing
20 | S 4k \/"F calibration (short DLLs)
)
E V <5 ps RMS timing resolution after
=15 — timing “INL” correction
o =p=sigma(DeltaT) before "INL" timing correction (11-bit digitization)
=
% =@=rms(DeltaT) after Correction (11-bit digitization) Pr Obﬂbly Setup—limited.
v
Q10 ) o —
E rms(DeltaT) after Correction (9-bit digitization) Same results iﬂ 9—bit/400ns mode
E ,r'._':"."'L‘"'.“,g;Lg:-u,l s L"\ ‘ L . .
5 = ] T T W Probably different with smaller
= pulses
0 Correction of ADC gain spread and
15 5 5 15 25 3 45 55 65 75 non-linearity not applied yet
DeltaT (ns)
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WORK PLANNED OR IN PROGRESS

Herve’s PhD’s defense (Dec 3™ 2013).

Improvement of Firmware and DAQ software for:

Higher readout clock frequency
Better DAQ stability for Fs > 8 GSPS

Offtline-ADC nonlinearity correction

Timing charactetization with detectors/ test beams (2 setup are
available)

Characterization in fastest conversion/less resolution mode

New submission planned for Dec 2013 or beg. Of 2014 with only
minor corrections:

Fix of the 3 identified bugs, Improvement on ADC linearity
Improved “central trigger”

(Pseudo)-differential input ?, Plastic packaging for easier handling

DeadTimeLess chip: end of 2014 or later

AFP meeting, CERN nov 6th 2013
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SAMPICO: SUMMARY

AFP meeting, CERN nov 6th 2013

Technology AMS CMOS 0.18um
Number of channels 16
Power consumption 180 (1.8V supply) mW
Discriminator noise 2 mV rms
SCA depth 64 Cells
Sampling Speed <3-8.4 (10.2 for 8 channels only) GSPS
Bandwidth 1.6 GHz
Range (Unipolar) 1 v
ADC resolution 8 to 11 (trade-off time/resolution) bit
SCA noise <1.3 mV rms
Dynamic range 9.6 Bit rms
Conversion time 0.2-1.6 (8bit-11bit) us
Readout time (can be probably be doubled ) 25 + 6.2/sample ns
Time precision before correction 15 ps rms
Time precision after timing INL correction <5 ps rms
| PAGE 20




BACKUP SLIDES
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SCA

Conversion and readout.
d

data read

* No input buffer.
* 04 Cells/1.5 GHz BW.
* 1V usable range

* Cell structure to avoid leakages and ghosts.

* Continuously writing until triggering. Vin /. :/01
* « TDC » like trigger position marking Vi, i 3 TC’s

* Special design ensuring good quality (constant
bandwidth) over all the 64 samples (even thus
after trigger).

* Optional Region of Interest Readout for
deadtime minimization.

AFP meeting, CERN nov 6th 2013
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Digitization
1 Wilkinson ADC/cell:
— 1.3 GHz gray counter (clock provided by an internal oscillator)

— 1V range , 11 bit max.

— Conversion time depends on the required resolution:

* Slope of the ramp is tunable
* 1.6ps for 11bit, 800 ns forl0 bit, 200ns for 8 bit

amplitude
[

oIV ersl

-.—u C > ‘~ Vramp

7 0y

* “Convert” signal provided by the user starts the simultaneous conversion
of all the cells of the triggered channels

* EOC signal sent back to the user
* Result stored in registers waiting for readout

* Once converted, a channel is already usable for a new event

AFP meeting, CERN nov 6th 2013 23



SIMPLEST OPERATION: 1 HIT, 1 CHANNEL

EnTrig
an also be external Trig. Each channel can be masked.
Thi A\ Edge selection, Program. Thresh:.
In; Na possible delays New Trigger possible
TrigLatch, /éﬁomthis o
ChtoConv “2 10ns « hole » in ChToConv to indicated ADC counter has reached the threshold
1us \

Conv | Ramp + ROsc+ }

Fast gray coun?/
Data <11:0> | MSBs Gray +... K Readout Data Frame
ChtoRead |

/ [
Read \I \
One clock required to finish the frame

DATAOut<11:0> TN

FROM SAMPIC to FPGA

_ TO FPGA from SAMPIC PAGE 24
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MULTIPLE HITS, 1 CHANNEL

EnTrig

Th;

This one is missed This one is caught

/Te*”’

Evenif itis during the readout

In,

DeadTime=TrigLatch.

New Trigger possible x

& from this edge

ChtoConv \! |k

ConV Conversion 1/ Conversion /

Data <11:0> MSBs Gray +... Readout Data Frame l_l Readout Data Frame
ChtoRead |

Read \ \

AFP meeting, CERN nov 6th 2013

\ ChtorRad stays stuck to 1after Read is back to 0:

There is a new event to read !!!
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HITS ON 2 CHANNELS, 2 CONVERSIONS

EnTrig |

Th;
In,

DeadTimei=TriglLatch,

Th A To %o be converted together with Ch,

In

DeadTimei=TriglLatch,

The deatime can reach 2xTConv
ChtorConv stays stuck to 1 after Conv is back to 0:
There is a new event to convert!!!
ChtoConv | /,/}

Conv | Conversion Ev Conversion Ev2 I

<11:U>
Data<11:0 | MsBsGray+.. [ |__JReadout Data Frame Evi I_I Readout Data Frame Ev2 |
ChtoRead |

C

Read | )

\ ChtorRead stays stuck to 1 after read is back to 0:
There isa new eventtoread !!!
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