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Agenda

High speed waveform sampling

— BLABLI pathfinding results

— Power, form-factor and cost advantages over conventional
(CF)D + MTDC

BLAB2 prototype results

— Initial test results
— Understanding limits - BLAB3

Applications — medium sized DAQ systems

— Fast focusing DIRC prototype
— Imaging TOP (1iTOP) test bench

Lessons from B-factory timing



Affordable High Speed sampling

Amplitude [V]

PMT pulse comparison
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Design Basis: Buffered LABRADOR (BLAB1) ASIC

::;  Single channel
::\ e 64k samples deep,
— same SCA technique as
—— LAB, no ripple pointer
- » Multi-MSa/s to Multi-
:1 — GSa/s
e 12-64us to form Global

trigger

_ Arranged as 128 x 512 samples
3mm x 2.8mm, TSMC 0.25um Simultaneous Write/Read
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BLABI -- NIM
A591 (2008) 534

e Comparable performance to best
CFD + HPTDC

e MUCH lower power, no need for
huge cable plant!

e Using full samples significantly
reduces the impact of noise

e Photodetector limited
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BLAB Density and Cost

Storage Depth Capacity
e 16 Iinput channels ;
e For large-scale systems, :
cost very competetive e

Array Linear Dimension [mm]

Cost per Channel [2007 $]
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BLAB ASIC cost estimate

Based on actual fabrications
or quotations from
foundaries FY2007
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BLABZ2 — places to improve

e Addition of gain (lower PD gain)
— Increase sampling depth over LABRADOR
— Improvement on BLAB1 bandwidth

» Faster, more stable sampling

— 2x BLABI1 sampling rate
— Explicit (continuous) delay-lock

e Reference channel

— Translate timing between devices

— Decouple various contributing effects

* Trigger Functionality
— Basic Discriminator Logic

— Local zero suppression
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 Buffered LABRADOR
TABLE II. BLAB2 ASIC Specifications.

Item Value
Photodetector Input Channels 16
Linear sampling arrays/channel 27 6
Storage cells/linear array 517
Sampling speed (Giga-samples/s)|2.0 - 10.0
Outputs (Wilkinson) 32

Integrated
Photodetector

packaging

24

Trans-Imp Amps

el

BLAB2 ASIC

Trigger and flash
encoding

6 x 1024 samples

16

A 4

Per channel

BLAB2 sampling

BLAB2 ASICs received September

PRO1 sampling
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Sampling Speed (GSa/s)
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Sampling Speed and noise
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BLAB2: pix noise

Entries 10000
Mean —-0.009308
RMS 1387
¥/ ndf 2625/12
Constant 1945+ 249
Mean -0.02317+ 001409
Sigma 1.384+ 0011

1 l 1 L | I | 1 L I L 1 1

-2 0 2 4
voltage (mV)
Eval board USB?2
-Win XP
- Linux
- Mac OS-X

80 ASICs total

(1280 channels)
[448 needed f-fDIRC]
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ADC counts
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gain (dB)
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Frequency Response (with TIA)

Each channel has 6 storage rows of 1024 samples

(512 NMOS and 512 PMOS interleaved)
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High Density Readout
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Giga-bit
Fiber
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=
cPCl g
Crate g
N
(Linux)
e Up to 7x64 channels per cPCI card e(\:/g)rizgﬁ
e Very portable DAQ y

e Up to 32,256 channels/cPCI crate Very cost effective, board hardware
already exists, firmware/software dev. |14
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Cosmic Test Stand Deployments

Status and Plans of the BLAB Chip -- October-08

A TS

7 x 64chan H8500

SLAC: t-DIRC test stand

UH: phase 1 — 192 BLAB2 chan.
phase 2 — 2k BLAB2/3 chan.
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Focusing DIRC Prototype (T-492)

Beam spot: 6 < 1Imm
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Test results: timing slot 7, pad 15
to Philips slot 1&6
for run 27, pos 1, direct photons

nEEOoEanE LR T

Slot 1 Slot 2 Slot 3 Slot 4 Slot 5 Slott Slot 7
Burle 85011-501 Hamama atsu H-8500 Hamama atsu H-9500 Burle 85011-501 Burle 85011-501 Burle 8501 1 i 85011-501

