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Abstract;

Agenda, attendees, and presentations of the CSC Front Readout
Meeting held at Princeton on July 18-19, 1993.



Revised Agenda

Sunday, July 18, 1993

11:00

Overview of the System Requirements and
Architecture as set forth in the TDR.

- Discussion of possible revisions.

12:30

1:30
2:30
3:30
4:30
5:30

6:30

Lunch

Marlow

CSC Readout Work at Princeton, Status & Plans Wixted

Lab tour and demonstration
Anode Readout Work at Boston
~-=- Prototype test electronics
=== Production readout and HV
ROPCB work at U of H status and plans
(discussion)
Free time (discussions etc.)

Barbecue at the Marlows

Monday, July 19, 1993

9:00
9:30
10:30
11:00
12:00
1:30
2:30
3:00

FPGA-based readout controller

Signal processing strategies

Break

Definition of PCB for Fermilab Tests
Lunch

Discussion of FY94 R&D Plan

Draft of written meeting summary.
Adjourn

Varner

Pinsky

Chinatti
Prebys

(People should allow 2 hours between their Princeton

departure and their scheduled flight time.
time of adjournment accordingly).

We can adjust




1219 Tulyd3 Mue adout mu.l';».ﬁ ot Trueeeton

__ EL!:_C._._:B'_eLOy.s

(¢o9) 259~ 9510

& pn-L y5 @;0:‘}391_.%7

R

'ﬂﬂ}\cd' we el

Broce R Broomer o, (303) Y12- {3¢3

7ay (303) H9a-S /]
gRrRoOMER T KR0S 6 VaxF CoLoRADO. DU

b é? (303) 4—9,2 7718

. MAUENGER @ coloPHYS

 PAx(303) F92-5/#9

1YS  URIEL QRMCHEP. COLoRADD. EDU

o ,,Cl‘“,r.:?_ck_fft_t.@P‘Q?_C_&G_i-_g:‘._:_»Ui',‘m <

Gy Vagoee 1D 35397

LM }(EIJ/}A] ( 7r3) 743~ 35854 Fgaf  (7¢3) 73~ irc??
_L_ﬁ_N__@_L_{H_,.‘_.ﬁstU. |

. Ef*;tr, w \P'\LQQ)

. \.Ef‘Q> m‘:»‘ﬁ"‘c@‘] WN, cl~ \EU.\F}&“O ?VLMQH‘H‘\ ‘Z_.l

- vy { Ty - o
o NTeve flnmaat 1607 158~ Wfi

AT

" R i
Lt n::\!'t_;}cg«ppc}g e p, AT L TV

-
T,
Y

eo5? ’{"f’”’-@f‘f/‘f)’ by. ec/a/ S

- Varoer @& budoe. by. ?ﬁj,“r‘.ﬁ,,.u. _

|
1
|
an
Y
b}
~
1~
i
-
oA
lew,
_L
W
Lo
(/‘
W
L
D
~~
i~y
R
/
i

o e o g e L
Dan Maclow oA BS=k | MARLOW®@POPHEP. PRINCETON . EDU

[-%KV Frvsky G’/'v) ?‘fS 3:52 - F3~>I<VC JHPRYS  UH EDL



gem

Overview of CSC Readout
CSC Readout Meeting at Princeton

Presentation by:

Daniel R. Marlow
Princeton University

July 18, 1993



Principle of Charge Interpolation Readout

Start with a conventional MWPC, but form the cath-
ode planes with a pattern of etched strips, running
- perpendicular to the wires.

Cathode

Anode
wires

Readout
cathode

Readout electronics

TIP-04059

If each strip is instrumented with a charge-sensitive
preamplifier, the position of incidence can be de-
termined from the center of gravity of the induced
charge. The position accuracy is then set by the ac-
curacy with which the charge on each strip can be
measured—e.g.,

—A—xz\/ﬁégfvl%
w Q

where w is the strip width.



