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Abstract: 

Agenda and presentations of the GEM Electronics Meeting held at 
the SSCL on September 4, 1992. Agenda items are: Preliminary Remarks 
& Meeting Schedule; Short Reports: Digital Discriminator, Datawave 
Update, Pipeline ADC's, SDC Calorimeter Review; Status Reports: 
Calorimeter Readout, IPC Readout; DAQ Design for GEM; and R&D Plan. 
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.. 
a= 9.9999998E-03 b= 5.327762 
KEY=l 
eps•.000 Terror(ns)•O.O Aerror(rad)=.000 

ps 20. GeV: Nyes-Nno-Nwrong- 10000 0 0 

0 0 0 0 0. 0 0 
1 0 0 0 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 0 0 0 0 0 0 
5 0 0 0 0 0 0 
6 0 0 0 0 0 0 
7 0 0 0 0 0 0 
8 0 19 0 0 0 0 
9 0 31 0 0 0 0 

·10 0 194 0 0 0 -0 
11 0 214 0 0 0 0 
12 0 9542 0 0 0 0 

. ··-·· ·. · ... · .. · ... ·.;-.: ·.··=··.;. .• .:···.·· :- ·-.-.· ·. ·.· .. · 
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Digital Discriminator 
for 

GEM LAr Calorimeter 

Eric Prebys, Princeton University 
SSCL, Sept 4 1992 
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Time Slewing in Simple Discriminators 

Small Pulse: tO 
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Big Pulse: 
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threshold----- --------- -------------------
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Digital Discriminator Scllilleme 
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N 

The Goals ... 

* Find a CMOS process rad-hard to 3MRad 

* Make a men1ory good to 9 bits in this process 

* Mak.e the memory read-time <500ns 

*Have power dissipation -lOmW/channel 

* Have depth => 128 cells 
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A ... ------------------- Research Instruments Section ---. 

What we are planning to submit ... 
* 8x128 memory chip with readout (interdigitated decode, 

4 channels VWVR, 4 channels VWCR, 

4.966mm x 5.934mm) 

~ * 8xl28 memory chip with readout (block decode, 

4 channel VWVR, 4 channels VWCR, 

5.208mm x 5.934mm) 

* 4a and Sc opamp chip 

* Decoder pieces chip 
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.Ad_...., ................................................ _ ll.esearc/i lnstru111e11ts Section 

The sampling time and rise time 
determine the precision to 1st order 

Desired precision (bits) 9 10 11 12 

tsa1np/trise 2.84 3.15 3.46 3.77 
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_.....~1m111111:11U11111111111il1111B111111111111111lllillillll11111111111111 ... 1111111111111111111a111 .................. llesearch 111str1u11e11ts Section 

Parameters that affect read-time 
* lfreque11cy response, phase margin, gin/~--> settling time 

* Phase n1argin, gm/~-> reset time 

* DC gain --> precision 

CJI 
CJI 

For the topologies chosen .. 

* Settlit1g time affected by output pole (high bus capacitance) 

* Ba11dwidth determined by input grn!Cc,o.,., 

* lfor mi11. power and area, inputs are PMOS, outputs are 
NMOS 



4 '1121'!2 

_. .. ------------------ llesearcll lllstru111ents Section 

The opamp characteristics .. 

Amplifier IPC4A IPCSC 

Bandwidtl1 llMHz llMHz 
CJ1 
~ 

Phase margin -60° -60° 

Slew rate > 20V/µs >20V/µs 

Power 9.4mW 6.7mW 

om1 
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Integral linearity of VWVR, IPC4a, 375ns Tset (10 bit) 
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Integral linearity of VWVR, IPC5c, 315ns Tset (10 bit) 

-i:: - 0.04 

"' .. 
,Q .. 
~ 0.02 
,-. 
> 
~ 
~ .. 0.00 ... .. 
"' -;§ -0.02 ... 
= -= .. -0.04 .. .. .. 

Q.. 

-0.06 
-3 -2 - 1 0 1 2 3 

Input voltage 

62 



Integral linearity of VWCR, IPC4a, 495ns Tset (10 bit) 
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Integral linearity of VWCR, IPCSc, 425ns Tset (10 bit) 
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7 91.1/'!2 

~.--------------------Research lnstru11zents Section .__ 

To summarize the 
expected performance .... 

