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Overview

e Update on B-PID (iTOP) DAQ
 Big issue 1Is SCROD

e eKLM prototyping:

* Prototyping status
» Use Belle2link directly?

* bKLM presented separately (Sumisawa-san)

e Schedule for incorporating Belle2link items



I TOP Readout Overview

128 DAQ fiber
transceivers corrix

Giga—bil Fiber \ FINESSE

‘I'Tansceiver Links

32 FINESSE
8 COPPER

Subdetector Readout Module
ASICs

8k channels v
1k 8-channel i I
waveform ASICs il
128 SRM s

On or in Detector

Global Decision Logic

FPGA firmware consists of 3 parts:
1) ASIC/ADC driver (common)

2) Trigger/feature extract (subdet. specific)
3} Unified DAQ transport protocol

Precision timing requires 128
channels high-precision clock
distribution (<~ 10ps)

Clock/Event Timing Distribution

0

Approximately 30m runs




Belle2 barrel PID upgrade: 1TOP
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gaskets) is removed in this
example for visibility.

Electrical and fiber cables
remain attached to electronics
when access panel is removed.

photon detectors

. In reverse, all modules are
charged particle fully cabled before the access
panel is replaced.



A very crowded location!

8k vs. 14k
(CDC channels)
<< 10% of
space!
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First prototype Iiteration results
Disadvantages of Existing Board Stack

* BLAB3 issues:
— Replacement requires re-soldering.

— Calibration requires a front board
adapter to inject test signals.

*  Firmware issues:

— No on-board clock: need clock
distribution to test any firmware.

— Fiberoptic readout only: need
back-end working to verify any
data out.

* Size issues:

— Significant amount of wasted
space.

— Existing modules (top right) are too
big for Belle 1.

— Split module (lower right) where
transceivers are separated from
digitizers might meet size
restrictions, but this is untested
and may not preserve signal
fidelity.




Single Bar System Diagram (New Front End

NEW Front-end Board i "
- Raw trigger data in.

Stack * 4x fiber - Multi R —
_ASIC (BLAB3) control . Multi-module / multi-bar

PR frigger combining.
- Trigger logic / pattern
recognition.
- Trigger info to GDL.

- Trigger data out
- Hit data out
- HV dividing / distribution

< » Back-end Data

- Raw hit data in.

(38S3NI4 L) § (51018 ISSINIL 2)

new_elEr:tronicz_blcck_diagram.pngi - Fast feature extraction
= (chargeftime of hits)
< gl - Hit data out to copper.

" 4 Front-end
* Board Stacks

:fwk':"’“"e"d Board Clock Distribution
«——
o . RE
- 8x CAT6
= JTAG Programming
- 1> )
(FTSW)

*Remaining system pieces are being developed/tested.
—Changes to front-end don’t significantly impact other elements

Calibration studies in Hawaii are ongoing ...



Proposed modular solution

New Front-end Board Stack

Side view Front
ny - Front ron

* Connects HV board to PMTs
4 * Connects PMT output to ASIC input

"'l.’hll
I
Ffrnnt-end mndule.png Hv
- — * High voltage components for PMTs

==
;}f“ I H * Cooling for high voltage components
= ]
= H Standard Control, Read-Out, Data
(SCROD)
* FPGA (ASIC control)
InterConnect _ Virtexa, Spartané
* 2 Fiber transceivers
* 2 Rl45
- Clock Distribution
. = board-to-board connectors - LVDS (JTAG)
* Mini USB — for easy bench testing
Digitizer Boards (BLAB) ASIC Interconnect Board
* Carrier card for ASICs = 1 BLAB3 per * Connects SCROD & BLAB
- 4 ASIC daughter cards per carrier card -Layout of connectors are forced to
* ASIC in-situ testing components * DACs be unique because of size constraints
- e.g., pulser for channel checks * Power regulation/distribution




IDL Consolidated Board Management System (ICBMS)

(a proposal — suggestions how to improve welcome)

This time, the front—end board stacks. Next time, the back—end.

SF_proj_sensor_RevX MB_proj_RevX SPAM_RevX
Special function: Consists of only wiring space/functionality = form factor Standard Power Aux Module
Detector modules +12V, 45V, +3.3V, etc.
Board stack interface E Analog/Dig versions?