Electronic Architecture
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Readout Rates

GEM Trigger/DAQ Design Goals

Rate In Latency Comments

| 1 60 MHz 10 kHz 2 us Pipelined

| 2 100 kHz 100 Hz {100 us—100 ms | Asynchronous

I 3 3 kHz 100 Hz — CPU Ranch




GEM CSC Readout-Specific Design Goals

e Equivalent noise charge (~ 2000 e™) rms (for 7 =
300 ns)

e Dynamic Range

— 50 pum measurement for strip width w = 5 mm

I w22 — Qz\/i—"f’-=140
w Q Os

Oq
=> 7.1 bits
— Landau tail £ ~ 95%
= 40-230e" = 2.5 bits
— X2 Design margin = 1.0 bits
— Total = 10.6 bits

e < 10 us effective conversion time
e Time resolution ~ BX (for rejection of neutron hits)

e Low cost (< $10./ channel)
¢ Radiation hard? F, ~ 10'® cm™2 100 SSC-yr

4



I Electrical Specifications for the CSC Readout

Parameter

Equivalent Input Noise

Value

< 2000 e~ rms

[ Pulse Peaking Time 300 ns
I Overall System Gain 0.4 fC/Count
| Dynamic Range 10 bits I
l Accuracy 0.5% J
I Cross Talk < —50 db |
| Readout Rate 100 kHz
I Readout Latency < 100 us
Temperature Range 205 °C

L - Power Per Channel < 100 mW

Rad. Hardness: Ionizing (10 kRad) F

Rad. Hardness: Neutrons

(o]

1013 ¢cm—2
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Anode wire

Cooling
plate

electronics
FiG. 4-50. Strip electronics and cooling concepts for the CSC.
1.8000 & 0.000%
A
0.
= =
Fiducial N
referance line
n..“ it r
strips groundd
Floating plans \
Sirips
Comer of board

F1G. 4-52. Comer of a CSC cathode showing

Telationship of sirips, Teatiout connections and
FIG. 4-51. Service layout for CSC showing gas fiducial lines,

connection, HV distribution and anode signal output.
: ‘ or near structure support nodes. The design has
433 Support Structure minimized the number of different chamber sizes to
o minimize chamber production costs. A structural
verview stability of better than 25 m is needed between the
The design of the chamber support structures  respective superiayers of chambers within 2 muon
is driven by the chamber construction and layoutand  projective tower. The muon chamber layouts have
by the need for the chamber weightstobe carriedat  been designed to maximize the & and ¢ coverage in

4-57



System Architecture

- o e e e A e e wm S v o o

b

i
Anode Trigger 3}? ! ROPCB _ :
/ = : Trigger
J I
]
X A
Data Bus }6 ' i
+—+Jp| DAQ :
|
16 16 . 1
Kw:s /% | y Y |
Anods Anode E_————p—m——_—— - =)
FEPCB FEPCB
y
RN AN
PA1| ®®® |[paa| |Pa1| ®® @ [pag 4 18 A 56
*’C‘C ’...’ ‘ *... ’l..’
12 24 12 24 12 24 1224;__ 16
Anodes * | FEPCB
. 1 / /
96 [ )
;m-i 16
* | FEPCB
el 2 / /|
@ 96 /g
® 5
CSC Supemodule £ 2
3 B2
o ® -
®
~ 'Y
v/ 7
1
16
211 repcs -7L/ /
. /
7
96 | o 8

Link

TIP-03989



Front End Printed Circuit Board (FEPCB)

< 200 mm
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FEPCB Electrical Architecture
(SCA Version)
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CMOS Preamplifier

Vdd

Bpmy ®

L T

v v

Circuit Diagram

Vss

TIP-D4337
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E

TIP-03803

Noise versus Shaping Time—Preamp Only

With a 700 ns shaper, the noise is 1800 e~+12 ¢~ /pF.
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Switched Capacitor Analog Memory

One approach is to sample the pulse every ~ 100 ns
using an array of sample-and-hold capacitors.

vl

Slow Shaper Output

' 1

1
—> l=— 100ns

Such an array can be operated as a logical analog
shift register to provide the required 2 us Level 1

delay.
Vin

® : Vout

| - @
Wi R1

=2

Cq e o @ Cn
T

w2/ \ R2 / N\

| | : ! A
Y? TIP-04335

Digital logic controls the switches. Note that
the charge doesn’t move, but rather the status of
each memory location changes with time.



