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An ideal (integrated) Photodetector

e DC power in, fiber optic out
* Integrated photon = electrons = T,Q - data out



From godparent review (last Friday)

LAPPD Electronics Overview

Factors that influence timing Data PC or
@ PSEC3+PSEC4 ASICs VME Crate
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Schedule and system deliveries
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e Addressing all aspects needed to realize integrated PD goal
e Overview only — much fundamental work underlying




Large Area MCPs

Large Area MCP structure:
- Custom photo-cathode

- 2-plate chevron (high gain)

- Transmission line 2D readout

(limit the number of
electronics channels)

Electronics:

- GSa/s Waveform Sampling +
Signal processing

Jean-Francois Genat, LAPPD Electronic Review, Chicago, May 20t 2011



Vm% {— MCP signal development
Photon _ % }:
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Window™ ’m B . \//
MCP signal rising edge: gE = ma tr =1 ﬁﬁm

| = 1mm, E=100V/mm, tr=250ps

- First gap: 10ps

- Assume 2-stage pores TTS of 20ps

- Anode gap: 10ps

- Noise: 20ps
Total is 32ps

(Measured Burle-Photonis 2" x 2" is 30ps)

Jean-Francois Genat, LAPPD Electronic Review, Chicago, May 20t 2011



Understanding what matters

Tirnang rezolution v= S/M ratio and Analog Bandwidth
Sample rate; 1065

Transit Time
I\IOisedetector
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The Factors that Limit Timing Resolution, University of Chicago, April 28-29, 2011



Picosecond timing and 2D position for large area detectors:
delay lines and Waveform Sampling

Delay line readout and pulse sampling provide fast timing (2-10ps).
—> Delay lines should have a signal bandwidth matched to the detector

Fewer electronics channels for large area sensors

Pico-second electronics Pico-second electronics
tl’ al ) g t2/ az
18 |
16+
3.8 ps translates in 190 pm position s 3.8ps
. . 14+ a -
resolution with 50 photo-electrons JF Genat
12F | sopes
i 10umm, 2.5kY
Iz (t1+ tz) = time oF |
v(t]_-tz) = |0ngitUdina| pOSition e gtk rms=3.79ps

2 o, a, /X a;, = transverse position o

The electronics contribution to spead is small:
3.8ps / sqrt(2) = 2.7ps,

I
For 50PEs, MCP is 30ps / sqrt(50) = 4.2ps, equal at 100 PEs O




Understanding signal coupling

Key issues:

e Optimizing signal coupling (strip width, gaps, impedance)
 Matching analog bandwidth for signal transmission
e Coupling into the readout ASICs

Godparent review - Hervé Grabas



Copper strip testbench

Simulation

Marme

X b

W

Cutoff Frequency

40500

Measurement — good agreement

Godparent review - Hervé Grabas



Important test

benches

N

Mock tile
Configurable strips

Coupling tests with readout boards
And ASICs, as well as SMA tests
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PSEC-3 + PSEC-4 ASICs 1

Sampling Rate

# Channels
Sampling Depth
Sampling Window
Input Noise
Analog Bandwidth
ADC conversion

Latency

Internal Trigger

4.3mm
2.5 GSa/s-17GS/s

6 (or 2)

256 (or 768) points
Depth*(Sampling Rate)!
<1 mV RMS

1.5 GHz

Up to 12 bit @ 2GHz

2 us (min) — 16 ps (max)

Voltage [mV]
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Eric Overla LAPPD Electronics + Integration GPCreview ] 7]



Voltage [V]

5/20/2011

PSEC-3 Noise, linearity, bandwidth

Eric Overla LAPPD Electronics
+ Integration GPC review

Input noise o CHA
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Dominant % i L \ ) ble PSEC-4
8 | -
source from £ oo L 1 VEry usable,
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in PSEC-4 design e & . 5 mVv ™
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Chicago Hawaii ASIC, Multi-Purpose (CHAMP)

