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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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September 2, 1992
A.Korytov, L.Osborne (M.LT.) d

R.Sumner. (LeCroy)
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Drift Time, ns

¥y = mi*M0 + m2*MQ'MO

Valye Error .
m1 17.357073062 0.004725 T-a. X+ brXaZ
m2 | 0.28546071821| ©.0104131 {Points are caiculated
Chisq]l  13.306709135 NA from accurate fit of LASER DATA),
R| 0.99994534347 NA Ar+iB =25+75
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Drift Time, ns '
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y = mi+m2*MO + m3*MO*MO

Value Error

mi 3.34173583497 0.484641
m2 5.031063318 0.23408
m3 1,411 6950994 0.0239047
Chisn 29760939244 NA
R 0,99995388072 NA

CF‘. + CO2 +C4Hm =« 69 +20 +11

U=54kV
Laser Data

'T!:‘f a-x+ bX%

~ Distance from wire, mm



Drift Time, ns

Tub*xA2 - ‘
Valpe Error . 2_
bl 5.3277617937] 0.0714464 i —— . X
Chisa 199.59911477 NA -
R| 6.99573685403 NA

Ar+COz+C‘Hm = 2:5 +88 +9.5
Laser Data
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dN/dTO (counts/ns)

10000 tracks (Ntot=12*10000) .

8.000 10*
7.000 10*
6.000 10*
5.000 10*
4.000 10*
3.000 10*
2.000 10*

1.000 10*

0

P=10 GeV/c

MC1-IB(.00, 0., .000).DATA
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a= 17.35707

KEY=1
eps=.000

P= 10. GeV:
P= 20. GeV:

- 40. GeV:
~e= BO. GeV:
P=160. GeV:
P=320. GeV:

wo~slannbwhhiE=o

Terror(ns)=0.0

Nyes-Nno-Nwrong=
Nyes-Nno-Nwrong=
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dN/dTO (counts/ns)

10000 tracks (Ntot=12*10000) «  P=10 GeV/c

MC1-1B(.05, 0., .000).DATA

7.000 10* S S E— — ]
6.000 10* -
. 1
5.000 10* T ]
4.000 10* + ]
[ ]

3.000 10* T

i

2.000 10* T - :
1.000 10* '  — ]
o -+ —_ y
=50 0 50 100 .. 150 200
e . YO, ms ... .
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£=0.05 /ce_[[ C 3-electron ffocﬁamé‘aa )
ST= 2npns”
3l = 008 @‘.5")

10000 tracks (Ntot=12*10000) ot Gev/e
MC1-IB(.05, 2., .005).DATA
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SL2

Time Trigger Inefficiency

CF‘4-|-C302+C4H]0 = 69+20+11

i

Inefficiency (%)
E-Y

[ ]
[ ™
3- ]
i . ]
!
1 1
LW ]
[ : ]
0 L L a2 N L —
0 5 15 0 s

O-electron p

25 30
robablity per cell (%)

w

-

Inefficiency (%)
£

w
T

PR el b

[ }
00 ; 4

8

10
Drift Time Error (o), ns

Hs L A M
2 | ]
Lo L
s | ]
L. 4
E,
e f
2 : *
11
L [ ]
i Y Ll _
0 4 A E i . A ' Y 2 » & s Y 2 2 2 2 i L A
0] 00 0.015 0.025 0.03

Max Angle Error (flat dis tribution), rad

16



SLZ2

Inefficiency, %
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Time Trigger Inefficienc
SL2 g8 Y
| CF4+C02+C4H10 = 69+20+11
5 T} ————————+—— ® 16 ns CLOCK!
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SL2

Inefficiency, %

Time Trigger Inefficiency

CF4+Coz+C4H10 = 69+20+11 ”
R
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SL2+SL3 Time Trigger Inefficiency

CF‘4+C02+C‘,‘H10 = 69+20+11
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Time Trigger Inefficiency