Neutron Rates
e Inherently uncertain
e Product of three factors

R=e, FrbA=r,,A
where in the endcap

€n ~ 1073 = detection efficiency
F, ~ 10° cm2%s~! = fluence

A =93 x 0.5 cm? = strip area

Note: The numbers above are inferred from the
GEM TDR Table 4-6, which includes n’s and ~+’s for
L =10% cm—2s57!. From the table one can extract
only the detected fluence r,, which is

10<r, < 100 cm 2t

Assuming that each hit lights four strips the corre-
sponding rates per strip are

6 < R <20 kHz



Analog Pipeline (SCA) Option

5-10 mm
L

Time

IIOO ns

o

o

©
®
©

\{e@@@

Assume

tp = pulse peaking time = 300 ns

At = sample clock period = 100 ns

If accidental pulses falling within the indicated region in the
space-time grid shown above are considered to spoil the signal
pulse, the maximum unspoiled rate is given by

__ Pmax __ 0.1
21At 21 x10-7

= 48 kHz

max

(corresponding to 7 = 320 cm—2s™1)

b
&



Local Charged Track (LCT) Logic

|
! Strips ORed in Pairs

| P,

i | I
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L : Individual strip
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TIP-03996

Note: This diagram shows just one of the possi-
bilities. Other patterns are also possible. All will
impose an “m-of-6” requirement to suppress noise,
while maintaining efficiency.



Constant Fraction Discriminator

Threshold comparator

— 30 NS —g—

DQ

g D—"t‘r

>-f:;;;izj:;zifLJ- R
from -
fast I—$ 30 ns

CF comparator
shaper ¥ delay

Non-integrated

) Integrated input
input

TIP-03995

Note: This diagram shows just one of the possi-
bilities. Other patterns are also possible. All will

impose an “m-of-6” requirement to suppress noise,
while maintaining efficiency.
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ADC and Multiplexer

T —Pi
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TIP-03998

- The LCT logic reduces the readout rate to a
level where a single 10 MSPS ADC can handle an
entire 96-channel FEPCB. Some care must be taken
in the way that the multiplexer tree is arranged.
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Readout Printed Circuit Board (ROPCB)

L1 Acc
Clock «—
. Decode —— Fibar <
DIF » ‘j__ recaiver [ € —
DACK « Control _ clock &
ADDR ‘ // control
4 16 —®  Link
16
—py control
Data ¢—-—P FIFO G
DIF > 16 100 Mbit/s
Fiber
DACK < Control  [4—¢ > MUX /=P Encode | yransmitter to’DAQ
ADDR ——+~
4
16 16
Data 4——P FIFO £
DAQ Section
32
de —/———) —
e 12 Fiber 1 Gbit's
56 Encode v —J» Encode M wransmitter _1:
%modes+>
_ Trigger saction L1 trigger
o ; .

This board serves as the interface between the
FEPCB’s and the DAQ. It also formats, buffers, and
retransmits, Level 1 trigger data.
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GEM Muon Detector Readout
CSC Supermodule Readout Schematic Block Diagram
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Electrical Specifications for the CSC Readout

Parameter Value

ENC (100 pF, 300 ns) | < 2000 e~ rms
Slow Pulse Peaking Time 300 ns
Fast Pulse Peaking Time 30 ns
Overall System Gain 0.4 fC/Count
Dynamic Range 10 bits
Accuracy 0.5%
Cross Talk < —~50 db
Sample Rate 10 MHz
Readout Rate 100 kHz
Readout Latency < 100 us
Temperature Range 205 °C
Power Per Channel < 100 mW
Rad. Hardness: Ionizing < 1 krad
Rad. Hardness: Neutrons| 10%*cm™2

(4 ¥
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PUHEP-1 Pinouts

1 |Cin+ (c) (c) Ibias|40
2 |Cin- {c) (b) Vin-|39
3 {Cout* (c} (b) Vout|38
4 |Decode {4.,4) {d) (b) Vin+|37
5in/c VSS2136
6 |[n/c VvDD2|35
7 |IRS1 RA2|34
8 |[RS2 RA1|33
g9 |[RS3 RAQ|32
10{RS4 RST|31
11{Vin3 Vout3|30
12|Vin2 Vout229
13|Vinl Voutl|28
14|VinRef Vrefl27
15{vDD1 Tbp|26
16jVSS1 Ibn|25
17{WA2 Ibias|24
18|Ws4 WAO*|23
19{WS3 WAL*|22
20{Ws2 WS1|21

Notes

(b) SCA amplifier subcircuit
(¢) Comparator subcircuit
(d) Intemnal address check



Test Setup

- v B e o e A AR S R R T R A R AR AP AR A N B B R WS N S N A e e R AR R P A e b e e R S S e AR AR AP A e B A e AR D D e