A /
FPGA <—:= DB busses
128 channels typ. 125 i o
2x 32 ctrl/data bus v
2x 64 broadcast bus SCRGD_TE X
Standard Control, Read—Out, Diata
3x bi—dir Fiber Tx/Rx
Ix RJ—45 (prog/timing)
L T g UEE_
- - E'T/l;‘. X FPGA of choice
DB_ASIC RevX AC_proj_RevX _kev High—density conn (to MB)
Danghterboard (ASIC/board) Specialized Amp Card Clock/Timing
L 40/150/diff 250MHz
Primarily digital /O EMI sealed BNC/Lome it
BS . RevX Relevant Projects
W
—Proj_ke 1) xFEL Readout (formerly ROE+...) [118 channels]
Board, Special (DB) 2) eKLM prototype Readout [150 channels]
Standard ADCs 3) mTimeCube Readout [6x 128 channels]
Multi-DB functionality (e.g. MUX) 4) iTOP proto Readout [Tx 167 channels]
5) ATF2 xRay Readout [128 channels]
6) IDIRC CTA Readout [7x 128 channels]




mini-TimeCube

Time-Encoded Differential Absorption
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relevant projects and SCROD count

ITOP readout
- [16*8*4*16 = 8192 channels = 64 SCRODs]
« eKLM prototype readout
~ [150 channels = 1 SCROD] (128 in final system?)
. ATF2 xRay readout
—- [128 channels = 1 SCROD] (n stations in final system)
. fDIRC CTA readout
— [7*128 =896 channels = 7 SCRODs]
« XFEL readout
— [128 channels = 1 SCROD]
« mTimeCube readout
- [6*128 = 768 channels = 6 SCRODs]
. total 80 SCRODs needed; take advantage of economies of scale
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SCROD feasible?
(mid-October)

12



brainstorming the mechanical mockup
(mid-November)
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Might work mechanically, if can really fit components...
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mechanical mockup
(mid-Noveb_r)
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SCROD block diagram

2*100 pin + 2*120 pin connectors

power signals to/from ASICS

| }
fiber | «— oscillator
: I
fomper fiber | FPGA «|Cypres
differential oscillator| —»| Spartan 6T
16 diagnostic LEDs|«—]| °/6FC | RJ45
differential oscillator| =—»

enable
jumper

S |« |Mini USB

clock distribution

i

PRO

revision
select
jumpers

RJ45

/ -
M LVDS E LVDS/JTAG
—
«—»|JTAG header

new for SCROD from ROE design
from _eval design from DSP-cPCI design
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status of SCROD layout on Dec 23rd
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status of layout as of Jan 13th:

top six layers

SCROD_RewAZip SCROD_RevAzip SCROD_RexA zipp
Layer: SCROD_RAA.GCI0 SCROD_RA.GC11 SCROD_ReA.GTC Layer: SCROD_RaA.GC2. Layer: SCROD_RaAGC3
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status of layout as
bottom six |

SCROD_ReAzip
Layer: SCROD_ReAGCH

of Jan 13th:
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references and further info

o references:

o http://b2comp.kek.jp/~twiki/pub/Organization/B2
TDR/B2TDR.pdf

o http://www.phys.hawail.edu/~1dlab/task AndSched
ule/ICBMS.pdf

. latest info:
o http://idlab.phys.hawaii.edu/pcb-designs/scrod
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Expected rates: FDIRC vs TOP counter

I. Va'vra, Scaling from Belle-T Aeropel data (1. Idachi provided wupdate on 11718720100

SL-10 MCP-PMT predicted rates in TOP counter:

Polar angle
Theta

[deg]

Number of

PMTs per

e quartz
block

Bar box
volume
[cm’]

Beks
scaling
with L

Rate m one

SL-10
[MHz]

Pixel
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35-130°

30

~2 4x104

25x

~1.0

~0.3

(numbers worked out for a 1-bar solution)

H-8500 MaPMT predicted rates in FDIRC:
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43

~2 6x 104

2Bx

~0.94

~20

D

- 5till many factors uncertam: (a) colleciion efficzency of background phoions, (c) calculated for
a total mtegrated hnminosity of 200 ab™!, need only 50 (Peter Erizan’s comment), etc.
- However, starting from the same assumtions, FDIRC detectors have ~ 2-3x smaller pixel rate, and
8-10x smaller total charge dose/cm? compared to the TOP counter’s detectors.

11/1772010

J. Vavia, FDIRC, Belle-11 meeting




Data link margin (re-visited)

« Can work problem from other direction:
o 2.4Gbps (on 3Gbaud link)
o At 30kHz L2 (100ns window, 0.3% Real Time)

o 24kbits/event for 512 bits/hit = 48 hits/link
o ~200 hits/event/ITOP counter
« EXxpect ~4 background p.e./event

« Maintain > 10x link margin

23



Schedule update

" B-PID schedule

2010 | 2011 2012 2013 2014
Quartz Production
MCP-PMT Production
Electronics Prototype
Structure Prototype Barrel structure
Quartz box
1/4, 1/2 test

24



Important ITOP Milestones

* Experience with chromatic correction in fDIRC
prototype (upgrade to Belle Il prototype waveform
ASIC + DSP feature extraction) [this year]