New BLAB-based Readout ST
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2 1 ndf 504.8 /240
220 L [TrT T[T rrrprorrT TT T T T MNarrow Norm 1711+ 3.7
= Narrow Mean -0.000702 + 0.003574
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E e o | .
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Decided to upgrade all channels to new BLAB electronics

delta(time) (ns)
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Continuing SLAC Tests

e LCLS Operations

— Parasitic running possible, but
— Rad safety system in ESA

e Moved to nice cosmic stand

— 1 mrad resolution
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Imaging TOP (1ITOP)

Concept: Use best of both TOP

(ttiming) and DIRC and fit in
Belle PID envelope

Side view of crystal _
/charged particle

crystal

Y

backward-going - L

PMT + Base
~11,000

PMT's
BaBar DIRC
Purified Water
17.25 mm Thickness Light
(35.00 mm Width) Catcher \\
Track \
Trajectory \
x / PMT Surface —/x
NS :
T + ;
rBar i‘ — J ™ Window 2t Standoff Box

7 T
91 mm— ~10mm
L_/f 4.90m — r 1.17m

4x1.225m
Synthetic Fused Silica
Bars glued end-to-end

K
ed
—7

» Use new, compact solid-state photon
detectors, new high-density electronics
» Use simultaneous T, Oc [measured-

» Keep pixel size comparable to DIRC

Status and Plans of the BLAB Chip -- October-08
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(too) Simple initial idea

Flat mirror surface E!N:TOE(}BaSE
-1 PMT's
J
Schott SF5T (n=1.84T) : 2.5mm e
Taper angle = 40.3 deg : Fom 2.3mm (V) x Smm (H) pixels 17.25 mm Thickness Light
= ' i 44 % 54 pixels (35.00 mm Width) Catcher \
i . Track Y
bar (n=1.45) + i 4136 pixelsiplane Tieey ,
— = —mmlbhb e == = =
4 2dem 424em 1lem e $\ / i PMT Suﬁace/11
B \
T : r ar #a - ] J ' Window el Standoff Box
i 91 mm— 10
em : Sem 490 m — |- .IT 1 mon W e
: 4x1.225m
AR coating i Synthetic Fused Silica
1 Bars glued end-to-end

of the 1

Readout Board




Stand-Off Block (SOB) Coupling

[ iTOP: <N1>=1.473 |

3 ; '~_‘_I""':;:_..\ T PR
ERTEPT_g® o -

transmission coefficient

SEEEE RN

44 x 92 pix/plane = 4048 channels
16 bars x 2 ends x 4048 = ~130k channels

Status ¢

Problem 1is, once get in, hard to get out...
Exploring a number of concepts
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GEANT4 Simulation

-

viewer-0 (OpenGLImmediateX) (on fish2l.fishnet.hawaii.edu)

Kurtis Nishimura/Larry Ruckman

Time [ns] vs. x-position [mm]

photon_time
8

asof
m:
e

oE et b e M D [

Time distribution for x-slice |

Separation comparison - 2 GeV
P p

Ralafiva Saparation Powar

24

Time [ns] vs. y-position [mm]

photon_time

o wa wes  1sa e 1z 124
phaton_y
Time distribution for y-slice |
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22
20
18

=
III|III|III III|III|III|III|III III|III

| =e=2GeV - (x.y.1)

— — L

Separation comparison - 4 GV ]

Falafiva Saparation Powar

T30 740
Supplement of palar angle

—a— 4GeV - (xt only)

14

12

10

|+ 4GeV - xy.1)

110

1 _L_ 1
120 T30 748
Supplement of palar angle

romising, need to test
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Cosmic Test Bench

. Quartz bar test bed — 128 drlft tu%array

Precision Timing Block (T=0)
Radiator viewed by 2x (4x) fine-mesh PMTs 23




Cosmic Test Bench - Infrastructure

.
——

e 128 channel
Discriminator
and TDC board

(TRAMP)

w‘E h

e

USB2 link
(drift-tubes)
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Tracking Resolution Sims.

2 deg. ¢ =70 deg.

