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

V. Summary

See!
www.hep.anl.gov/drake/linear _collider/040227 meeting.pdf
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 Anatomy of theLC RPC

Cu Ground Plane
~
Signal Pick-Up Pads  CGlass RPC

. S
Etched in Cu \

FR4

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
m Pulse Size Dependson Gas& HV - Streamer vs. Avalanche
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 Anatomy of the LC RPC (Cont.)
m ToMakethe Prototype Hadronic Detector:  Particles

Particles

Stack

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 The Nature of the Linear Collider Hadronic Calorimeter:

¢ Padsare 1 cmXlcm ® Signal Pick-Up Pads
Creates Fine Segmentation Etched inCu -~

+ Concept of “Particle Flow FRA ~ /
Algorithms” to Analyze <
Q

Energy Deposition \7'
¢ Analyze Hlts (Dlgltal Iy)’ Yl ~ 1 Printed Circuit Board

|nstead of M easuri ng Pulse Cu Signal Return Plane

Height

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

= A 1-Bit ADC!
= Well-Suited for an ASIC
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 Anatomy of the LC RPC (Cont.)
Signal Pick-Up Pads
Etched in Cu \
FR4
=
<—l (2 .
. l /'\A//
e 1 Printed Circuit Board
Cu Signal Return Plane
= Thelnstrumentation Job: » Primary Goals:
+ Recealve Signals from Each Pad * 1 Bit Dynamic Range
¢ Discriminate Signals as “Hits’ * Large Number of Channels
¢ Tag Hitsin Timeto Facilitate * Cheap Electronics

Track Reconstruction
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* Front End

Front End Back End
= Custom ASIC -————— = == - —
+ Resides on Chambers 5| G b || |
+ Performs Functions: :* . L[ [ : : ne :
» Recelve, Process, & | e e |
Di scriminate Detector Ty - I S S o |
Signals iy WSS . || e |
» Timestamp Hits, & Record ! {7 ren 5 S | 1 S
H|t Pattern | —f cnes atigger |~ | |
L _ _ _ _ _ L —f— _ _ |

» Serial Data Transmission

¢ Can Sdf-Trigger, or Use
External Trigger

* Services 32-64 Detector
Channdls

Trigger System

Timing System

= Moreon This Later...
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 Front End (Cont.) o .
= Data Concentrator: - == = = = 1 === — 7
+ Concatenate Serial Data ! & caon |- N |
Streams from Severa :* o L[ : : | e :
Chips® Multiplexer oo E e B
+ N Seria Lines|n, 1] oo WU e |
1 Serial Line Out oy S e I e | |
+ Drives Serid Lineto :: e | : | :
Back End Read-Out L/;/LJ

Electronics

+ Handles Clock &
Control Interface

¢ Handles Trigger
Interface

Trigger System

Timing System
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e Front End (Cont.)

m Data Concentrator (Cont.): To Eront Ends To Back End
¢ Actsas Funndl for Data
¢ Adds Chip ID to Data

ChO0 <« }l«— Clock

. : Data +—>» Data
¢ HaS BUfferlng . Concentrator le— control
° ontro
+ Has Flow Control
+—>» Trig Out
Chnn <«—» j{«—Trig IN

» Needed to Reduce Back-End Costs -
Expensve VME

» Relieson Low Trigger Rate
» Exploring Implementation with FPGASs
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’ BaCk End Front End Back End
= VME Data Collector: - - - — — — a9 —— — — 7
+ 9U x 400 mm VME 1] e b ] |
* Receives Seria Data :4 e Lo : : L e :
Streams from Several QEPECEENE = |
Data Concentrators 2] Gon - RN |
+ Stores Datain Buffers :: S |
+ Dual Buffers; Data TN I e o |
Written into One While L _ _ _ _ _ /;A/I_ |

Processor Reads the

Other Trigger System | | Timing System

® "Buffer Swaps’
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e Back End (Cont.)

= \VME Data Collector
(Cont.)

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

1/10
+ Recalves Data Streams
+ Buffers Read from VME

+ Also Provides Control on
Separate Path )

* Extensive Use of FPGAs
- Provides High Degree
of Flexibility

VME Interface

Control

INEEEEEEEEEE
| |

EjEpEpEpapEgigapagapagi
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e Back End (Cont.)