—
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151 G e

Cosmic test stand @ SLAC i
~400 channels \ ,

e 1/16t™ test system (25ps system timing)
e Beam test (cosmic test) of full ITOP module 25




Major milestone:1/16 system test
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geeryfature extract (subdet. specific) Clock/Event Timing Distributio
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ITOP & KLM Electronics

e US Role in Electronics and Trigger/DAQ

G. Varner 11-AUG-2010 DOE/Intensity Frontier Review 21



Endcap KLM Readout — very similar

112 DAQ fiber
transceivers

Giga—bit Fiber
Transcciver Links

Subdetector Readout Module

ASICs

FPGA

L=

16.8k channels I

1.1k 16-channel

or ADCs

Waveform sampling

AS I CS FPGA finmware consists of 3

13 ASIC/ADC driver (common)

2) Trigger/featur
112 SRM 5 Unied DA

On or in Detector

"3 parts:

transport protocol

¢ extract (subdet, specific)

e e ]
COPPER e MG
[ g

=" | 28 FINESSE

Global Decision Log
Clock/Event Timing Distribution

Barrel KLM Readout
— No ASIC - FPGA as digitizer 2



(150 channels) MB eKLM RevB SPAM_RevA

150x IDL_10_004
BS_eKLM_amp_RevA

2X fiber lin
|
\ / COPPE
1x IDL 10 006 1x IDL_10 011
10x IDL 10 003 _1U
15x IDL_10 032 (RevC) DC_TARGET RevA -
1x IDL_10 007
Purely test cards: SCROD_RevA
2 IDL. 10 002 2x IDL_10 010

BS eKLM_test_ RevA BS_eKLM_MPPC_RevA s



4x4 matrix
MPPCs

i
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Sample (zoomed out) waveform

wwmwm%u

PiLas Laser (LMHz rep rate)
All 15 channels OK

Delivered IHEP Nov 2010
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eKLM Production Amps

b L
\ Production Batch

Y complete

All channels
tested OK



Amplifier test stand

Signal generator (10ns pulse)

33

Amplifier output



eKLM Production Amps

PR YR AT I
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Test card Z00

Production batch of 150 amps tested. 5 needed rework.
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(150 channels) MB eKLM RevB SPAM_RevA

150x IDL_10_004
BS_eKLM_amp_RevA

2X fiber lin
|
\ / COPPE
1x IDL 10 006 1x IDL_10 011
10x IDL 10 003 _1U
15x IDL_10 032 (RevC) DC_TARGET RevA -
1x IDL_10 007
Purely test cards: SCROD_RevA
2 IDL. 10 002 2x IDL_10 010

BS eKLM_test_ RevA BS_eKLM_MPPC_RevA .



Current Board summary (mid Feb dellvery)

'@ KLM Readout for Belle

Eile Edit Miew History Bookmarks Tools Help
@i c 2 [ http:/fwww.phys.hawaii.edu/~idlab/taskndSchedule/KLM/KLM_readout.html

2 Most Visited | | Getting Started 5. Latest Headlines

4 {LM_amps...  [*] Gmail - Rer.. @ 2-{Fv.. W Thelatest.. 15 kTR || Bellel Bellell Trig... Bellell Trig... | | | KLMR... X

Current documentation (25-JAN-2011)

A reminder, the overall system consists of the following set of readout/test boards: [PDE

Table 1: Status of eKLM first quadrant readout deliverables

|]]] Lab Designator | Board Description | Status | # needed |# made | Notes ‘ PDF |Schematic |Layuut
|IDL_10_002 IBS_eKLM_test RevA |Fabricated [1+1(s) |2 |1 to KEK Jan 2011 |[PDF] |[PADS] |[PADS]
|IDL_10_032 IBS_eKLM carrier RevC  [Fabricated  [10+1(3) (15 10t KEK Jan 2011 |[PDF]|[[PADS] |[PADS]
|IDL_10_004 IBS_eKLM_amp RevA |Fabricated |[150+15(s) [149+15 149 t0 KEK Jan 2011 |[PDF] |[PADS] |[PADS]
|IDL_10_005 IDC_TARGET_RevA |Fabricated  10+1(s) |1 [needs testing [PDF] |[PADS] |[PADS]
|IDL_10_006 |CT_Reva Ireview | | |not needed intially [PDF] |[PADS] |[PADS]
|IDL_10_007 |SCROD_RevA |In fabrication | 1+1(s) | |Criical path [PDF] |[PADS] |[PADS]
|IDL_10_008 SPAM_RevA [review | | |not needed intially [PDF] |[PADS] |[PADS]
|IDL_10_009 [MB_eKLM_RevB |Schematics | | |needs DACmon complete |[PDF] [PADS] |[PADS]
IDL_10_010 [BS_eKLM _MPPC_RevA  [kabricated [1+1(s) |2 |completed PDE] [lPADS|  |[lPADS]
|IDL_10_011 IBK_eKLM_FIN_RevA |Fabricated  [1+1(s) |2 [firmware/software needed |[PDF] |[PADS]  |[PADS]
|IDL_10_039 IDC_eKLM _DACmon RevA [In fabrication [10+1(3) | |critical path |[PDF] |[PADS] |[PADS]