O =

0.3mrad

~100um

25




G4 Simulation
e Studying optimizations for image planes

X viewer-0 (Open| § | track.in - Kate

File Edit Document Wiew Bookmarks Tools Sessjions Settings Window Help

i X viewer-0 (OpenGLImmediateX)

[: Filesystem Browser o Documents

Status and Plans of the BLAB Chip -- October-08

[ L < ¥+ | Fe s NURM Track.mn

4] i [ Talv] Find in Files =8 Terminal
¥ (Fs _XP [Runnir in & ruck314@ruck314-laptop & Installin ¥ (s win_XP [Running] - Sun | ruck314@ruck314-laptop & Installing GEANT:
Ty — . ¥ . Vo L1 s = > :
& |=5 iToP_vo - Dolphin W track.in - Kate X viewer-0 [C] |53 moP_vo - Dolphin % track.in - Kate X viewer-0 (OpenGl

e 100% avall. beam, test different concepts — GEANT confirm 26



Photon detector options

MCP-PMT (H-8500)
— Will use for initial testing

e Study realistic time resolution
e Use BLAB gain to extend lifetime

— Demonstrate timing at lower gain

SIPM/MPPC

— Good stability, 100ps TTS (N=100 p.e. - 10ps)
— Need light guide to make
— Radiation hardness?

Linear arrays
— Started evaluating (good vertical resolution)
— Packaging considerations

Miaro-pixel: BSxBSLm?

=~70%

9240um

NEW
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Initial Quartz bar test

width (mm)

e Simple proximity focus into H8500 PMT

. |

! e, —
M - ...'
=

Status and Plans of the

Fiber-link




]

Height (mm)

40

Full Image plane test (40mm SOB)

e Proximity focus initial

QU

30

- N
o o o
T TTIT[TTTT T
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target (100mm ITOP thickne

s e
n L
G | ¥] -
ma L
R = | B w1
B e =
L 5 ! -
o = 1 -y
. s
- o |t a
=
= [ &
-
an

SS)

% 40 20 0 20 40 6
Width (mm)
120mm (W)
x 100mm (H)
X 40mm (T)

2.4k pixels shown

e For good coupling will need to taper versus position

October-08
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nkvesty WO3F5 L 'i‘LI.!__IJ_-LE:aLlinall!ﬂ'{l.Sn.‘Lﬁwnec]
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Lessons from KEKB Timing

(1)

Fiber-optic distribution
RF clock
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Continuous hit recording

Referenee Time

Fimt pulse T
I i
Clocr igligigligigigigigh
: ; : (lane)
iﬂ-:i;hr-:-pm:ad. — T | :
i i i
Ramp m !

Cuipui
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200
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Trying to understand performance

o Whlle basic Belle TOF performance good:

Wanted to understand limitations
Acceptance and Trigger efficiency
Nuclear/hadronic interactions
Higher Luminosity prediction

e Full GEANT simulation:

Full simulator [NIM A479 (2002) 117].
Accurate modeling of secondaries
Detector response and readout chain
Adjust parameters where required
Include beam background

GEANT

Get hit informaton :
Wlomemum, Time, Position, Enegy loss

08

Maln slmulatlon

Scintlllator

Scintillaton light emission

Light propagation

Photo electron productio
S1gnal pulse producton Lp@

Beam Background

Random trigger data

Dilscriminator

If pulse height > HL
then make T, () output

Merge 1

‘ Consider the QTC dead time etc. !‘

Final output
T,Q

32



Estimating performance

e e e ——
o (Q: what does this mean for BESIII TOF?

Belle BESIII
Spec. guess? Spec.
RF/IBCO| <35 ps 35 ps <35 ps
uncorrected t=0 ? ? within run
Discrim. Overdrive ? ? could be calibrated
Beam bunch length] 2.5 mm 8.3 ps 50 ps 15 mm
Time Encodi-ng <20ps 22 ps ?
(~42 ps)

TOTAL <40ps ~45ps < 45ps ? looks difficult

« GEANT/full simulator contribution:

% > 100ps — “known” ~ “physics” = 40ps

(Belle detector/KEKB environment dependent)

« In summary, can parameterize:

Gary 8. Varner, BESIII Meeting at THEP, June 2002
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Sudden shifts, no obvious KEKB correlation

Experiment 17

TO [ns] 008 T For R1-807 : Expas
O 1 L
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a1 - S praz ity | @
L -3 —
I o ' 0.06 g
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[ g C ,H *
. i oo Eallls kR R4 L by R
oan - n ...-_.::r-;.:-.i.:% ] . . V MR 4 .
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- . I
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e -0.01
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1 2H ach 400 0 ELD T a0 [

Run number
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Bunch number distribution for p-pair skim events
2008/07/17 16.25

Bunch number distributions for mupair events.

