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|. Detector Configuration
II. System Architecture
[11. Physical Configuration
V. Discussion of ASIC

V. Summary

See:
www.hep.anl.gov/drake/linear _collider/040213 meeting. pdf
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e Anatomy of the LC RPC

Cu Ground Plane

~
Signal Pick-Up Pads ~ ©Glass RPC
Etched in Cu ~
FR4

—
i =z
[ 7 ‘\//'
7 1 Printed Circuit Board
Cu Signal Return Plane

® |onization in Gas of RPC Induces Signal on Pad(s)
m Fast Current Pulse Flows Between Pads & Signal Return
® Pulse Size Dependson Gas& HV - Streamer vs. Avalanche
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 Anatomy of the LC RPC (Cont.)

m ToMakethe Prototype Hadronic Detector:  Particles

1 Cubic Meter "Prototype"
~400,000 Channels of RPC Readout
(Assumes 1 cm X 1 cm pads)
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 Anatomy of the LC RPC (Cont.)

m TheNatureof theLinear Collider Hadronic Calorimeter:

¢ PadsarelcmX 1cm® Signal Pick-Up Pads
Creates Fine Segmentation Etched in Cu
+ Concept of “Particle Flow FR4 <
Algorithms” to Analyze < 3
Energy Deposition ]/. ﬂ
+ And yze Hits (D| g|ta| Iy), T~ ] 1 Printed Circuit Board
Instead of Measuri ng Pulse Cu Signal Return Plane
Height

» Trade Wide Dynamic Range, Tower Geometry, Sampling Depth
for Low Dynamic Range on Many Channels

= A 1-Bit ADC!
= Well-Suited for an ASIC



DEt eCtor Electronicsfor RPCs
'ea‘ Configuration Feb. 13, 2004

p.6

 Anatomy of the LC RPC (Cont.)

Signal Pick-Up Pads

Etched in Cu \

FR4 <,

<—165 . /

——

e 1 Printed Circuit Board
Cu Signal Return Plane
= Thelnstrumentation Job: » Primary Goals:
+ Receive Signals from Each Pad * Cheap Electronics
¢ Discriminate Signals as “Hits” * 1 Bit Dynamic Range

+ Analyze Hitsin Time to Observe * Large Number of Channels
Tracks
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e Front End
Front End Back End
m Custom ASIC === — — 9 === —
+ Resides on Chambers 5] g Il |
: | = || |
¢ Performs Functions: . L S S
® g Cor?ciftralor VME i
» Receive, Process, & | — B e |
Discriminate Detector | 3] cison .J_- . | 12 b
) 21 asc P Channel
Signals | o | rger | |
» Timestamp Hits, & Record ' 7] @ [z 5w L' |
Hit Pattern | —> Chips & Trigger | |
L - - _ L — _
» Temporary Data Storage
» Seria 1/0

Trigger System Timing System

¢ Can Sdlf-Trigger, or Use
External Trigger

* Services 32-64 Detector
Channels
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’ Front End (Cont.) Front End Back End
m Data Concentrator: r—— - — — — I == — 7
+ Concatenate Serial Data ! z| e N |
Streams from Several : . 1 : : | e :
Chips® Multiplexer o Eff|eme o |
+ Drive Serial Lineto 1] & NS Sy Sy P

_m ASIC ) Channel
Back End Read-Out ! . 1 e ||
Electronics FE T et |
+ Handles Control L _/%/l_ —
Interface

+ Handles Trigger
Interface

Trigger System

Timing System
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 Front End (Cont.)

= Data Concentrator (COnt ) To Front Ends To Back End
+ Actsas Funnel for Data
¢ Adds Chip ID to Data

Ch00 «— «€«— Clock

- : Data —> Data
+ Has Bufferi ng . Concentrator < Control
+ Has Flow Control
—>» Trig Out
Chnn «<—» <€— Trig IN

» Needed to Reduce Back-End Cogts -
Expensve VME

» Relieson Low Trigger Rate
» Exploring Implementation with FPGAs
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 Back End
Front End Back End
= VME Data Collector: r— - - — — - a9 == — —
+ 9U x 400 mm VME R N |
. . | = | | |
* Recelves Serial Data . L S e
® 2 Cor?ciftralor MVE
Streams from Several L =L 1 | |
Data Concentrators | & Cieom .J_. . | 12 P
_m ASIC ) Channel
+ Stores Datain Buffers :* . : : e :
+ Dud Buffers: Data I s C‘;"ﬁzig’;"v | |
Written into One While L _ _ L 7 — _ _ |
Processor Reads the
Other Trigger System | | Timing System

® "Buffer Swaps’
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 Back End (Cont.)
= VVME Data Collector
(Cont.)