Develop new circuit elements, train additional students in the

RN NNEENENRE NN NENRNNERENE

IBM 130nm process

Many useful
building blocks,
will allow

increased
- functionality,
. more compact
= implementation

-
[

¥2 / ndf 3.005e+14 / 4092
p0 0.001913 + 0.000000
p1 0.0002931+ 0.0000000

DAC output (V)
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5/20/2011

sampling rate [GS/s]

previous VCDL postlayout
PSEC3 VCOL postiayout

0 500 1000 1500 2000 2500 3000 3500 4000

K
CH.
C

DAC setting (counts)

AMP low V, VCDL
HAMP VCDL

|PSEC3 veDL

Nishimura - CHAMP & ASIC Options

na
NFET control [V]
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Portfolio of options, leading the way

ASIC Amplification? # chan Depth/chan Sampling [GSa/s] Vendor Size [nm] Ext ADC?

DRS4 no. 8 1024 1-5 IBM 250 yes.
SAM no. 2 1024 1-3 AMS 350 yes.
IRS2 no. 8 32536 1-4 TSMC 250 no.
BLAB3A yes. 8 32536 1-4 TSMC 250 no.
TARGET no. 16 4192 1-2.5 TSMC 250 no.
TARGET2 yes. 16 16384 1-2.5 TSMC 250 no.
TARGET3 no. 16 16384 1-2.5 TSMC 250 no.
PSEC3 no. 4 256 1-16 IBM 130 no.
PSEC4 no. 6 256 1-16 IBM 130 no.

=>» Success of PSEC3: proof-of-concept of moving toward smaller feature sizes.
 Next DRS plans to use 110nm; next SAM plans to use 180 nm.
5/20/2011 Nishimura - CHAMP & ASIC Options



Readout System, beam test configuration
Sk U

Center Card
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5/20/2011 Mircea Bogdan



Readout System, beam test configuration

R L . Center Card S Respin Analog
| i S o

card only for
different ASIC

A variety of data
collection
configurations
possible

Demonstrate
timing
distribution @ ps
level between
modules

5/20/2011 Mircea Bogdan 16



Oscillosco

5/20/2011
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Nishimura - Data Processing & Calibration

araph | Raw output |

pe on a chip? =» Calibration

Wertical Offset: |

Wertical Scaling:

)

[ Display CH Cnline ]OFfIine ]

Copy to.,.

Create Pedestal Save Pedestal |

Create LUT

Event #: 7574 e vt & |

SYMC_USE

Log Daka

Load Padestal Event # on board: 932

Single Event Total readouts: 7574
CH1: 5476

Read Data CHZ: 2
CH3: 5
CHe4: 1

‘ Sawve Spike Histagram ‘

Load LUT
2043 :l 0.600000 ¥
Tr Cancel ‘ . Set Ped Woltage
Init settings
LUT: LUT, Ext
Pedestal: pedestal.txt |ID G5a)s j ||3>cternalJ - j |D
Display: USE

j‘Trigger Thres: 0.00% Init

17




Oscilloscope on a chip? =» Calibration

5/20/2011 Nishimura - Data Processing & Calibration 18



Timing Calibration w/ Correlations

e Plot correlations between pairs of samples:

— To determine At..

i plot V; =V, versus V; + V,

Input signals given by:
V, = Asin(wt, + ¢)
V; = Asin(wt; + 9)

g

2

voltage (my)

]

Effectively rotate by 45%:

.1un5— —y = 'U'i—"\,-"j
150 x? y?
L ] ] ] T ] ] L1 :-dﬂ'i ; 2 .2 \ + ] a9 1.2 iR P —
0 5 10 15 20 25 30 35 4% cos?(wdt/2) = 4A2sin*(wdt/2)
time (s} ' ) '

e jand jcan be adjacent (or not), but cycle ambiguities exist if > 1 period apart.