Front End Back End
= VVME Processor: - - - - = = O /== = 7
+ Buffer Swaps Coordinated 'Z| < . |
by VME TimingModule |~ | [Te R | fue |
using ISRs S E e |
¢ Read Datafrom All Data | | Cusom 1< : N Jeriz — |
Collectorsin VME Crate ! LEE. o | |
+ Forms Time Frames from :4 N NN - : | :
Timestamps (~1 Sec) L/;A/I_J

+ Sends Time Framesto
Trigger Farm for Trigger System | | Timing System

Processing
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System
Architecture

6O

Front End Data Collection Crate

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

From
Timing
System

a|npo BuiwiL ®
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+ \VME Crate Can Hold
~20 Data Collectors
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e Back End (Cont.)
. Front End Back End
= Trigger Farm: - = = = = = I == — 7
+ Receives Time Frames 7] S (o N |
from All VME : o [ : : | e :
Processors in System . 5 |corcemacs T |
+ Uses Timestampsin 1 oo o ] e |
Pattern Recognition | . | e | |
Algorithm to Find HCR e |
Tra_cks I_/;/I_J
* Write Good Datato
D| Sk Trigger System

¢ Discards Junk

Timing System
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e System Overview (Cont.)

Front End Back En
> Architecture Based Upon lE 1| :_ 1|
Assumption of L ow HE X |
Trigger Rate (® LC,NOA) | o gafom 111 |, [P
. | hd <__=m . | | CElT(;at |
» Eventsare Tagged with e L] L |
Timestamps at Front End L . \> T e
to Allow Processing L atency :* &L : | :
> Timestamps used for i — /;/ B

Event Reconstruction
® Similar to MINOS

Trigger System

Timing System
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e ASICsOn theDetector

m Basic Cdl Grouping:
8x8 Célls

8 x 8 RPC Cell Array
(Part of Single RPC Chamber)

Signal Pick-Up Pads

Etched in Cu \

FR4 ~ /
A 4

| I/
/
Vd 1 Printed Circuit Board
Cu Signal Return Plane

» Several Implementation |deas Under Discussion...
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« “ldeal” Configuration: ASICsOn-Chamber

8 x 8 RPC Cell Array
B Deg gn M ulti-L ayer Pr inted (Part of Single RPC Chamber)

Circuit Board
m |ncorporate Cell Structure
and Signal Layersin Single

PCB

+ Detector Signals
+ Digital 1/0 4
+ Power & Ground Il
/

ASIC on Opposite Side of PCB
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e “ldeal” Configuration: ASICs On-Chamber (Cont.)

= OnePCB Contains
Several 8x8 Arrays
with Chips

= Arrange Data
Concentratorson
Outside Edge of
Chamber "7

Power Serial Lines
Data, Control, Trigger

Concentrators

m Pros. Short Detector Signal Transmission Path,
Low Input Capacitance, Closeto What isNeeded in Final
Design, No Dead Spaces from Circuitry, Low Assembly L abor
m Cons. Digital Noise, Board Complexity = Likely to be Challenging...
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» Alternate#1: ASICsOn-Chamber with “Hair”

m ASICson Chamber ASICs

= UseMulti-Conductor /'/;,’/f rpC

Cablesfor Digital
Transmission,
~——— Data
7 W4 Concentrators

Oneper Chip
Power Serial Lines

Data, Control, Trigger

m Pros. Short Detector Signal Transmission Path,
L ow Input Capacitance, Would Work in Final Design,
No Dead Spaces from Circuitry, Reduced Digital Noise
m Cons. Still May Have Digital Noise, Cable Quality, Assembly Labor
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e Alternate#2: ASICs Off Chamber

m No ASICs on Chamber PCB with
. d
» Detector Signals Routed o
—~
to Edges
ASICs

m ASICson Separate Top & Bot

Board, Closeto Data N

Concentrators «~— Data

L\ Concentrators

Serial Lines
Data, Control, Trigger

Power

m Pros. Substantially Reduced Digital Noise Problems, Electronics
Design De-coupled from Detector, L ow Assembly L abor

m Cons. Analog Crosstalk, Increased Detector Capacitance, Noise
Pick-up on Long Analog Lines, Not Viablein Final Design of
Detector
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e ASICsOn or Off Chamber