12-bit ADC
AD HAS1201

12-bit DAC
AD DAC87v

SCA

Write Addr  Read Addr ‘

HP Pattern Generator/

a Logic Analyzer [ 7
12 . 12
SCA Test Fixture T
| . 486 PC

e Current tests use pattern generator to sequen-
tially address the capacitors in the array. Read-
out follows same sequence and is not (yet) sim-
ulataneous with write.

e DAC settling time is 3 us, so only “quasi-dynamic”
tests are possible.
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ADC vs DAC
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SCA Residuals by Cell — 3-Pdrcms/CelI
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SCA Residuals by Cell — Single 3—Param. Set
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SCA Residuals by Cell — Single 3—Param. Set
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Constant Fraction Discriminator Test Setup

e Test setup is very simple.

'scope

Attenuator
—>bbpode—>4 CFDisc ——>{Chi
Pulser Trig

1 —r

e Use simple RC differentiator to simulate pulse.
(More realistic circuit needs to be developed. )

Pins 15,35 +5V +5V

16,36 GND
Y%
T 3
1 v
so — VWA ot
K - -
ApF T C2
/77
100 )

1

—— O

V_n
i
, |
I
50
+5V

© Measure delay of irailing edge with respect to
trigger as a function of Vi,.
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Relative Output Delay (ns)

/marlow/gam/sca/cftest2. kumac

CMOS CFDISC — C,=10 pF
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FUTURE PLANS

Continued testing of other PUHEP-1
devices

Integration of PUHEP-1 with the
prototype address list processor

Further clocknoise testing with the
address list processor

Expanded layout (8channels by 28
cells) possible enhancements include
modifications to the substrate contacts
more clockline shielding and an output
mux subcircuit (still tiny chip size)

LCT trigger generator chip to include
multiple discriminators and one or
more versions of the track logic
subcircuits

Full cusotm layout of the address list
processor

X

iy ('.{



Wiring Schematic - CSC Anode Readout Electronics

8 JUL 93 -GSV
CAMAC1 CAMAC?2
LRS 2277 LRS 2259
TDC Peak sensing ADC
Modules Modules
:
Timing Signals
2 34-pin ribbon cables per PCB2
{only 24 of 32 channels used) 24 Lemo cables per PCB2
o
a.c. power
Cathode
Readoutl
: 6 layer CSC
: prototype
.: chamber
E (top view)

S0 0hm

Ribbon-Coax PCB1#1 W PCB1 48

PCB1
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Third Generation/Production Electronics
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CSC Environmental Test Chamber

Acrylic Housing

\

/.

Sensor Feed-throughs

CSC Laminate

Gas feeds for environmental
regulation.

FRONT

+- 15V

LVDT In

Humid 1,2

Temp. 1,2

CSC_ETC
Bud Box \LRS-232 Cable

IBM PCS

CSC Environmental Test Chamber Readout Box

Top View (not to scale)
{Chassis top removed}

BNC Connsctors

Front View (not to scale)

+15¢ Humid1 Tomp1
® wir @ @

15V @ Humid2 Temp2

a5-pin D-8ub Connector (Female)

Back View (not to scale)

+15Y

A5V
10 8@ ®
GND

an
o




Position (in)

wet-dry_cycle.res

e Pasition (in)

s RH2

0252 125
‘ S - 100
025
- 75
0.248 -
- 50
0.246~
- 25
\. .
0.244 T '8 .§ '3 'g | % 0
L2 wy
1:30pm m -
Jun 3 10:00am Jun 18

Dry run start 10 min intervals

tEnd of current data

RH2



wet-dry_cycle.res

s Position (in)

v Temp 2

26.5

0.252

0.25

0.248 ~

Position (in)

T~

Y

4:10pm Jun 4
Wet run start

4:40pm Jun 8
f Wet run start

1:05pm Jun 7
Dry run start

|

d

|

11:10am Jun 15
Dry run start

~ 25.5

= 24.5

0.244
o

1:30pm
Jun 3

Dry run start

500 =
1000 -

10 min intervals

1500

2000 -1

235

]
d

10:00am Jun 18
End of current data

Temp 2
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MWC: TOP view

Wireframe HV

' CS Board
e 12.250 ——» /_ - Base
d T
/ T\# \\\ ‘
8.769 ‘ 1 \P
21.750
12.000
16.500
P~ A, ~ 4
Rotation Frame —/ / \"'L' 20.0° '\" Wires
/ -
Wireframe v 5.000 __\
> ~~— CS Cables, etc
pet— 19.250 >
Notes:
- 87 wires per wireframe
- 3/8" thick jig plate for base
= 30 i wire
- 4 wireframes