1. Production amplifier & carrier assemblies (to bring to KEK Jan 21st -- Gary) [PDE
2. SCROD revision A (SCROD_RevA) [IDL_10_007] schematics [PDE
1. and link to TD Lab SCRDD development blog [link]

A T ATL/,TIT A ST 1 C A T T ATIATIT T AN FITRT 48 Ane 1 ot 37

»* Find: thisam ¥ Met 4 Previous & Highlight all [| Match case

Done




Open ISsues
e Much firmware work needed
e Full-time firmware engineer hired
 Implement Belle2link

» Make “transparent” to rest of Trg/DAQ

o Full time DSP engineer hired (DSP_FIN)

e Use Belle2link FINESSE for eKLM?

38



Endcap KLM Readout — status

112 DAQ fiber
transceivers

Giga-bit Fiber
Transcciver Links

Subdetector Readout Module
ASICs

FPGGA

L=5

16.8k channels I
1.1k 16-channel

Waveform sampling ~— onrmooem
AS I CS FPGA firmware consists of 3 parts:

13 ASIC/ADC driver (common)

2) Trigger/feature extract (subdet. specific)
1 1 2 S R I\/I 3) Unified DAQ transport protocol

e First quadrant test this spring (firmware?)
 next version: TARGET2, Belle2link 2



Summary

e Good progress, much to be done

* Next generation “production prototypes’:

 Evaluate functionality/capability
 Experience with Belle2link protocol
 Specifications? (- Hawali)

 New manpower, need to train

e Schedule resource driven

40



Back-up slides
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Photo-detector: Hamamatsu SL-10

* Micro-channel Plate:
— Operates in 1.5T B-field
— <50ps single photon timing

o Multi-pixel (4x4 anode pads)
* Enhanced Lifetime (Al protection layer)

 Interesting mechanical challenges
(PMT case at HV)

Approximately 1”7 x 1”



SL-10 Timing Performance

| runi1351_ch2_projection | Entries 15600 timing Laser Scan
- - 500 Entries 2245
§ [ v2 I ndf 76.96 /6 - Mean 16.22
g 600 ' E m RMS 0.1382
« F | Constant 656.6 = 17.0 ol 22/ ndf 375.8/ 42
500— B Constant 485.9+15.0
- Mean -0.65 = 0.04 - Mean 16.18 + 0.00
- [ Sigma  0.03837 + 0.00078
400 — f Sigma 1.554: 0.028 300
300— B
B 200/
200
- | 100
100 1 -
N | -
u:. ! | " .(:T .=|3.8'.8588. . '6 74 8517ps Dil U0 Y |J 1 \ | PN JFNS CCRN P N ONNAY N TR N N
-an a0 a n 40 15 15.5 16 16.5 17 17.5
25ps/count time (ns)

* Nagoya = constant fraction discriminator + CAMAC
ADC/TDC

« Hawali’i = waveform sampling + feature extraction
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KLM 15 Ch. Amp test card = IDL_10 002

IDL_10 002 00 HRD Human Readable Document (describe
descendant design, revision info)
IDL_10 002 01 ICD Interface Control Document (all a

designer needs to know if treat board
as black box — typically spreadsheet of
pins with their function defined)

IDL_10 002 02 Schematics (source) Typically PADS
IDL 10 002 03 Schematics (PDF) Easily viewable rendering
IDL_10 002 _04 Layout (PADS) Current edited version
IDL_10 002 05 Gerbers As submitted for fabrication
IDL_10 002_06 BOM Bill of Materials (complete)
IDL_10 002_07 DXF Board outline/mounting holes (opt.)
IDL_10 002 08 Firmware descriptor Human readable: revisions, etc.
IDL_10 002 09 Firmware (source) Current source or SVN/CVS link
IDL_10 002 10 Software (source) Current source or SVN/CVS link
With human readable descriptor 44

And more as needed



High speed Waveform sampling

“oscilloscope on a chip”

Graph |

Comparable A N e
performance to best

CFD + HPTDC =

MUCH lower power, no Ttz g

need for huge cable = i[coH2
plant! T —
Using full samples T ey
reduces the impact of na

noise e

400

Photodetector limited

300

200

NIM AG02 (2009) 438

100

2
- Advanced Detector Research award
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