Development of a sampling ASIC
for fast detector signals
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LAPPD effort overview

3 major axis

Large Area Photo-

MCP & Photocathode Dz eir

Simulation e High QE
photocathode

e Controlled gain
MCP

e Fast rising signal
e High speed
readout

improvement
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Detector presentation

* lLargea
Photocathode

* Cheap : les o
* Fast:~1psec B
Effici t?$<j e
Iclent : uay o : //f;> MCP 2
A A

* Photocathode (2 options Ga-

e MCP1 &2 (ALD coated) Anode
* Anodes striplines (silkscreen) striplines
* Glass enclosure (Borofloat 33)
* Readout electronics
Dual-end
readout

* Nointernal connections (HV via R divider network)
* No pins (stripline read-out) Goal : detector ready in 2 years from now.

Status end of year 1.

Y
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LAPPD: Simulation work

he understanding work done
PMTs detector in the LAPPD

How is the signa
gap (between MCP &

v' How is the signal (E-field) is coupling into &\ ,
the micro-stripline. gl \/[ ATT. AR’ reooes
v" How is the signal propagating along the & |
striplines.

v" Validation of experimental results and
understanding of the detector behavior.

v"  Investigate and test new design to
improve the detector efficiency HESS™ .1

Copiright 1984 - 2000, The Matioss Ins
Faotected by U.5. patents. Sae w1 #ihiws b comip atents
'
J . 1‘ -
e - e
L \ -

’ - ""TH E—
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Electron signal from the MCPs

Cloud size:
expansion is

Electron travelling in the ga
stripline.

The electron time of travel and speed d
rise-time of the signal. Under simulation.

Superimposed pinhole mask for two voltage

Time resolution : Cloud elongation in z-direction creates IRERISESEEAPEO Siegmund (Berkeley)

timing degradation. Under simulation.

Spatial resolution : Pores create a shift in the direction .
of their bias angle for the electron clouds (~*200um Best to work at:

@800V) . * Balanced number of PE
Noise : Photocathode thermal-emitted electrons (1PE v Insensibility to noise
equiv. noise).

Saturation : each pore has a limited output current

v Avoiding saturation

(depending on the MCP resistivity). * High last-stage bias voltage
v’ Fast rise time

y : ’ mq”_,‘m‘ N1\
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Signal development theory

on the tor
for stripline.

The rise time is

electrons in the gap. Under simulation. Photocathode

The fall time is given by the g

(to be verified). Under simulation. MCP1
MCP2

After creation, signals propagate in a micro-
stripline mode to both end of the detector.

.

Bandwidth simulated and tested at 2.5GHz
Field losses when coupling into microstrip lines.
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Signal development results

Propagation in the stripline

L -
expermant
simulation

W e,
lil y

(2.5Ghz, -3dB)

| 1 n P I L il
le+06 1e+07 1e+08
Freq [Hz]

Micro-stripline array typical bandwidth: Micro-stripline simulated in HFSS @
v Measured () 1Ghz.

e
Simulated () 2.5Ghz = 140ps rise time
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Detector simulation

ignal generation and
ipline

v’ In progress
v Challenging

v" Near field
v" Particle in cell
v' Time dependent

v’ Validate experimental results

v" Improve detector efficiency (by better Surface charge induced on the strip as a function
coupling the electron energy in the of time and position

striplines)

4
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Signal sampling — Theory

How to get to the picoseconde

Threshold 2

Threshold
Threshold 1

t Lz t ty

The single The multiple The constant The waveform
threshold is the threshold method fraction algorithm sampling above the
least precise time takes into account is very oftently Shannon frequency
extraction the finite slope of used due to its is the best
measurement. It the signals. It is still relatively good algorithm since it is
has the advantage very easy to results for and preserving the
of simplicity. implement. relative simplicity. signal integrity.

We believe that sampling above the Shannon frequency and fully reconstruct

the signal preserve at best the timing information.

4
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Signal sampling — Theor

How to get to the picosecond

The four models have been

simulated with Matlab. Sampling rate: 40 GSs

For pulse sampling the time is Leading e
extracted with template fitting Muiple thrsshold
using the LMS algorithm. Pulse sampling

-
Lo

The pulse sampling algorithm give
the best results, more noticeably
for small number of PE.