PCB with
Pads &

GND
\

ASICs

Top & Bot *~ RPC

—— Data

L4 Concentrators P LN Concentrators
Power Serial Lines ower Serial Lines

Data, Control, Trigger Data, Control, Trigger

» R&D Planning in Progress
to Choose Best | mplementation
»Basic Functionality of ASIC (Mostly) Independent...
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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 ~5fC 1pC ~100 fC

Signal

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

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

Largest ~10pC ~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 SensesHits
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 1/O — Separate Data,
Control, & Trigger

Services 32-64 CH

(@]
o
=

v

r
erial 1/0

%]

Control I/O Driver/Receiver
Qinj [DAC
s |y 'g, Clock & é X
s(e e « = Control © S
3ol 5 = 2 e
X > [881 =2 © [S) ™ [=)
! vy
estamp | Pipeline
CCCCCCC
24b 24b x N
—> Pipeline
> P °
1b x N e 5
—>—>_. > Pipeline 5:/ -g
S 1b x N L pot
o =1 >
- ) g
3 | § Pipeline = 3
Inputs > 2 3 1b x N 3 ©
from e 8 g g
Detector > X . % Pipeline x
g g 1bx N
. . . % .
- - L] L] —
- - | 5 g
:
: > Pipeline 5
E 1 1bxN w r| 2
GSEL —» = — VA 2
PREATTN — || Pipeline
Amp/Discrim 1b x K —l
x B
: x E g % o =
Trig Control 3z z §
TMODE
Trig I/0 Driver/Receiver

nb-Diff

1b-Diff
» TRIGOUT

111111

EXT TRIGII
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o Amplifier/Discriminator
m 3 Functional Blocks

Input
from
Detector

PREATTN*

b

* Amplifier
¢ Discriminator
+ Pre-Attenuator

Threshold

GSEL

g

X
X

>

PREATTN

I Pre-Attenuator

i

PREATTN

Amplifier

Inputs
from
Detector

Discriminator

GSEL
PREATTN

TMODE:

Control I/O Driver/Receiver - ff/ > Coptrol
nb-Di Serial 1/0
Qinj [DAC]
o 5 Clock & % X
g |x o Qo 0
Sfso 2 x [= Control o =
o887 £ 3 z i <
. > a8 = © O [ a
A\
[limestamp | Pipeline
Counter
24b 24b x N
» VIV
- > Pipeline ~
» [e]
1b x N 'S )
»> Pipeli ) =
¢ o o ipeline 5 5
> = 1b x N = 5
=1
» = m = >
» 8 1o & Pipeline 5 3 A—— Data
I _% D 1b x N 5 p nb-Diff Serial Out
9] 2 © ©
—] 14 2 . . ]
> ~ Q Pipeline 4 e
» 2 —> g
» s =) 1b x N
L] L) L] ': L)
- - . [ . =
. o . o o =
E o
= L o
1 > Pipeline é_
— s 1b x N wR| 3
I = AAl S
_ Ly Pipeline
Amp/Discrim 1b x K 1
N4 x B
. v & o2 & £
Trig Control o g 3 s
z
= 1b-Diff
. . ! +#—» TRIGOUT
Trig I/O Driver/Receiver
EXT TRIGI
1b-Diff
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o Amplifier/Discriminator (Cont.)
= Amplifier

+ Recelve & Process Charge
Pulses (Assume Neg. Charge)

+ Output isa Voltage, [
Proportiona to Total Charge = — >—L>

* Fast Rise Time IS Important, ampier oM
But May Have Shaping — -
+ Requires 2 Selectable Gains: [ preAtensaor |

~1 C/ Aval anChe RPC) PREATTN PREATTN
o1 nC E(GEM)
Set By GSEL
+ May Be Single-Ended Input
I(DaIUt Requi res Return Current
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o Amplifier/Discriminator (Cont.)