+ Conceptual
| mplementation:
9U x 400mm VME, Sera
12 Inputs Data

/10
+ Receives Data Streams
+ Buffers Read from VME

+ Also Provides Control on
Separate Path o Bufers
+ Extensive Use of FPGASs
- Provides High Degree
of Flexibility

1
1
1
1
1
1
1

Control

l_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_l

= [
0[]
— [
=
=[]
[]
[]
[]
[]
[]
[
[

VME Inte face
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e Back End (Cont.)
= VME Processor: r—- - - - - - ar —— 7 7 7
+ Buffer Swaps Coordinated ! 1| & N |
by VME Timing Module :* . 1 : : | e :
using ISRs S Hflewe g |
+ Read Datafrom All Data 1 & - ; N [t |
Collectorsin VME Crate ' LI e | |
+ Forms Time Frames from :+ G LE : l :
Timestamps (~1 Sec) Lo _/}/L S

¢ Sends Time Frames to
Trigger Farm for Trigger System | | Timing System

Processing
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System
Architecture
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Front End Data Collection Crate

e Back End (Cont.)
= VME Processor (Cont.)

From
Timing
System
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e Back End (Cont.)
. Front End Back End
= Trigger Farm: r—— - — - — 9 === —
+ Receives Time Frames 5] e | | |
from All VME : - 1 : : | e :
Processors in System e Hff|ee o |
+ Uses Timestampsin 1] s e N P
. _m ASIC [} Channel
Pattern recognition | . I rier | |
Algorithm to Find :+ o e : | :
Tra.cks I_______/;/I__“___J
+ Write Good Datato
D| §( Trigger System Timing System

¢ Discards Junk
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e System Overview (Cont.)

Front End Back End
> ArchitectureBased Upon .~ | [ |
Assumption of Low L 1 1 |
Trigger Rate (® LC) D e T
> Events are Tagged at oo L SO
Front End to Allow L . 7> T |
Processing L atency R |
> Event Reconstruction Like L — — _ ~ _ _/;/_ = _ _

MINOS

Trigger System Timing System
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e ASICs On'Chamber 8 x 8 RPC Cell Array

m Basic Cdll Grouping 8x8 (Part of Single RPC Chamber)
Cdls

= Design Multi-Layer Printed
Circuit Board
I ncor porating Cell
Structure and Routing of T
Detector Signalsto Chip

ASIC on Other Side of PCB
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 ASICs On-Chamber (Cont.)

7 A Concentrators
Serial Lines
Data, Control, Trigger

® One RPC Chamber Consists of Several 8x8 Arrayswith Chips
m Arrange Data Concentratorson Outside Edge of Chamber
® Design Issues. Digital Noise, Buried Digital 1/0
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e ASICs Off Chamber

PCB with
Pads &

GND
\

ASICs

Top & Bot “~RPC

2 T 2 2 2 2 2

= =~
<—— Data

7 X7 Concentrators
Power Serial Lines
Data, Control, Trigger

One RPC Chamber Consists of Several 8x8 Arrays, No Chips

m Signalsfrom Pads Routed to Edge on Internal Layersof the PCB
Arrange ASICS and Data Concentrators on Outside Edge of Chamber
m Design Issues: Crosstalk, Routing Layers, Capacitance, Noise
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e ASICsOn or Off Chamber

PCB with
Pads &

GND

ASICs
Top & Bot

“—— Data
ul A Concentrators 7 A Concentrators
Power Serial Lines Power Serial Lines
Data, Control, Trigger Data, Control, Trigger

» R&D Planning in Progress

to Choose Best | mplementation
»Basic Functionality of ASIC (M ostly) I ndependent
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* Implementation with Other Detectors

Parameter Linear Collider  Linear Collider NUMI Off-Axis Linear Collider
RPCs GEMS RPCs Scintillator

Type Avalanche (Gas) Streamer Solid, Si PMs

Geometry Pads Pads Strips Tiles w/Fibers

Capacitance | 10-100 pF 10-100 pF 110 ohm ~10 pF

Transmission Line

Smallest ~100 fC ~5 fC 1pC ~100 fC

Signal

Pulse Width | ~5nS ~3nS ~100 nS ~20 nS

Rise Time ~2nS ? ~10 nS ~5nS

Largest ~10 pC ~100 fC ~100 pC ~10 pC

Signal

Noise ~0.1 Hz ? (~10 Hz) ?

