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« HCAL Trigger DAQ Overview
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— DAQ Crate
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— Motherboard
— Link Receiver
— Logic Board

« HCAL Readout Controller (HRC)
e Data Format

e System Tests
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% HCAL Trigger/DAQ l- e

LEB 2001

 Digitize scintillator pulses every BX

— Pulses occupy ~3 BX periods (25ns each)
— Dynamic range required is about 104 (14-15 bits)
— QIE (custom floating point ADC) used

* Reliably assign energy measurement to a

single BX for Level 1
— F.L.R. filter implemented in FPGA (ala FERMI)
— Synchronized across HCAL+ECAL for input to Level 1

 Transmit data to DAQ on L1A

— Zero Supression
— Formatting
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CMS

HCAL FE/DA

LEB 2001

Readout Box (RBX) DAQ Crate
(On detector) (in UXA)

' Raw Front-End Data
(One Charge sample
per Bunch Crossing)

\\

Readout

HPD Module

Triggered
L2 Data

Trigger
Primitives

1 Level 1 Trigger
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% HCAL Channel -

LEB 2001

Region | Towers GOL | Trigger | Crates
Fibers | Towers
Barrel 2,160 720 2,160 6
Outer 2,160 720 0 6
Endcap 2,160 720 1,728 2
Forward 2,016 672 144 6
Overlap 864 288 144 6
Total 9,360 | 3,120 4,176 26
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Z HCAL DAQ Crate Wl B

501
e 9U x 400 VMEG64Xx Crate
e Controller (HRC)

— Commercial CPU/Bridge J

— TTC Fanout N

 Readout Cards (HTR) !

— Front-end data in (GOL)

S-Link 64
— Level 1 Out (Vitesse CU) Generic Links
— Level 2 Out (LVDS)

« Data Concentrator (DCC)

— Level 2in (LVDS) x 18
— S-Link Out x 2

1 Gb/s
Vitesse Cu

Level 1 Trigger
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%J HCAL Trigger Reado_ e s

 Level 1 (Trigger) Path

— Energy Sum and Bunch Crossing Determination
— Output Trigger Primitives to Level 1 synch’d to BX

* Level 2 (DAQ) Path

— Zero-supress Level 2 data (energy filter)
— Package raw data plus trigger primitives
— Send to Data Concentrator every L1A

* Implementation
— FIR filter for bunch crossing (ala FERMI)
— Single large FPGA for core logic
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HCAL Trigger

"LEB 2001
Crate Fanout of BCO, Clock
Local BCO, Clock i
FE
e T I e
Serial Primitives
T e R
24 or 48 Channels Trigger
[ |
Energy Sum, BX Identification J
e
N>
N>
N Level 1+2
» Data
To
—” DCC
>

>

L1 Delay pipeline, Derandomizer,
Zero-Suppression, Data formatting
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HCAL Trigger Read

E2001
Timing Inputs (TTC)
FE data Inputs: _»| DESER VME
8-16 digital serial fiberszg:: OPTICAL Interface P1
- — *| DESER
16-72 Trigger Towers —a RX " &
800 Mb/s - 1.6 Gb/s \ _ Config.
DESER (FPGA)
Level 1 and Level 2 data to DCC LVDS v
<= Tx i
16 bit x 40MHz
<« | SLB-PMC FREA

(ECAL design)

Trigger Primitive outputs Trigger Path
= -———| DAQ Path

1Gb/s copper link -

< SLB-PMC
(ECAL design)
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HTR Demons

Altera APEX ;
Logic FPGA %

T

LEB - Stockholm - 2001 - E. Hazen

T —

: B = B

"LEB 2001

Status:

Prototypes Built/Tested
New Design using GOL
Links underway




HCAL Data

"LEB 2001

DAQ Out
Slink 64

From HTRs

Trigger
Data Out

Slink

LVDS Serial
80MB/s

Spy Out
VME

> Fast Status
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HCAL DCC Prototype