The best readout chip for an MCP-
PMT detector is therefore a
sampling chip.

Picoseconds

10

The sampling frequency is taken to
be 2x the fastest harmonic in the

Signal: 1OGS/S Mumber of Photoslectrons
From Jean-Francois Genat

g )
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LAPPD : Development of a 10Gs/s
sampling chip

Chip characteristics
Technology

Sampling frequency
Number of channel

Number of sampling
cells

Input bandwidth
Dead time
Number of bits

Power consumption

y

Value

IBM CMOQOS 0.13um
>10Gs/s

4

256

>2GHz
2us
8

To be mesured
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ip (basic) internal architectu

Timing Genarator

=

I

=

Sampling
cell #1

Sampling
cell #2

Sampling
cell #3

—

—-

Sampling
cell #n-1

Sampling
cell #n

Output bus
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Timing generator

DLL out

v" The min delay is smaller for smaller
process

v Locking the DLL improves temp.
dependency, jitter, ...

v Current sampling speed : 11Gs/s

Sampling cell value

Voltage

Slow process (2ps) e —
Good linearity (given by the ramp)
Question: number of counter to use (so
far: 1 counter per cell) ?

«

Starts counting Stops counting
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N A

SN

Chip evolution

SCA output ———

Lack of support from IBM (new k input vakse
Wrong ESD protections. : A gt A

Lea ka g es. ‘ 0.0002 . 0.0006 0.0008
Digital part (flip-flop, counters).

60 MHz sine wave at 1.25 GS/s

The relative simplicity.

Has already be fully proven working
(Delagnes, Breton, Ritt, Varner).
Support from G. Varner, E. Delagnes and
D. Breton

=
o
o
2
=4
£
<

More testing in the upcoming month
R N -3e-05 -2e-05 -1e-05 0 1e-05 2e-05 3e-05 4e-05 B5e-05 6e05
(boards and chips coming). Time [s] (Readout at 625 KHz)

Analog outputs from Psec2 before correction
showing cell-to-cell offset (and scope noise).
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System integration

Electronics to detector

s — Detector integration
v' Simple
v' Simple a
v" Being sim
soon

rrest BB
st

Mock-up of the detector assembly
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System integration

Electronics

v" Under development (migh
not be final design)

v" 1 FPGA servicing 4 Psec chip

v 1 clock distributed to every
chip (less jitter)

: Jitter System Clock 40MHz
¢ Cleaner LYDS
:
CDCE62005
Data & Control
FPGA e

Digital Card

: Jitter System Clock 40MHz
3 Cleaner L¥Ds
s |

CDCEB2005

Data & Control
LVDS

Digital Card

e

4
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Conclusion

Few resu

* Electronics part manufe g has been
delayed. We except new result at the end of
this year
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Psec3 Block view

token in 1
read clk1

to sampling
Token 1 }—D token out 1 cells ADCs
.
- ring AZ:X §
—— [ trig out0 _
SCA ADC channel 0 9 oscillators [_|—{ Ring oscillators { 5-2GHz)
Test channel [ controls —-—. ring oscillator monitor
oe channel address | o000
Df address channel select

—| trig out 1 decc| token
SCA ADC channel 1 address

> token address D_ decoder block select

oe to sampling
cells ADCs

M AREAAA |
SCA ADC channel 2 cap D— Ramp generator D—D ramp monitor

oe

gnd 0
signal 0
bias 0

thresh 0

gnd 1

: token
signal 1
bias 1

thresh 1

gnd 2
signal 2
bias 2

thresh 2

trig out 0-4
I

Write clk
(40 MHz)

10-20GS/s VCDL Timing generator VDL out ext trig —ro

Fixed and variable sampling wi U DLL controls g sign [ | trigger 3)41 trig OR
logic

trig enable D—

gnd 3

signal 3

—D trig out3

SCA ADC channel 3 serial

> test input + [ |— [ test ata

Test ADC

e test input - [ | [Jtest

bias 3
thresh 2

gnd 4

signal 4

14 analog

] trig out4 controls

SCA ADC channel 4 3 resets D—

_D_ (ADC, DLL, triggers)

oe
chip output D
enable

bias 4
thresh 4

gnd 5
signal §

bias &
thresh 5

SCA ADC channel §
Timing channel

Test channel Decoders (channel address, token)
> po-11 4 sampling channels Ramp generator
oe Timing channel Timing generator (DLL)
Read controls 1-2 Trigger logic

(token) ADC Test structure
Token 2 token out 2 - Ring Oscillator

token in2
read clk2

[H
LH
[H
[(H
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LH
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Sampling cell

Timing acitance at a

rate of
* Trigger open g

an event at the input.