Rates

Env. Noise Low Low Mod (High) Low

Susceptibility
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e Basic Architecture

Front End Amplifier &
Discriminator Senses Hits
Above Threshold

24-Bit Timestamp Counter
Runsat 10 MHz
Comparator States Clocked
into Shift Register

Save States & Timestamp on
Ext. Trig. or Self-Trigger
Serial I/0 — Separate Data,
Control, & Trigger

Services 32-64 CH

e vy

¥ Yy Yk

—-»>
Inputs =7
from
Detector ~]

Yy *'° ¢

GSEL —mt
PREATTN-9

TMODE

Control I/O Driver/Receiver

4—p Control

Qinj | DAC]|

Clock &
Control

*—FIFoCcLK

[4—{DATCLK

[rimestam, p| Pipeline
Count 24b x N

Mask Register

—» Pipeline

> Pipeline

1bx N
Pipeline
1bxN

Pipeline
1bx N

Pipeline
1bx N

Internal TriggerDecision Logic

1bx N

Readout Buffer (FIFO)

Data Output Driver

®butput Control

b-DIff Serial 1/0

» Data

Amp/Discrim

Pipeline
1b x K

Trig Control

TINT

X
]
3}

[FINT DLYD d—l

Trig I/O Driver/Receiver

nb-Diff Serial Out

Yy TRIGOUT

< EXT TRIGII

<
1b-Diff
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Amplifier/Discriminator
m 3 Functional Blocks e s contd

nb-Diff Serial 1/0
3 m 1F1 Qinj | DAC
p I Ier = E Clock & % X
slsd2 x £ Control ¢ e
+ Discriminator EEEES -
o
* Pre-Attenuat
e-Attenuator B
I VIV .
. — Pipeline o _
1bx N i o
Q [y 2
Threshold — = ol < =
PREATTN* ! §’ Pipeline 5 e
N 1bx N = 5
. 5 @ =
A/ - g o — 5 s » Data
—» 2 Pipeline = +
Input Inputs —::D-' ’% 2 lng E 2 nb-Diff  Serial Out
from g from © =} — g 5
Detector N Detector | X > g Pipeline @
. Discriminator 1 g 2 1bxN
Amplifier =
L 2. g o .| £ .
- P . < . 5
_A L] L] L] 8 L] E
= 5
T Pipeline =
Pre-Attenuator . ™ . 2
z 1bx N R 2
PREATTN PREATTN Pmﬁ ] [ Pipeimne |_ 474 3
Amp/Discrim 1bx K —l
oz x ©
Trig Control 5z 3890 ¢
TMODE —t— £ o
= 1b-Diff
#—» TRIGOUT

Trig 1/0 Driver/Receiver

EXT TRIGII

<
1b-Diff
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o Amplifier/Discriminator (Cont.)

m Amplifier
+ Receive & Process Charge
Pulses

+ Output is aVoIta%e, }
Proportional to Charge Input v e >—Ll>

* May Have Shaping  Discrminator
+ Requires 2 Selectable Gains: — —

~1 pC/V (Aval anChe RPC), [ Pre-Attenuator [
~0-1 pC/V (GEM) PREATTN PREATTN
Set By GSEL

* Process Negative Charge

+ May Be Single-Ended Input
(But Requires Return Current
Path)
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o Amplifier/Discriminator (Cont.)

m Discriminator

¢ Compare Amplifier Voltage
to Threshold Voltage

o Latchif Over-Threshold ... b >_L>

+ Latch Only Once per Pulse oo “ piscrmi

+ Register State on Clock . —
Edge, & Reset Latch [
- No Time Over Threshold

¢ Threshold Voltage Common

to All Channels

® Need Amplifier Offset
Compensation
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o Amplifier/Discriminator (Cont.)