PC-MIP Mezzanine Cards LEB 2001
3 Channel Link Receivers

¥

\
_ \
: S Data Concentrator Logic PMC
—| (O
= TTCRX Overflow Warning
ndllis Fast Busy
0 :: g PCI >
% = 33/32 Universe (HERLE
s |8 ol ™ pelvvE
= JU Bridge
= 33/64
T — I Y B wa N
e | |0
o —| O SDRAM
s T1dY
3 |=
“Zle . to RUI
mall= PCI S-Link (64) LSC -
== 33/32
—— ] . >
s S-Link (64) LSC i
B Data Conc.
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HCAL DCC Mot

@

LEB 2001

PC-MIP Card  — PMC Card (oversize)
3-Channel T .
MHz
LVDS PCl bus 1 E
Recelvers  [pc-MIP Card 3.3V
7] 430
DCC
PC-MIP Card Logic Universe || ME
E} Cl Board WAERC] 64x
Bridge Y
PC-MIP Card E} 3.3V E
33MHz
PCi bus 2
PC-MIP Card T 64
-
PCI
Bridge X
T 33MHz
PC-MIP Card 5V PCl bus 3
E} I 5V
PMC Card PCI busses give
TTAG T | (Standard) access to all devices
Test/Config cl'o?ﬁ?lol Spare PMC Site for monitoring

13 September 2001

LEB - Stockholm - 2001 - E. Hazen

13



HCAL DCC

i, -w

LEB 2001
PC-MIP sites i |
- = — I
I—— | ‘ B c - 0 ¥ 2 - i
J ::_ 0 o= ] Q00 III
Universe |l =
" ) : VMEG64x
7 = _ VME-PCI Bridge 4 (Geographical
Addressing)
[ : - : PMC Connectors
l AR, PCI Bridges
i T.l. PCI2031
. Status:
‘ ‘ 10 Produced
; and Tested.
e No known problems
. Local control | P
| ' _! - Flash memory, JTAG
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% PC-MIP 3 Channel

3 “Channel Link” LVDS receivers
PCI target interface

On-board logic:
— ECC (Hamming) plus parity
» Correct 1-bit, detect multi-bit errors
— On-the-fly Event Building
— Event number checking

— Overflow warning (discard data
payload on overflow)

— Missing header/trailer detection &
repair
— Monitoring:
» Count of words, events, errors

» Status update on “marked” event for
synchronization of monitoring

— Status: 20 second-generation
prototypes build (design is done)

13 September 2001

LVDS Serial Receivers
(i.e. National Semi "Channel Link)

\

—=| DS90CR286

SSRAM 512kx32

Link A

DS90CR286
Link B

—

ALTERA
(ACEX 1K130)

DS90CR286
Link C

—

Link Receiver Board(s)

FPGA

g

LEB 2001

512k byte buffer
Per channel

PCIl Bus
(32 bit
33 MHz)

(PCl Interface and
readout/monitor logic)

Logic Board

3 2 1 —I_

3 2 [

1

3 2 1 —r

L

V]
Event Fragments
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Event Fragments
combined during
PCI bus transfer
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CMS

DS90CR256A
Channel-Link RX

13 September 2001

PC-MIP 3-Channel

LEB 2001
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CMS

DCC Logic

LEB 2001

L1A 2 Events max
FIFO
Level 2
FIFO 200 Mbytes/s
Average
Level 1 ~100MHz DAQ
-—' FIFO Processing ’ FIFO '
Summary
FIFO T
33MHz x 32 bits aro |||
Two busses
Level 2
FIFO
Spy
—> —>
Level 1 FIFO
FIFO
Summary
FIFO