4500 [ A —— N T M 10%..
| | | Entries 341134

-------------------------------------------------------------------------------------------------------------------------------------

Beam abort gap Bunch numbers Exp65

4000 \[
3000

2000

1000

U due o non-TOF trigger, maybe

B 1
a 1000 2000 3000 4000 3000

Bunch numbers Exp55

Exp65

Exp55

Fine structures
due to Beam Fill Pattern
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Lessons from KEKB Timing (1)

dT= (T, - T,,,) distribution in ns

2008/07/17 18.25

(tobs—texp) distribution for Exp85 and Exp55

oo s s s i ! ffmo 2001
s B i | Entries i 337752
0.005 3o (1(\{1} .Q. Meclr'j : 3[159.
E E H H H H v S 2 C_
o (LP,::).“H N b | LRM S 19d 35 prrrrpr [TTT T[T T T T [TTT1g
1 3y ; : : : - H i H H -
LI s . 5 ) :
= il o - H ]
20 S_O'OOD ............ t(1'<1‘ (L} o o (f)(:) <J) ......... , Exp65 _ E H 3
P M e o 25 ]
—0.01 FTy 5‘? ; 3 - -
: HT @ T 2 =
0.012 ' @ E 3
i : : '& 15 C B
—0.02 1 1 1 L L 1 | L | L 1 | L g - .
0 500 1000 1500 2000 2500 3000 3500 4000 4500 S 1 E .
m ]
bunch no. ExpB5 0.5 H ' 1 H B
0.01 T T 7%][}? 0 L1 | [ | L1l | [ | LT

4asyzi 0 1000 2000 3000 4000 5000
3141,
1 \};{}8_ EXpS 5 Bucket number

0.005

20ps o ; _ .
0.005 I~ 'Lrl' 1Ij'i|-:—]1'|. — S

—0.01 |~

| | o
—0.015 e SR S — {:-l-i:‘]}[f']

L 1 :l L L 1 i L J L 1 J L

-0.02
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bunch no. ExpS3

Beam phase (deg.)
Status and Plans of the BLAB Chip -- October-08



BLAB Summary
e BLAB2 readout of MCP-PMT signals

— Photo-detector limited
— Impact of systematics, reference timing distribution important

« BLAB3 in works

— Lessons learned from TIA experience
— Explore higher bandwidth, participation in 40GSa/s ASIC

* Compact, integrated photodetector readout
— Commission 2x 500 ch. systems in ~Dec. (BLAB2 based)

— Demonstrate windowing, online T, Q extraction

— Results from these systems next time



Back-up slides
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Cosmic Test Bench — mech. Stabllity

20,000 (in)

5.000 15.000

Rigidity and stability are excellent

=

PN

5
L

s
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Cosmic Test Bench — Sag analysis

Only 25um max.
deflection

20,000 (ir)

5,000 15.000

Status and Plans of the BLAB Chip -- October-08
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time (ps)

186

184

182

180

178

176

174

172

170

Temperature Dependence

Sample aperature (172ps = 5.8GSa/s) fﬁ
0.2%/degree C /g.{‘iﬁ
(can correct)
y = 0.4378x + 160.84
R® = 0.9991
: Matches SPICE simulation
25 30 35 40 45 50 55

temperature (degrees C)
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Buffered LABRADOR (BLAB1) ASIC

e 10 real bits of dynamic range, single-shot

Measured Noise

1.6V dynamic range

12U
. Cell Noise
- Entries 10000
B Mean -0.002435
1000/~ AMS 0.9714
B ¥ | ndf 57.31/29
L 1 mV Constant 1151+ 141
800 Mean 40.02482 + 0.00971
r Sigma 0.9649 + 0.0069
600—
400(—
200|—
- L L Ll |
-6 -4 2 2 4 6
voltage (mV)

Status and Plans of the BLAB Chip -- October-08
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voltage (mV)