m Pre-Attenuator
+ Needed for RPC Streamers
+ Can be Voltage Ampl ifier, oREATTI Threshold

with Resistive Termination b
(110 Ohmsof Trans. Line) @ o

+ Attenuate Signal by ~X10 i mpir DT

L& gl
+ Must be Differential, to _Ajﬁ_
Handle Pos. & Neg. Charge [ preAteniacr |
* Output isa Current,
Compatible with Amp

¢ Switch Inwith PREATTN
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* Internal Trigger Signal Formation

= Form TINT from “OR” of
All Discriminators, Conrl 10 orverecer R
Evaluated at End of Clock S ;  Cooe x

N 4
5 g.'g x £ Control g

Cycle HE : x
; y
= TINT Used for: ] Foeine
+ Send Signal TRIGOUT to . —
External Trigger System = I it I
+ Sdf-Trigger for Data o e wo | £ |5 -
= Copy of TINT is Delayed, we T 10 B £ |G
Used to Capture Datain Self- e >4 1
Trigger Mode I :
PRE?j'EF\;\I I%:m :> Pligiane 1 3
Trig Control é é 9%

Trig 1/O Driver) /Receiver ., EXT TRIGIN
-Diff
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e Pipdine & Timestamp

= Pi peline: Control 1/0 Driver/Receiver g Somo
* Pipelinefor Ext. Trigger CPT].  5 coke =z s
Decision - il —
+ Bit Pattern Shifted Through - T R A
Pipeline with 10 MHz Clock ji _$_¢
+ Store Bitsin Read-Out Buffer - o |
on Trigger Accept T | Epreemeb o |2
* 20Stagesof Delay =2 uSec | s>+ £ 1o S fommh f | S,
= Timestamp: oreeor s > " ‘gﬁﬂ,i?i.we,& 8
+ Timestamp Counter Runs at - - = [ ]
10 MHz - 100 nS Resolution | < | ¢ e
+ Store Timestamps in Read- ﬁgﬁ Ao s
Out Buffer on Trig. Accept |
* Reset Counters Globally Trig Control 4 % 238
1/Sec - Need 24 Bits " e e
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* Triggering Data for Readout

. 2 Tr i gger M Odes Control I/O Driver/Receiver T Vsceorglrcl’/‘o
* Sdf-Trigger:
» Auto-Generate Trigger * :
Accept from “OR” of MAI I
Discriminator States > o Trpene] 5 |
» Timed to Capture Event of et I B R e
Interest at End of Pipeline ::|>+ ot g [ 2 | S
V'S External Trlgger De\eclor::|>-— E | ol E:’ kailrivne & a
» Receive Signal from i |
External Trigger System Iﬁ sEES T
» Ra:]lﬂ red T| m|ng PREATIN 2] e Tgex“;?e 11; y
Determined by Pipeline e G :
TMODE ——pp| E ot
Depth Trig 1/0 Driver/Receiver < , > ;if‘?;l‘:sl
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e Triggering Data for Readout (Cont.)

= Trigger Mode Set by External Contol V0 Ervertmacarar e Conio
Pin TMODE .

m |n Either Case, Trigger Accept
Writes Event Data from Pipeline
into Readout Buffer

Clock & 3%
Control 9
L

imestampd Pipeline
CCCCCCC 24b x N

241
—> Pipeline
1bx N

2 Pipeline
- 1bx N
c

!

» Data
piff  Serial Out

Pipeline

Yy Yy vy

Sy YV
v

Data Output Driver

1b x N

Readout Buffer (FIFO)

Mask Register

a)

ES Pipeline
2 1bxN
=

> Pipeline

% 1bx N W

Pipeline A

Amp/Discrim 1b x K
\ 4
=]
%
o

Trig Control

b

11111
» TRIGOUT

- EXT TRIGI
11111

Trig 1/0 Driver/Receiver

A
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 Readout Buffer

= Trigger Accept Causes Event T |~ "
Data to be Written into Readout Hlidis & o g &
BUffer nmeimp Pipeline \l/
CCCCCCC 24b x NP
» Event Data is Defined as R =
64 Comparator Statesin a ::|>’ L
Given Clock Cycle, Plus S R e R ey
24 Bits of Timestamp ovwr > 5 1ol & [T d |
= Readout Buffer Configuredas 3| : B .
FIFO, Capable of Storing 8 ;3 L e |
EventS PREGASTETLN_—: AmoDiscrim ; P]i.gexlilze [ ) AO
= When Readout Buffer NOT USRS g TR
EMPTY, Control Circuitry ————2 ] lay oo
Writes First Event to Output