SL2+SL3 :
CF,+CO,+CH = 69+20+11 R
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R Xi= T4 YL -T2 21= ol
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7 C‘F!*«'@ ‘ (T1-T2) | - (&C,
+# 9 X1=X1/2 V1= Y% Y4 2 1= 21 CA
CT']'?J (Ti-T2)5 (G:{q + ol C;
# 3 KL = o 21 Yo=24%21 | 2= 4.2
( fs0) ()* (46
\v:p& 4 X2= X2/2 | 2= 4V, 2= q +21
(4co) %, Gede )
#+ 5 W1=Y1-X, | 2=Y2/4 | 21-21% 21
' (- 2c) ($e2) @ def-
#H é XM= X1-Y9, | Ya-4/4 . 20=X4/2z1
(- 20 -4¢) &) (s lavte
2 ;7_ _ —_ Z4=Z1xY,
| (et
- #Q X’I=>M—22 — —
To

)
21



o L A [T
X C&tC
b kta |~ ~
- ;
;SO_ng_

*  Daft ¥ue bt ooulw=20 (5Lk)

*  begle Range 216%/4° =tie Conts)

(—b&:s Correseouols t Bz .01)

23



e Budget (To)
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a= 9.9999998E-03 b= 5.327762

KEY=1
eps=.000 Terror(ns)=0.0 Aerror(rad)=.000
P= 20. GeV: Nyes-Nno-Nwrong= 10000 0 0
- 0 0 o 0 - 0. 0 0
1 0 0 0 0 0 0
2 0 0 0 0 Q 0
3 0 0 0 0 0 0
4 0 o 0 0 0 V)
5 o 0 0 0 0 ¢
6 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 o 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:

t0
Y
threshold -------- I
—_
Big Pulse:
|
threshold -----}-e-ceeemcmccmmmecccceccaaes
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Look for: 1

1N(0)

Digital Discriminator Schmeme

t
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1

(rise-rise-fall-fall)

Ay
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v(0)

SHIFT REG.

>_.

Pulse Pattern (1100)
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Warning
Pulse Shape Important!
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Digital Discriminator Studies
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Discriminator Studies
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- Highest Pulse in
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Delta t
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Discriminator Studies

Delto t, E .gt. 10. GeV
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Discriminator Studies

160 3 X 2.895
140 E_ Constant 1 10.1
E E_ E Meon -0.9838E-01
120 - inc Sigma 0.6237
100
80 E 0.<E..<50.
60 F
40 E
20 F
0 c f [ PR T Bt [P T
-10 -7.5 -5 7.5
Delta E
120 X 2.409
E Constant 93.59
C Mean -0.1043
1 -
00 E Sigma 0.5838
go £ 10<E.<50.
60
-
40
20 |
0 S N
-10 -7.5 -5 -2.5 0 2.5 5 7.5

Detto E, £ .gt. 10. GeV
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s Research Instruments Section wy

Rad-Hard AMU Development at
Oak Ridge National Laboratory

C. L. Britton, Jr.
L. C. Clonts

- A. L. Wintenberg
K. F. Read
Presented at the September '92 GEM DAQ Meeting
AR SSC Laboratory
%ﬁ%?_ﬁa‘: Dallas, TX
pod pemrhrid it ot M.n.,dbymuuiuuamgsmem,mrormus.mpmdsmg



2 92M2

- The Goals...

* Find a CMOS process rad-hard to 3MRad

* Make a memory good to 9 bits in this process
H Wi
B

* Make the memory read-time <500ns
* Have power dissipation ~10mW/channel

* Have depth => 128 cells



3 9/302

----- w Research Instruments Section wm,

" What we are planmng to submit...

* 8x128 memory chip with readout (interdigitated decode,
4 channels YWVR, 4 channels VWCR,
4.966mm x 5.934mm)

i
R

i
3
i
:‘}
i
53
{
4
bl
;

* 8x128 memory chip with readout (block decode,
4 channel VWYVR, 4 channels VYWCR,
5.208mm x 5.934mm)

* 4a and Sc opamp chip

\ Decoder pleces chlp



OAK RIDGE NATIONAL LABORATORY

Instrumentation and Controls Division
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wemsmes Research Instruments Section ey,

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

Desired precision (bits) 9 10 11 12
tsamp/trise 2.84 3.15 3.46 3.77
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B s e emmmmenn. [Research Instruments Section we,

Parameters that affect read-time

* Frequency response, phase margin, gm/C_--> settling time
* Phase margin, gm/(_;-> reset time
* DC gain --> precision

For the topologies chosen..