Limitations 2a: Interpolation Error

Tied to Bandwidth Issue

10
>0 Are 10 samples/ns along
(()) leading edge enough?
-5
-100 il l Need 100:1 interpolation for 1ps
-15 *i ! And aperature jitter at < 1ps
200 *’
-25 g
-30
-350 , , w w ; ; ; |
0 10 20 30 40 50 60 70 80 90

time (ns)
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Constraint: kTC Noise

Desire small C for better Input Coupling, cell size

Impact of Storage Cap size

Ig

o Read 0g

& T e e For 1V useable input range
T b oo

|—¢—‘er5

Vo= kT =0.23mv For 78fF

stere

1
Ref point
T ) et poin

0 50 100 150 200
Storage Cap [iF]
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Simulated Performance vs. SNR

300MHz ABW, 5.9GSa/s

Time Difference Dependence on Signal-Noise Ratio
(SNR)

N
(@)

P P
™
voltage (mV)
GE883EvEs8bons

P
N

v

[EE
o

3 325 35 375 40 425 45 475 50 525 55
time (ns)

Time Difference Resolution [ps]

o N B~ O

10 100 1000

Signal Noise Ratio

Status and Plans of the BLAB Chip -- October-08



Another Constraint: Leakage Current

Less of an 1ssue for BLAB2;
Smaller window (readout faster) << ImV

600, |

-400[

-500[

-400

-500

600

Frequency of current drain in LAB3 cells I _Info
Entries 65536
T00— Mean -197.3
c RMS 95.55
600
S £ S o F
E o E "} 500
@ @ B
om - o &
£ 00 8100 £400—
g S -
a —
- 200 =
-200 = 200
-300f -300 100

:uL“J.----J-L..l._J J i I RN AR T A
-‘H)I][I -900 -800 -700 -600 -500 -400 -300 -200 -100 O

Current Drain (mV/sec)

4 6 8

Time (sec)

III 1 1 1 L1 | L1 1 1 L II Ll 1 Ll
10 12 14 16 18 20 22 0

8 10 12 14 16 18 20 22

Time (sec)

Sample channel-channel variation
~ fA leakage typically
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Sine fit zero-crossing residuals

4OOMHZ Slne wave Cvcle interval

— Entries 31772
2400—

- Mean 2.469
2200 RMS 0.011
2000/ |
1800/ After basic linearity and
1600 bin-by-bin correction
1400 ~11ps mtrinsic (~8ps possible)

B |
1200— : -\ ]
10001 i |

800/ o / | Lops
- i Linearity
600 m__ | \ only
400 I T
200[ - - T
: ] ] ] ] | 1 ] ] ] | | ] ] ] ] | ] | | ] ] | | ] ] | ]
8.2 2.3 2.4 2.5 2.6 2.7 2.8

Extracted Period [ns]
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Pedestal Stability

- Entries 7.423961e+07
10" £

E Mean 1.808
106 E_ RMS 2.759
10°F
10* F
10°F
10°
10 ¢

-

-50 0 50

(Warm - Cold) in mV

AT = 17C (ot ~ 24hours)
~0.052mV/C



e 50% PDE

— 350nm UV cutoff
— Perfect bar

Trigger Simulations

e To be conservative, use much
lower threshold in estimates

[  Forward Region | ( )
= :
5 mE— | e 2GeVK- o2*
Z = | e 2GeV pi- o’
i TE o
z =
g 150 —
= =
% 100 —
5 =
g =
= ®
0 J—A—W - T - — T80
Incident Angle from IP [deg]
[  Rear Region |

a = o
& T w
ﬁ 120 —
3 100 —
g =
5 80—
£ =

60 —
P E “
i = — ®e

e = oo

ok =5 T ’WWW———

Incident Angle from IP [deg]

October-08
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Trigger Simulations

e Assume 50um pixel (MPPC) as reference
— 270kHz dark count rate
— 44 x 92 = 4048 pixels/plane (2 planes/bar)
— If require Nhits >20 (in 4ns window), 2ns pipeline

= 1 Singles rate < 10Hz
© 40
0p)
& o
10
— Real charged track
2 0 rate dominates
=
L% 10°

X-ray/gamma background
Negligible
IEEE TNS 49 (2002) 1705

| I25I I 1 I30

Nhits 1n 4ns window

Status and Plans of the BLAB Chip -- October-08

50



Trigger Simulations (better TTS)