*Power dissipation - lOmW/channel 

,c:r.i *We can make this 9-11 bit writing by adjusting the access 
~ time 

* Tlte droop rate is - 1.SmV/µs (2.Sµs/bit) 

* Tlte 10-bit read time should be - 315ns 

onil 
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,,.,..-------------------- Researcll I11stru1ne11ts Sectio11 ._ 

In summary 

* We are almost ready to submit to Harris 

* We have simulated out the wazoo, but continue 
cr.i 
-~ ......, 

* The simulations appear to support a 10-bit memory 

* We need to begin to converge towards a final configuration 
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SUB-SYSTEM DATA RATES 

SUB-SYSTEM CHANNELS 

CALORIMETER SOK 

IPC 450K 

SILICON 3200K 

MUON SOOK 

DATA RATE 
EVENT SIZE @lOOKHz 

TRIGGER RA TE 

SOKB 5Gll/s 

80Kll 8Gll/s 

20KB 2GB/s 

40KB 4GB/s 
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DAQ OPERATING REGION 
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'1 
CJ1 

DATAFLOW OUTLINE 

r-------------------, 
I 
I 
I I LIA arrlv<S rrom 

!rigger supervisor 

data read rrom 
fronl-end lnlo 

event data collector 

evenl dala collector 
bullds event 

Fragment and stores 
lnlo oulput bulTer 

-------------------~ 
EVENT DATA COLLECTOR 

r-----------------------------------------; 
process 

requests event 

trigger supervisor 
supplies the event 
Id lo the processor 

processor requests 
dala rrom the 
appropriate 

event data collectors 

event data collector 
transmlls the data 

to the processor 
via the dala switch 

processor sends 
message to the 

remaining event 
dala collectors to 
discard data ror 

lhatevent 

yes 

L2/L3 processing 

no 

request ren1alnlng 
data rrom event 
data collectors 

processor begins lo 
write data to 
tape via lhe 

control switch 

-------------------L-----------------------
L2PROCESS 



......] 
O":l 

TRIGGER SUPERVISOR 

processor 
requests event 
(processor id) 

. 

Lt trigger 
1mlse arrives 

(Inc L 1 counter) 
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MODULAR SWITCH DESIGN 
------------ ... I I 

• I . I . ' ,. I 

I ,. 
I • HX H • I 
I • m1<h • I 

I • • I 
I . I . . 

; I 
II II 

t ___________ J 

r------------·---------------1 
i I ·I : .. ,. I ! : : 

HX H 
IWllch 

11 .. h IUH 
t 1wllch 

.. 
I 

switch t t nrllc:h 
• • • 

• 0 I 

• I 

I • • • 
I I I I 
I I 

""' ·td· '"" 
I! I! 

•-----------------------------~ 
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H 
17 

31 
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15 

" 17 

31 
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-------------------------------. I I 
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16X16 16x 16 I i: : 
• I switch 

• I • I 0 I 

., , 16X 16 
•wilch 

I 

--t+L I 
I 
I • 

• 
• 

I 
I 
I r--

swil<h 

• 

16 x 16 I 
1witc:h 

0 I 

• I • 

•• I 

• I 
• I 

~ • I 
• • 

• 
• I 

I --, I 

" .. 
17 

)I 

uo 
UI TI 16Xl6 

I • switch I • I 0 • ! • IS • 

16Xl6 n-m 
• 

1 
switch : ! 

• • IS • I 
JJS • JJ5 

• • 
t---·--------------------------• 

TIME DIVISION MULTIPLEXED SWITCH 
(256 CHANNELS @ 1 Gbps) 
IMPLEMENTING 65,536 

VIRTUAL CHANNELS @ 4 Mbps 
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EVENT DATA COLLECTOR 

FROM 
nom END GRours • • • 

1-0 ~IFO ~ ~==mER/RR~IVER I 

TRANSCEIVER 

DMA 

BVENT 
IUFFl!R t---i 
(1fMBJ 

PROCESSOll 

TOflllOM 
CONTROL NETWORK 

J Glrp1 FIBER 

(TO DATA SWITCH) 



CONTROL NETWORK 
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EDC • Event Data Collector 
EDD • Event Data Distributor 
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