* Settling time affected by output pole (high bus capacitance)
* Bandwidth determined by input gm/Ccomp

* For min. power and area, inputs are PMOS, outputs are




4 v2m2

samenenon esearch Instruments Section w,

The opamp characteristics..

Amplifier IPC4A IPCS5C
Bandwidth 11MHz 11MHz

Phase margin ~ ~60° ~60°

Slew rate > 20V/us >20V/us
Power 9.4mW 6. 7mW
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Percent of full scale (4V) for best fit

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

0.06

Input voltage
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Percent of [ull scale (4V) for best fit

Integral linearity of VWVR, IPC5c, 315ns Tset (10 bit)
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Percent of full scale (4V) for best fit

Integral linearity of VWCR, IPC4a, 495ns Tset (10 bit)
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Input voltage
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Percent of full scale (4V) for best fit

Integral linearity of VWCR, IPCSc, 425ns Tset (10 bit)

0.6

0.4 ~

0.2 ~

0.0 4
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m Research Instruments Section wm,

To summarize the
expected performance....

* Power dissipation ~ 10mW/channel

* We can make this 9-11 bit writing by adjusting the access
time

* The droop rate is ~ 1.5mV/us (2.5us/bit)

* The 10-bit read time should be ~ 315ns

oS
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sm Research Instruments Section

In summary

* We are almost ready to submit to Harris

* We have simulated out the wazoo, but continue

69

* 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 EVENT SIZE

DATA RATE
@100 KHz
TRIGGER RATE

CALORIMETER 80K 50 KB S GB/s
1PC 450K 80 KB 8 GB/s
SILICON 3200 K 20 KB 2GB/s
MUON S0K 40 KB 4 GB/s
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DAQ OPERATING REGION

2MB

EVENT
SIZE

200 KB

10 KHZ TRIGGER RATE
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DATAFLOW OUTLINE

S et LT e P

-~

L1A arrives from
trigger supervisor

!

data read from
froni-end into
event data collector

Y

event data collector
bullds event
fragment and stores
Into output buffer

EVENT DATA COLLECTOR

process

A

requests event

!

trigger supervisor
supplies the event
1d to the processor

Y

L2/L3 processing

k

processor requests
data from the
appropriate
event data colleclorsl

Y

event data collector

transmits the data
to the processor

via the data switch

processor sends
message fo the
remalning event
data collectors to
discard data for
that event

yes
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need
additional
data?

request remaining
data from event
data collectors

'

processor begins to
write data to
tape via the
confrol switch
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TRIGGER SUPERVISOR

processor
requests event
(processor id)

L1 trigger
pulse arrives
(inc L1 counter)

processor is
selected

l

packet is built
L1 id - cntr. value
dest. addr - proc. id

l

packet is sent to
the processor




Ll

MODULAR SWITCH DESIGN
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TIME DIVISION MULTIPLEXED SWITCH
(256 CHANNELS @ 1 Gbps)
IMPLEMENTING 65,536
VIRTUAL CHANNELS @ 4 Mbps
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EVENT DATA COLLECTOR

gy

FROM

FRONT END GROUPS ﬁ °
®
L

7]

EVENT
BUFFER
(16 MBY

DMA PROCESSOR

|

u

TRANSCEIVER

T

Y &

t Gbhps FIBER
-
(TO DATA SWITCH}

D - FIF0 /\ - TRANSMITTERRECEIVER

v

TOFROM
CONTROL NETWORK




CONTROL NETWORK

STORAGE
SUPFERVISOR

u... 'J |

4 v4 vé v4

L
g T

EDC - Event Data Collector
EDD - Event Data Distributor

S X
o0l ... |GD
X2 X
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Minimum Execution Time Calorimeter Algorithm (500 MIPS)
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