Rate can increase

— 1MHz dark count rate

— 44 x 92 = 4048 pixels/plane (2 planes/bar)

— If require Nhits >30 (in 4ns window), 2ns pipeline

2 Entries [2ns bin]

© mm I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| [ TTTTIT

=9
(=]
o

Singles rate 0.5MHz

Real charged track
v| | rate dominates

L,=C(3,32) L3 1
9.9kHz && CDC

I5I | | I10II | I15I | II20I | | I25III 30
Nhits in 4ns window
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Trigger Timing?

e Use FPGA (simple) pattern recognition to improve

e 25cm segments ~ 2ns trigger timing, within 200ns

Status and Plans of the BLAB Chip -- October-08
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Readout ASIC tiny
(14x14mm for 16
channels)

Shaahhahhahbaseiy
o Jahannhunnebhnbae ot

 What gain needed?
— At 10 gain, each p.e. =160 fC

Status and Plans of the BLAB Chip -- October-08

Gain Estimate

— At 2x105 gain (better for aging), each p.e. =32 fc _Rterm | 1p.e.peak
50 ImV
— In typical ~5ns pulse, Vpeak = dQ/dt * R = 32UA 1k 20mV
* R =32mV * R [kQ] (6.4mV) 20k oy
b)



RGC_TIA Circult

! J [ &%
Cmd: Sel: 0 Status: Ready T=27 C Simulator: spectre 52

Tools Design Window Edit Add Check Sheet Options Help

% K

Power : about 17mW/ch

v BW : 2pfinput 2pfoutput : 867 MHz
G'J\ 4pf input 2pfoutput : 768 MHz
@2 Input .Impedence . 340hm

. [| Transimpedance : 5K
Ak I Max Input cu 150uA
w Output range : about 0.65-1.7

& Optimized

}-/ BW : 2pfinput 2pfoutput : 920 MHz
~ 2pfinput Ipfoutput : 1.05GHz
= *I Ke Wang (IHEP)

.
T

K

L
4| =

O\ é YE

mouse L: M: schHiMousePopUpi ) R: schZoowFiti{l.0 0.9)

>

|ﬂ www@locglu icfb - Log: o] - [2CfF 52|58 Library Mar“_] Virtuoso® ||_] Vir‘rucsoﬂﬁ)fl @ 1H30HEM=, 23:10 |:|

=
3
&
f
5
&
i
@
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Simulated Performance

Marker zoomiTools Help ]
@Lahel sl

Transient Response

Transient Response

Eoutrb2 (h=0.00e+00) EMoutrb2 (n=5.00e-02) E@outrb2 (h=100e-01) B maxily "foutrb2" PresultzDir " fhome fuwae/Desktop/mydoc/t
EHoutrb2 (h=1.50e-01) ERoutrb2 (h=2.00e-01) E@outrb2 (h=2.50e-01)

EEoutrb? (n=2.00e-01) EMoutrb2 (h=3.50e-01) EMoutrb? (n=4 00e-01) =

2.0

175

15

[cadence
[ e THEREERE € 1 Riv1 . 1134

= 1.25

<125
=

1.0

75

o 5

0 10 20 30 40 50 &0 70 200

tirme (ns) n{E-3)

o>
e @ @ & 8 @ [ 2 [0 empty ) [ www@loc| Dictb - Log [ ibrary Ma] INEWRGE [y " o a1 s o5 Tiroualii i ol s T © ik
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* Meets specs on previous slide

e 5k 2 ~100mV

» Sample noise ~2mV, 1f match input noise: 13pA/sqrt(Hz)

* SNR 1s then ~50:1 s



Trigger Logic

Ahit

Page 110
Yo S Dhit
E
TRGthreshEzg::5>EaSt \ Page 111 é;
REL %)TA SGND—) e g ok =
. Y, >4
TRGbias[ >, .page 199 N . .
| =
//

4,.38um x 19.32um = 84.,oum”™?2 TP P
P Too [E”——< Wbias

~450fF ‘
| !éé Y Pacge 61

e Analog (Sum of # Ch. ON) & Digital OR output
e 1-Shot or Raw comparator output



Storage Cell

006

BLABZ Storage Base Cell (B2 sample cell)