4
Monitoring (via VME to CPU)
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%l DCC Prototype

LEB 2001

 Features:
— On-board TTCrx controls operation
— 3 Altera FPGAs for PCl interfaces JTAG
(use Altera PCI-MT/32 core)
— Xilinx Virtex-2 contains all other
logic:
? Event Builder Trerx SHEINIS 8
* Monitoring
» Buffering (DDR SDRAM interface at S-LINK
800Mbytes/s)
« S-Link output (32 in demo; 64 final) PCI1
— On-board flash memory for FPGA
Initialization PCI 3
— JTAG Interface
e Status: _p 2Mx32 1
— Prototype PCB Working s 1Mx8
» Continuous DAQ transfer at 80MB/s FLASH

demonstrated (one PCI bus only)
— 274 Prototype layout done
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DCC Prototype Lo

P,N DCC-demo 4,2001 S.X.Wu % 244 “ PCI-1
_ : 32 bit
Paatansnanssassiiasiiniss : 4 33 MHZ
’ﬂ"f{'.!_ . ."-;2-_1__ | ril | HTR inputs
T 1 - ' 1-9
PCI3 | - o 25 - .,{..'.'.'..“55 a -
64 bit o o . g TTCRX
33MHz QU4 . ..;.",, ,m,,,—“_fﬂ PCB (back)
I_ DDR SDRAM [ }f? Y
Ak | - —
: ik | Ne— Xilinx o=
: ii i XC2V1000
o3 fT-.r
PCI-2
32 bit
33 MHz

HTR inputs
1-9



IChs. |

DCC Prototype Lo

Lifee LM LW LEeag
I T B )

PEREFREREREREDRBEDEERERBDE R

, S Llnk 32
LSC

L BT T

L ) & r.thr 41
E u



LEB 2001

S-Link LSC o L=
(Transmitter)

.h;L H

B Spare PMC Site
for Testing
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HCAL Readout C

e Run Control
— Initialization, shutdown
— “Slow” monitoring via VME

— Error recovery:

* Monitor status registers of
modules via VME

* Report serious errors via DCS
» Reset/Restart on command

e TTC Fanout

— Fanout encoded TTC to all
modules

— Fanout Locally Decoded CLK,
BCO to HTR modules

— 12C Control of local TTCrx

"LEB 2001

Custom 6U/9U Adapter

LVDS

(3 pairs)
To HTRs
And DCC

12C

From TTC
Optical F/O
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@] HCAL DAQ Da

 Data format follows TriDAS
Guidelines - =2 > 5 5 231 0y T

« HCAL payload: (details t.b.d) *
— Raw QIE (ADC) samples
— Level 2 Filter output
— Trigger Primitives
— Zero-suppression mask
— Error summary:

 Front-end errors
e Uncorrected Link errors

e Synchronization errors 6 %% 44 13 L
. . —

We will stay tuned for updates to the
data format -2 2> >

LEB 2001

03 313 1613 3 0

5055

] 56 55 23

=1 [=1 I'-===| I‘-='==I

I=II=I
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system Tesis [ S

 Radioactive Source Calibration Test
— NOW at Fermilab
— Record data at 80Mbyte/s for detector calibration

— Uses demonstrator hardware for all system
components and verifies basic functionality

e Test Beam — Summer '02 at CERN

— Record data at realistic LHC rates
— A few hundred channels
— Uses (2"9) prototype hardware for all components

— Verify high-rate operation under realistic
conditions
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CMS

Summ

Front-End:

— RBX Mechanics/Cooling Designed+Prototyped
— Readout Card prototypes under test

HTR:

— 6U Demonstrator prototypes working
— New prototype with GOL under design

DCC:

— 9U Demonstrator prototypes working

— No major changes anticipated for production
version (significant FPGA coding remains)

HRC:

— Use commercial CPU for now
— TTC Fanout Design Done (U.1.C.)