Test channel sampling cell

Went from M3 to MQ
(gain a factor 2 in lin.res.).

Add anti-fill layers, for
layers from M1 to MG.

Increase the width.

S
N

Tmo/oO|l MA 40

{Cu via)
6 moy/Od

FT40
(W via)

LM OpTIDF‘I 89 mo/O LY 0.46
. . Fy 1.40

LM 055 Eb:Eyelin
M 055 e

va 065

VL 0.65

c 64 mo/D

V1 0.35

M1 029000 71 moyO

CA 035
pc 015l 70O

STI10.35



The 50Q input resistance

 [Adntages | sacuantages

On the board e Canbereplaced ¢ The pad
* Possibility of a capacitance ~3pF
good and input line cap
transmission line ~1.5pF are in
until the series with 50Q).
terminaison. Bwth <1GHz

After the pad Input signal Non replaceable.
won’t see the More impedance
pad input cap. mismatch at the
Bandwidth 1- input of the chip.
2GHz.




|s fast buffer necessary?

Parasitics value: 3.5fF

capacitances

Capacitance

Comparator parasitics capacitance

Vps = constant
VBS: 0

Sampling cell Comparator

Vr Vpst+Vr

<— Saturation —» | €

Non-
saturation




With and without buffer

Offset Offset of the Offset of the comparators
comparators + buffers

Noise Thermic noise of Noise of the buffer added
the 50Q

Readout delay None Buffering delay
Input dynamic Maximum Buffer dynamic

Linearity Degraded by the Linearity of the buffer.
parasitic
capacitance of the
comparator

To answer the question : buffer in 4 channels. No buffers in test channel.




The buffer

e Characteristics:

— 14ns buffering time < 25ns of the write cycle.
— 30V of integrated noise from 1kHz to 10GHz.
— Low power: 1uA/buffer.

— Big offset variation due to process variation
(100mV measured buffer to buffer).

— 1V linear range.



Same architecture as
before.

Latch inserted at the
output stage to be

leakage independant.

The ADC

ADC

Up to 12 bit Wilkinson ADC with 2 stage structure of counter+storage (fast
dff+latch)

1
-
B

latehEN F

In the future, this 2-stage structure could be
tweaked to allow concurrent readout and

digitization (would drastically reduce dead-time).

psec3 design review — ADC




The clock fan-out

Clock fan-out

a fully simulated post-layout. Successfully distributes RO clock to 256 cells up to
about 1.8 GHz.

a drivers can be turned off during sampling to reduce digital noise Note: vdd is
Transiznt Respanze bEing pU"ed

21w L

per cycle. This
is corrected in
the final ADC
layout by
using much
larger power
rails

I Y Y Y Y Y Y B N N Y Y Y Y Y L

Post-layout sim @ 800MHz

psec3 design review —- ADC




The ring oscillator

ring oscillator

improvements

o ‘frequency select’ option: duty cycle of RO departs from 50% @ f<1GHz, so to
run slower, send 2GHz through divide-by-4 stage. Gives clean clock up to 500
MHz.

o ‘RO_enable’ option: RO is free-running, but RO_en allows the fan-out drivers

to be turned on/off (reducing noise).




The comparator

 Two comparators have been used.
o The comparator of Psec2 has been reused

o A fast, high gain, new comparator has been
used in the test channel. -




The trigger

schematic/layout

: / Same dff+latch as in ADC
i Accommodates both pulse
polarities (by setting SIGN bit)




The token read-out

Token readout

a Shift register with one-shot logic
a Same design as on PSEC2 (worked as expected)

ken 64 layo

a Token made up of 4 Tok_64 blocks
a Readout blocks of 64 cells: 1-64 65-128 129-192 193-256
a Address data with Channel_select and Token_block select + Read_Clock