® Discriminator
+ Compare Amplifier Voltage

to Threshold Voltage
+ Latchif Over-Threshold ., by
* Latch Only Once per Pulse  orecer o
+ Register State on Clock ij—
Edge’ & Re%t LatCh T Pre-AttenuatorT
- No Time Over Threshold T
+ Threshold Voltage Common
to All Channels

® Need Amplifier Offset
Compensation
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o Amplifier/Discriminator (Cont.)
= Pre-Attenuator
* Needed for RPC Streamers L
+ Can be Voltage Amplifier, e
with Resistive Termination = — gy >_L>
(110 Ohmsof Trans. Ling)  oece e DG
+ Attenuate Signal by ~X10 -i»rj > — |
¢ Must be Differentia, to [ precavenuator |
Handle Pos. & Neg. Charge PREATTN  PREATIN

+ Output is a Current,
Compatible with Amp

+ Switch Inwith PREATTN
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e Internal Trigger Signal Formation
= Form TINT from “OR” of

AII Di&riminator S’ Control /O Driver/Receiver T [%7 ;f =Sce$inatlr(|)/lo
Evaluated at End of Clock | . codls s
Cycle
i !
m TINT Used for: e epeine
* Send Signa TRIGOUT to —!
External Trigger System M s
+ Self-Trigger for Data > e wa | S]]
= Copy of TINT is Delayed, et iril NS
Used to Capture Data in Self- o> § g
Trigger Mode o L I
> F. I E'_ Pipeline
L_._* z 1b x N }V\/R\
" Amp/Discrim I’ P]i-?’e:(inz 1
Trig Control 5| %E & ¢t
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* Pipeline& Timestamp

u PI pel I ne' Control 1/O Driver/Receiver +—» Control

nb-Diff Serial 1/0

* Pipelinefor Ext. Trigger TP, 8 coma s
Decision M E R x : ‘

¢ Blt Patter nShIfted Through finesiany | pipeline |
Pipeline with 10 MHz Clock 2‘“’? :

+ Store Bitsin Read-Out Buffer o e |
on Trigger Accept e S T T

¢ 20 Stages of Delay =2uSec >+ 5 éa»qigenn; S5 e,

= Timestamp: betmtior > - L S rwane § - 8

+ Timestamp Counter Runs at I 15[ .
10 MHz < 100 nS Resolution 7} J | B

+ Store Timestamps in Read- PR;STETLN:J’ L] xals

Out Buffer on Trig. Accept
+ Reset Counters Globally Trg Control 3

TMODE

1/&(: 9 NGEd 24 BItS L e TRIGOUT

Trig I/O Driver/Receiver ,
EXT TRIGI
1b-Diff

TINT
DW
DR

IINT DLYD fal—]
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 Triggering Data for Readout

m 2Trigger Modes: e contol
+ Sdf-Trigger: el B oawg
» Auto-Generate Trigger I ——
Accept from “OR” of —?—t
Discriminator States L TR | s |
» Timed to Capture Event of > s [ |
Interest at End of Pipeline e I 11 8 [ | F S [T2 mt
+ Externa Trigger oo > 5 1 5 (| F |
» Receive Signal from B IR
External Trigger System J sEEL
» Required Timing L REE i
Determined by Pipeline E———T
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e Triggering Datafor Readout (Cont.)

. I rlgga M Ode %t by Exta‘ na.l Control I/O Driver/Receiver +—> Coﬂ"0|
nb-Diff Serial 1/0
1 Qinj [pAC
Pin TMODE i, 5 cokaz
sledl2 ¥ ¢ Control ¢ 2
s|8&l= 3 5 B8
® |n Either Case, Trigger Accept —
limestamp | Pipeline
- " " - 11t 1 [ |counter
24 24b x N
rites Data rrom Pipeline into 4
VIV
Readout Buffer Lo T | o
1b x N LL 5
] i ali [ =
>—> —» o Pipeline = 5
2 | 1bxN | £ p
=1
- o %
s Ll § Pipeline = 3 » Data
Inputs % :g 1b x N S © nb-Diff Serial Out
from g g — g g
Detector > § l » & Pipeline 13
= 3 1b x N
L] L] o ': L]
- - . < ° -
o o - o o =
< S
| Pipeline %
| 1bxN w r| £
GSEL - = — VAWAN )
PREATTN— Ly Pipeline |
Amp/Discrim 1b x K i
A 4
v 5
Trig Control é z Z
TMODE £
E 1b-Diff
: ) ) A—» TRIGOUT
Trig I/O Driver/Receiver P
EXT TRIGI
1b-Diff
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« Readout Buffer —
= Trigger Accept Causes Event ey e I
Data to be Written into Readout 1 F I B
Buffer o »i )
» Event Datais Defined as ==
64 Comparator Statesin a *_> | :j
Given Clock Cycle, Plus = } S ju - ous
24 Bits of Timestamp oreco g > || [ b8 |
= Readout Buffer Configuredas | : [ :
FIFO, Capable of Storing 16 3 L e |
Events e Tl 7oeme [+ 41
®m \When Readout Buffer NOT ORI 1 £ f
EMPTY, Control Circuitry B S N -
Writes First Event to Output N I | 1