[ >sHout

[:)SHout

P—<:]UEHLS

PIXin[ > ‘ITF*<:]RAMPp

PIXin[ > ilj
) g

- rgpE W o- l1eLe - -
e CMPbiasN[:>——{ noo L
o - CMPbiasP[:>—~{

Capacitance = 201 * 21 ~ 5.18 um™2 * ~4.8fF/um™2 =~24.9fF

s

e Storage Pair configuration
60.0um x 4.1um
— n/p sample strobes ©




relative signal power (dB)

TDS Scope (=1GHz ABW) Measure

6(I)O 760 8(I)O 960 1000
w -3dB ~600MHz
*
»
. . %
e All RF corrections applied 3
e Some residual slope *y‘
e Nothing much above 750-800 MHz S .
i
o
Vool

frequency (MHz)

October-08
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Limitations 1: Analog Bandwidth

Difficult to couple in Large BW (C 1s deadly)

At what point stop getting useful

information?
photon For a PS
E | voltage
aceplate of 2.4kV: .
Photocathode ™ o | A For I'CSOlVlng
MCP otoelectron d ~6mm| AV, ~200V .
nominall <<
Dual MCP * — AV, ~ 2000V tme 1 OpS,
tmm Gain ~ 10° Ramo’s
E(x,D,AV,,AV,,Gain) D=5mm | AV,~200V Theorem
W 7_ m (nominally) .
Anode ——— X 1mportant

f,45 = 1/20ZC
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Performance versus Random Noise

5.9GSa/s

12
10

Time Difference Resolution [ps]

o N A~ O ©

Simulated Time Difference Dependence on Noise

y = 0.2376x2 + 1.413x + 0.3391
R? = 0.9998

1 2 3 4 5
Added RMS noise [mV]
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Performance versus Aperture jitter

5.9GSa/s

Time Difference Resolution [ps]

=
o

O B N W b~ O O N 0 ©

Simulated Time Difference Dependence
(ImV RMS noise)

y = 0.2376x? + 1.413x + 0.3391
R? = 0.9998

5 10 15 20
Added RMS Aperture jitter [ps]

25

30
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Performance versus Baseline jitter  |5.9GSa/s

(timebase jitter study)

[EY
o

y = 0.2376x% + 1.413x + 0.3391
R’ = 0.9998

Time Difference Resolution [ps]

O K N W » O O N 0O ©

Baseline jitter [%]

Simulated Time Difference Dependence

0 0.005 0.01 0.015

0.2%/degree C
(not locked)

0.02 0.025
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Limitations 2b: kTC Noise

Need small C for Input Coupling

- IEEI

2.5

0.5

Impact of Storage Cap size

For 1V useable input range

100 150
Storage Cap [iF]

200

|—¢—‘er5
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Limitations 3: Systematic Errors

Experience with running Belle TOF System for ~ a decade

Any jitter/shift/jump 1n reference time
1s fatal? (differential measurements)

Experiment 17 Experiment 19
T0 [ns] TO [ns]
I 1] 1 B ID 1
Eririen o BT . Entries 299
[ Hean _":;ﬁ.{l 0.1 bt Mean 569.4
ol - RS i o RMS 352.7
: -3 - i
-??-:-:ﬂ.' ' L _
WL .05 - VR
[ TS A L=
oan oo S S .
o 5y
r. i 8-
u L
—0.05 -
- 200ps jump!
—ons L
—a1 | 0.5 |-
' o2 -
I T T T R I I I I ST B B P
e 100 200 300 400 2S00 600 700 BOO 900
Run number Run number

e Run-by-run T,
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Voltage (mV)
g

-Guulll IIIIIIII
0 2 4 6 8 10 12 14 16

=
T TT

-200f
-300[
-400[

-500[

Limitations 4: Leakage Current

Need small C for Input Coupling

Shouldn’t forget about, especially
after radiation damage

=
T 11T

Voltage (mV)
2

-200
-300f
-400

-500

__ N T T ST T T T N T ) oo e o by by ey g 1 'Gﬂu__

Time (sec)

1 1 1 L II 1 Ll 1 1 1 11
18 20 22 0 2 4 6 8 10 12 14 16 18 20 22

Time (sec)
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