5/20/2011 Nishimura - Data Processing & Calibration

1
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V .-V, (arb. units)

V.V, (arb. units)

Timing Calibration w/ Correlations

e Ellipse features:

200
150
100
30
0
-50

-100
-150
-200

200
150
100

50

30
-100
-150
-200

* Procedure tested on fast scope data...

—ff <14 |
IR
g

174

— ﬂff5='|] 2
* w noise

—ﬂf5='|].2
--wi pedestals

\
S

/
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[ = P

—fif=0.2
---unmatched gains

-'---JT‘--H-_;;:\;;--\‘.

-200

100 0 100
V4V, (arb. units)

200 -200

100 0 100 200
V .4V, (arb. units)

1) Different At (for known
sampling frequency) give
different major/minor radii.

2) Noise makes ellipse “fuzzy”
3) Nonzero pedestals shift origin
4) Difference in gain between
two cells causes a rotation.

=2 We have written an ellipse
fitter to perform this method.

=>» Even without fitting, it
provides nice qualitative
check on results.
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Calculated At values for TDS6804B

m . ht
402 | (sing 2000 events) swes —wo| W/ scope set to 5 GSa/s:
B Mean 2.006e-10
— RMS 1.82e-12
25— 12/ ndi 45.01/ 40
N Constant wnni:12 | At =200.6 ps
B J Mean  2.006e-10 + 9.803e-14
2{3:— Sigma  1.902e-12 + 8.649¢-14 GA’[ — 1.9 pS
150 \
' Excellent resolution even
o with a small dataset.
5
e o . . Technique verified... next is
0.196

0.198 0.2 0202 0204 e  PSEC-3 data.

TDS6804B Datasheet

Aperture uncertainty, typical Short term:
=1.5 ps rms, records having duration =100 ms =800 fs
rms, records having duration =10 ps

Long term:
=15 parts per trillion rms, records having duration
=1 minute
5/20/2011 Nishimura - Data Processing & Calibration

21



Example Fit w/ PSEC3 Data

Data and fit

samples 2 and 12

3

V-V, (ADC Values)
2

8

-100 -50

0 50 100 150
".I"1+".I"2 (ADC Values)

Residuals in x, y

|samples 2 and 12 ) reancues hiat X
Emiries 100
= Mean -2.795e-05
F RMS 2.749
350 ll RS 2740
300
250
200
150
100~
50 ﬂ
E M P PR B B
=% S0 20 0 20 a0 B0 B0 00
T — .
|samples 2 and 12 | T
= Mean 1245205
35“: " RMS 2639
00~
250
200
150
100
50
E 1 | PP I..I'[Il..l | P PP
00 %0 B0 @0 20 0 20 a0 80 80 100

* Fits are well behaved, converge nicely.
* An obvious place to improve: outlier removal.

22



Next steps — outfit varlous test benches

Hawaii ps-Laser &
Cross-talk

Argonne 33mm .
characterization bench

test bench

Chicago
TOF
mass
spec

+ many others...




Some highlights — since last godparent review (6 months)

1. Further understanding of the processes that limit timing resolution
http://psec.uchicago.edu/workshops/fast_timing_conf 2011

2. A much more fundamental understanding of how to couple the charge
signal into the readout anodes

3. Understanding how to make a electrically and mechanically viable
readout

4. First and impressive test results with the PSEC3 and submission of
PSEC4, to clean up a few, minor bugs

5. Expanded significantly expertise with the IBM 130nm process and
tested future subcircuits on the CHAMP ASIC

6. Fabrication of ASIC evaluation boards, as well as the first tile/module
scale readout boards

7. Exploration of options for large-scale/high-speed readout, with a
number of viable solutions identified

8. Evaluation of calibration procedures, required constants, and data

archiving
24



Electronics Summary

Steady progress, resource bounded
Currently no show-stoppers

Will learn much from first
integrated readout tests

Field-test experience of readout
systems at ANL, Chicago and
Hawai’i

Building toward full system
(timing) beam-test

25