Driver for Transmission
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» Output Driver b
= Receives Eventsfrom Readout TN, | eweg
Buffer e = —
m Serializes Data, & Transmits Using E —AH
Serial Communication Protocol NV
+ Handshake, Flow Control i : i E.
* Parity, Start, Stop, Data Bits okt > 3 a e
+ NRZ, Framing, ... i
® Bit Slice Using 10 MHz Clock ;E N £ xale
®» Hardware I mplementation: T 1
Differential Current Steering — e rsoun

> Prefer Standard, Commercial Hardware & Comm. Protocols
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« Control —
m 3 Requirementsfor Control: S Clook &

* Provide 10 MHz Clock

» Synchronized Over All
Chipsin System

7 Co_ntrol
nb-Diff Serial I/0

MASK
CLK

Diagno:

[ FIFocLK
€ pATCLK

[imestamp I Pipeline
2 24b x N

VY Y Y

™ Pipeline]
. .. . g bxN | P B
|| Y i
¢ Time-Critical Functions b 3 |[reeme] § s
- S S 5
o 2 T @ = > D
» Counter Reset nputs 5 8 e 2 |G [ senaion
3 g
. . Dfer?erztor § L é Pipeline ¢ e
» Charge Injection =[] |
° o 3 °
- - ] = L) —
. . - . - g
¢ Static Functions L N :
| _»| . Pipeline 5
. . vg 1b x N w rR| 3
» Read/Write Registers PR;ﬁ;::; RN
Amp/Discrim 1b x K
Y Y
Trig Control = s 28 ¢
TMODE °F ; ©
E 1b-Diff

#—» TRIGOUT

Trig 1/0 Driver/Receiver EXT TRIGI

1b-Diff




Fr Ont End Electronics for RPCs
ASI C Fe(t?.' E?r,al2(804

p. 35

e Control (Cont.)

/> Co_ntrol
nb-Diff Serial 1/0

Control I/O Driver/Receiver

" Registers
+ Threshold DAC EERE -
» 6-7 Bit Dynamic Range \1 JJ 2 [ S N
» Common to All Channels oS ﬁ |
* Mask Register > ] g e
> Mask Off Nolsy Channets iz 8 [50] £ |3 e
+ Charge Injection 17 L
» Check All Channdls Alive l} "INl
» Calibrate Against Threshold ..., T f”’
(If Have Variable Charge...) S £ 35
» Calibrate Timestamp

(If Have Precision QINJ
Time...)
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e Control (Cont.)

m Registers (Cont.): > o,

+ Diagnostic Data JIHE ! gm% *

» Send Known Bit. Pattern Out LuJ e [ 3

Data Link of Chip i —

= Bi-Directional Serial i IAE2ERT
Communication Protocol ; :

+ Handshake, Flow Control S mp R

* Parity, Start, Stop, Data Bits I HE

+ NRZ, Framing, ... PREGASTETLN;E JEHESIEVE

= Bit Slice Using 10 MHz Clock * ml1NE!
®m Hardware Il mplementation: e
Differential Current Steering
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® Primary Goal of Electronicsfor RPCs. CHEAP
* | ow Event Rate (Mostly Noise)
¢ Low Dynamic Range (1 Bit)
¢ Low Clock Speed

¢ Funnel Many Channels into a Read-Out Board
(Reduce Expensive VME Real Estate)

® RequiresASIC to Achieve Low Cost & Desired Performance
+ Not Particularly Difficult, But Will Require Design Time
¢ Chip Has Many Blocks, Each Block Relatively 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
+ Serid Data Transmisson Scheme & Format

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

¢ Design of Data Concentrator
¢ Timing
* Trigger