Major Concerns:

— QIE Performance
(pending prototype tests now underway)

— Performance of 1.6 Gbit GOL link
— HTR/DCC FPGA Design — Quite complex

HCAL RBX

HTR
Demonstrator

DCC
Demonstrator

VME Pentium
CPU ;
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Backup S
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HCAL DAQ Bu

LEB 2001
HTR DCC
L1A 40MHz 128kb FIFO _
»1000 events (2) 33MHz 32 bit
PCl busses
*-_:m'/'/ ~ 100MHz 8Mb Buffer
Processin
PC| 9 > 4000 events
i PCI Event
32/33 Builder
PCIl
; L

Derandomizer
Buffer Protected
against overflow by
trigger rules

Link RX logic
discards data when

13 September 2001

LVDS link speed
same as HTR
output logic = no
bottleneck

[18 Links per DCC]

FIFO “almost full”
(block structure
maintained)

S-Link64
Interface

LEB - Stockholm - 2001 - E. Hazen
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Busy/  Overflow
Ready Warning

To Trigger
Throttling System

v

Level 2
Data
To RUI
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% HCAL Timing / L1A

TTC Fanout (1 per crate)

=]

LEB 2001

 Fanout Both:

— Encoded TTC signal

» For synchronization with
incoming FE data

PIN Diode (individual skew control)
O e Decode « Decoded BCO, CLK
FEE * For synchronization

across all HCAL and
LVDS F/O LVDS F/O ECAL of TPG to Level 1

 Similar to ECAL solution
(J. Carlos Dasilva)

HTR Cards
» BCO, CLK (TPG)
Decode
TTCrx FPGA —» BCO, CLK (FE)
» BCO, CLK (TPG)
Decode
TTCrx FPGA —» BCO, CLK (FE)
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% HCAL Controls and- e

LEB 2001

e Fast Controls (via TTC):
— L1A, Start Run, Stop Run
— Reset (complete and partial — need to define!)

e Fast Monitoring (dedicated signals to TTS)
— Overflow Warning (buffer full above preset limit)
— Busy/Ready (reset, start/stop completed)

* Slow Monitoring (link errors, loss of sync, etc)
— Counters in FPGAs collect information in real time
— Reported via CPU
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BC \ 4
Ch1A ’ Ch1A data,
address 7 LUT /16 Level 1
Ch1A data
20 bit frames Frame Bit —% _
? 2
40 Mframe/sec ? Cap? Bit 2 Cap? Error Bit /
Ch1B data
ChiB / Chi1B data, DCC
address 7/6 LUT /16

? Input: Bc—A
? QIE 7 bit floating plus 2 bits ? cap?

? Lookup table (LUT)
2 Convert to 16 bit linear energy

? Pipeline (? Level 1 Path?)
? Transmit to Level 1 trigger, buffer for Level 1 Accept, 3 s latency

? Level 2 Buffer (? Level 2 Path?)
2 Asynchronous buffer, sized based on physics requirements
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PCI Develo

LEB 2001

e PC-MIP Cards

— Use adapter in standard PC

motherboard PC-MIP to PCI Adapter  PC-MIP card
— LRB Prototype was completely (Commercial) Under test
developed before motherboard

e VME Motherboard

— Test all sites with standard PC-
MIP and PMC cards
* Integration

— Integration of motherboard and
mezzanine cards was quite
smooth

« PCI Interface logic

— Use Altera Core (motherboard
and logic boards)

— Own design simple slave for
LRB

PCI Test Setup

Standard PC Motherboard
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CMS

Flash ADC Q

LEB 2001

Bins: 16*1 + 7*2 + 4*3 + 3*4 + 2*5 (total of 64 units = 480 mV, 1 unit = 0.3 GeV)
Ranges: *1, *5, *5, *5; Pedestal is in bin "3".
Calibration uses additional subset of comparators *3.

Energy (GeV)
0.1 1 10 100 1000 10000
1 ;
1
—e—QIE arror
0.1
— —&— det. res.
S 85%/SQRT(E)+5%
i L F - - -k - - gxtra error
& )
A ' _
. '.
| LA
0.01 = . L ey 3
= = i N
- L = ""'__,‘lgf&k ] T
Y 55. Bl VN R
F Y F Wy AL
"I‘ hhl.
Y
0.001 I B | | |
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