5 hexcell sandwiches
1/2" thick plexiglass enclosure
pivot point at geometric center

All units in inches

¢
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ing of Wireframes and Hexcell Sandwiches

: Position

MWC

FRONT view

Wires

CS Board
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Timing Discriminator - Prototype 14 MAY 93 -GSV
Va5
qND 279F]-
ECL
g HI 10198
[io]—
E
neg Q 3
—J2
Q —
5|—
9 Epos
_olmie
V45
5 CLq,us 50
5 Integrated Inpot X
ECL
HI
500> V-5 500 =
141 -
3 CLC1415 50
2 Input Signal 10101 15
) YEl
00
0 O 10101
4\
Normalized to 0 time offset
e PDg
_ < £ FE ;
W L4 T i, - gi‘a% "’ -@
] 9% IS R SR NUNURNE.T YR+
o 1 ! I w g 3
250ps o+
150mV 500mV | v sv
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CONCLUSIONS

Current Anode Electronics

Future Anode Electronics

e A LOT more to be studied, A sampling:
e Cost Efficient Multi-hit Resolution .
e Optimal Timing Scheme

¢ Signal Fan-in Density issues

Ongoing Studies - next 6 months
e Cheap and efficient HV control and monitoring
¢ Chamber deformation studies
e Moveable wire chamber studies
e Timing Studies
e Trigger Studies
e Pulse correlation studies

Future Studies

o 777



Electrical Signal Pathway

7MAY 93 -GSV

Output
Buffer to
Cathode 5092 Trace e FERA
Readout VO
-precisi o
Non-precision Cathode o
- MA A A A M
Cathode CSC Prototype Chamber PCBI PCB2 Off-Detector
Readout Electronics

Board
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List Processor 2

48 addresses in the SCA:
one list element per address

Each address can be one of the following:
* free (no sample)

* pending L1 accept
e pending A/D conversion

Keep a circularly linked list of the addresses:

0 1 2 3 cee =»{ 19 > 20 21 {22

46 45 Joef a4 Joe{ 43 Jefa2 Ju ooo {28 Juef27 Jue{26 Je{25

77



List Processor 3

Pending L1 accept (subset of free list):
fixed length list, keep 2 pointers, for the
beginning and the end of the list.

begin L1 | end L1
> {22 (=
23
24

&) )<{m (@)« -
begin L1 | end L1

R AR il Rinhat

45 Je{ 44 Je{43 Je{ a2 & ... {28 Je{27 |26 }e{2s5

begin L1 end L1

78




List Processor 4

Pending ADC list:
move 5 elements to this list if L1 accept occurs
begin ADC/ | _

[

45 Je{ 44 || 43 || 42 |- {28 }e{27 Je{26
begin ADC end ADC begin L1 end L1

45 {44 Je{ 43 Ju{ 42 Je- <{28 Je{27 Je{26 J] 25
begin ADC end ADC  beginL1 end L1

. R A R g M P ey PR

elements are moved back to free list once
A/D conversion has been completed.

79



List Processor 5

- . _ . ‘ addr data
list is maintained in a 48 x 6 o 1

RAM, one address for each 1

list element, and the data in 2

each cell corresponds to the 3

next element in the list. 4

- 5

| )| e

pending L1 { begin |1 7

end | 21 8

pending ADC{ begin 3 40 1 41

end 6 | 41 22 <
: - 23
pointers to the beginning and 43z =
end of the L1 and ADC lists wm =
are kept in 6 bit registers s 18
46| 7 <
a7 0 <

30



List Processor 6

* Inputs:
L1 accept signal
ADC complete signal
reset and initialization signals

* Outputs:
write address, write enable
read address, read enable, read reset
L1 accept ignored
start ADC signal

e [nternal State |
4 pointers (beginning and end of L1 list
and ADC list)
size of ADC list

# of samples remaining from L1 accept

* Debugging
state maintained for each list element,
can serially read out state and next
address to check for errors