Driver for Transmission
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» Output Driver —
= Receives Events from Readout T, ¢ e ||
Buffer R —
m Serializes Data, & Transmits Using jﬁ —H
Serial Communication Protocol f 7, L :
+ Handshake, Flow Control ;g i Hl s o
* Parity, Start, Stop, Data Bits e 3> | | ] |8
+ NRZ, Framing, ... Pl HE
= Bit Slice Using 10 MHz Clock Jﬁgﬁ s e Ea
= Hardware | mplementation: 1
Differential Current Steering — 7

> Prefer Standard, Commercial Hardware & Comm. Protocols
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e Control
On r O Control I/O Driver/Receiver <—r Control
nb-Diff Serial 110
Qinj [ DAC] o i . .
m 3 Aspectsof Control: iz & Cowa § E
S1E4 =S o 3 & 3
+ Provide 10 MHz Clock IS N
imestamp
. | counter 24b x N
» Synchronized Over All e -
- . A A 4
Chipsin System pom S B () O
. - . > —.é Pipeline % £
+ Time-Critical Functions > U
put I:|>~ S d ([reeme] 5| ST
nputs S T 1b x N K] o nb-Diff
» Counter Reset o S S (] 2|
B . S = 1bx N
» Charge Injection AT
] ] L £ [ ] s
+ Static Functions :E Lol [ [ Foerne
z R| &
» Read/Write Registers e L e 1 Tt
Trig Control 5z s g8 g
TMOD E
= 1Oy TRIGOUT
Trig I/O Driver/Receiver » § VEXTTRIGII‘
1b-Diff
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» Control (Cont.)
® Registers: ™ NP o
+ Threshold DAC [ = —
» 6-Bit Dynamic Range L —H
» Common to All Channels =Py ——m Tl e |
+ Mk Rogise =1 1HEL -
» Mask Off Noisy Channels p; <. j__% e HEIN .
¢ Charge Injection | ] :
» Check All Channels Alive :? T [
» Calibrate Against Threshold :—1 o 1“ Ft
(If Have Variable Charge...) rgcomtol | 3% 2 8 ¢
» Calibrate Timestamp o Trigllomivermecewer% - i o

(If Have Precision QINJ
Time...)
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« Control (Cont.)
®m Registers(Cont.): IR
+ Diagnostic Data R —
» Send Known Bit Pattern Out L a _Hpbl

Data Link of Chip s

= Bi-Directional Serial > ] e |l
Communication Protocol e

+ Handshake, Flow Control *:l>‘ AL )

* Parity, Start, Stop, Data Bits :?, _',_‘E

+ NRZ, Framing, ... ] - N T t

= Bit Slice Using 10 MHz Clock | [ racoma 5 50
= Hardware | mplementation:

Differential Current Steering
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®m Primary Goal of Electronicsfor RPCs. CHEAP
+ Low Event Rate (Mostly Noise)
+ Low Dynamic Range (1 Bit)
* Low Clock Speed

+ Funnel Many Channelsinto a Read-Out Board
(VME Real Estate is Expensive)

® RequiresASIC to Achieve Low Cost & Desired Performance
+ Not Particularly Difficult, But Will Require Design Time
+ Chip Has Many Blocks, But Each Block is Straight-Forward
+ Need to Begin ASIC Development Soon
+ Conceptual Design Document Nearly Ready...
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m Still Needing Work:
¢ Front End PCB R&D
¢ Data Transmission Scheme & Format

¢ Other Design & Performance Details of ASIC
(Need Input from Chip Designers...)

+ Design of Data Concentrator
+ Timing
* Trigger
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m |ssues/Questionsfor Physicists:
+ Discussion of Basic Scheme
» Save Hits + Timestamp - Monte Carlo Justifies?
» 100 nS Clock & Timing Sufficient?
» No Time Over Threshold
» One-Fold Coincidence of Internal Trigger
+ Need Understanding of Event Rates, Noise and Signal
¢ Pipeline Depth of 2uS - OK for Trigger?
+ Need Thorough Understanding of Signals
» Shape
» Size
» Range

» Check Numbersin Table! Pictures Would be Helpful.