81



e Control / Datapath based architecture

List Processor 7

~ * 8 "micro-cycles” needed for each sample to
maintain all internal pointers and update
both lists- limitation imposed by need for
8 memory accesses (either read or write)
per sample.

e 2-phase clock used:
phil - load registers
phi2 - write memory

ohi 1 _JUTULILH LU
ohi 2 _ JULTUULUULL
L1 act:ept L1 act:ept

C S

=



------

i




DATAPATH
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Free Pending Pending Pending
List Lopr Level 1 . Level 2 Readout
FIFO FIFO FIFO
next next t |
nexte =] | | e B
A }\ ADDR
$le jast 4 last
bossnget Jast
L1 strobe L2 strobe L3 strobe
(62.5 MH2) (62.5 KH2)
Tast X y
Tevel 1 level 2
accept accept
reject reject

Figure 3: Blod diagrss <f $he address list processor,
sddress pointer Lists for: empty cells, peading Level 1, penéing fovc! 2, wnd pending read-out.
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showing the four FIFO memories for the



Pulse Shaping

“No- Shaping:

h(5) =(1-€™*)e™™ 1, = 60ns
31, =10us

h(H) =t*e™* 1 =T5ns
31, =4t, =300ns

BT " "R "R “S tco =

by =(a-g)gf e ™ a1, =15ns
3t, = 21, = 30ns




Noise Simulation

"Parallel Noise® o ﬂh(t)]’dt

- 'With a noise power spectrum given by:

2

|H(w) = ljh(t)e‘“‘dt

"Series Noise" = J']h'(t)]l dt

With a noise power spectrum given by:

© ' 2
|H'(0) = Iih’(t)e‘“d-i

—noise spectra may be simulated by generating a large number
of sine waves with random phases according according to the
appropriate power spectrum..
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-3 EDGE-DRIFT LINE PLOT

Porticle (D= Electron

oy 1 |

Gos ID =50% CO2 50%XCF4 Deita T=  0.0050 [Micro sec]
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R_ecal..

4of 6

ie, get the time of the first
cluster to arrive

SO try to avoid..

A . .;*\ wire)
o ® o rd ‘\\ ®
® ® ® ® . ® o
® o o ® or ‘o ® ®
3 ) ® @ . @ ®
® ® ® ® ® o
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can try maximum staggering
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Conclusions

¢ Anode signals should be adequate to correctly tag the beam
crossing providing care is takea to avoid tracks passing
between the anode wires in all sublayers.

¢ Preliminary evidence indicates that unshaped signals will be
satisfactory to determine pulse-height and timing of the
cathode strip signals.

4 More study is needed - particularly compaﬁsonofthemodei
to actual signals from a prototype.
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Meeting Summary & Conclusions

On faly 18 & 19, 1993 the CSC front end readout group met at Princeton to
discu;:s the status and plans of that work.

Prese 1t: Baringer,Broomer,Chinatti,lan,Marlow,Pinsky,Prebys,Varner, Wixted
The £>rllowing summarizes the major conclusions from that meeting.

l) Th: specification on operating temperature should be changed from
20 +/- 5 C to 25 +/- 5 C.

2) Th: CSC ROPCE design should incorporate varicus monitoring functions
s wch as BV, BV current, LVPS, temperature, etc.

3) Th: main thrust of the R&D effort for FY94 should be aimed at producing
a iet of pre-production prototype electronics for the 1995 FNAL tests.

4) Ea 'h of the institutions working on the CSC readout electronics should
sumit a 2-3 page R&D summary for FY94. These summaries should be sent
by e-mail to Dan Marlow by Aug 16, 19%93.

5) Th: groups present expressed an interest in the following items:

a Boston University: Work on current generation prototype analog
electronics and work on support of various chamber R&D efforts (near
term). Work in conjunction with BNL, PNPI, and Princeton on design of
production (and pre-production prototype) anode electreonics,

b University of Colorado: Study of FEPCB design issues including
thermal management, IC packaging, EMI effects, electrical interface
between the IC’a, seleaction and evaluation of an ADC/MUX set.

¢ University of Houston: Werk on desigﬁ of ROPCE. This includes
developing a specification of the operation of the control ASIC of the
FEP ‘

d Princeton University: Continued development of an SCA, an integrated
Turke and Smith discriminator, and the LCT (virtual strip) logic.
Completion of FPGA-based control logic.

6) A .entative plan te have another meeting in late Sept. or early Oct,
po isibly at BNL was made,




