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‘Custom Bipolar Integrated Circuit Designs for the Front-End 1Electroni'cs of the Silicon
Tracker Subsystem for SSC-GEM Detector

Sangkoo F. Hahn and Maureen M, Cafferty
1 Los Alamos Natlonal Laboratory, Los Alamos, NM 87545

Abstract

Extremely high radiation background (up to 3 MRay over

a 10 year lifetime), & large number of channels (3.2 M), high
lpoed. low noise requirements (1230 slecirons RME), and low
powsr sonsumption (1 mW/channel), pressnt a formidable
challenge for front-snd mmmafmsnmm
for the S3C-GBM (Gamma, Elegwron, Muen)

Detector, Simulation resuita from the bipelar designg for an
anelog integrated eiToult to process charge Impuia from stlisen

sirip deteciors are presentsd uatng ATAT and Hma

lmnllmrmodm.
1. INTRODUO’I‘ION )
The deciaion waa  made utllor that a bipslar 10

technology was tohundbrthlprounlngoflh;cmlg
signals from the Si-strip detecion to mest the nolse, spesd

and power requirementa, The main Aination of the bipelar IC

is to make an unambiguous logle desision of clthcr hit of no-
hit per every beam-crossing (with & period of 16 na) for every
channel based on the amount of charge collected from the
sirip dotectora, Duie 1o the low occupancy of less than 1%, the
dead-time of the clrouit operation between events can be as

"~ much as 150 ns. The design features and the major

simulation results are described. . K
. II, DESIGN FEATURES C

The preamp uses the familiar cascode configuration Lvllh
an input transistor geometry of threo times the area of the
minimum geometry transistors (g roduce the noisy from the
baso spread resisiance, The feedback resistor and umtor
act the shaping time of 30 ns. The feedback resistor is made
as large as possible for minimum noise coniribution while
remaining small snough to maintain reasonably constant bias
condiuons, which are sensitive to iransistor gain changes,
ovee the lifetime of the system.

The intermediatq amplifier is a minimum eomponont
stags which is very sensitive to the bias level at the base of
Q22. ‘The resistors, RS and RS are adjusted for maximum
possible gain without pushing Q22 into saturation, This
maximizes the signal to noise ratio from this stage (Figure 1),

The shaperbaseline restorer stage has a closed loop gain
of about eight, for the signal, with a signal swing of about
40 mV for a 6000 alectron input chargs. The baseline

- restoration cirguit causes some noise dogradation but has a
crucial role of stabllizing the DC bias level of the input node

to the gomparator. Without the restoration, the drift of the
DC levsl would pressnt a serious ocontro! problem to the
circult operation (Figure 2). The comparstor design is
nraightforward with a diffyrontinlspair input Rage followed
by current-mirror nmpllﬂm for currant output (Figure 3).

T

, _inm

Fig. 1 Prump & Intermeédiate-stage amplifier
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I, SIMULATION RESULTS
A. AT&T Tile Array ALA110

Simulations were performed using models from the
AT&T CBIC-V process. A design based on the ALA110 tile
array models will by submiited to ATAT for semi-custom
fabrication, and the chip will be tested when available, The
schematic and the pinouts are shown in Figure 3. The tile
array is for small-scale applications and conlains minimum
area geometry {ransistors of 32,5 x 47.5 um which are too
large for the final design. The final design will be based on
smaller geometry {ransisiors.

Simulation results using MicroSim's PSPICE  were
obtained for charge inputs from 6000 clectrons to 48000
clectrons. The current source simulating the waveform out of
& 300 pm thick PIN diode {1} is shown in Figuro 4,
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Simulations were run for strip lengths of 6 cm, 12 cm, and

Fig. 3 Schomatic for semi-custom layout wilizing the AT&T ALAL10 dis srray

it -and Jow current gaind for assumasd end of lik
parformances, The sirip datector was simulated using lumped
sloments with thrse strips and threc amplifiers in' parallel as
shown in Figurs 3 {1} 1o nﬂm mplln; offeots between
Mmﬁw’ R RS ;

* ) mmmmm
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. Pigure 3

Simulation resulty between using ATAT subcircuit models
for the resistors and capacitors and using ideal resistors and
capacitors wers virtually identical, but the noise performance
wuuboutl%womforthombcimlgndmm
caplcitorl The simulation times for thrpe amplifiers
wtilizlng all mbclroult modely were much longer than
praciical, therefors, ideal resistors and capacitors were used
in all subsequent results,

"I'ypienl signals at the input of the compnrltor for. u om

- sirip length, near end injoction are shown in Figure 6 while

the comparator outputs are shown in Figure 7. Note that the
time-walk Is measured at the falling edge of the comparator
output waveform lo take advaniage of the pmdn Z8T0-

18 cm with nominai (rangistor current gains for beginning of crossing time pick-off effect,

10
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The simulation results are summed up tn Table 1 for
beginning of lifetime and epd of ilfetime. Small signal
amplitude, time walk, and nolse results are shown for 6 cm,
12 cm, and 18 cm de«mot strip lgngths. The amplitude wag
measured for the 6000 electron input. Time walk was.
measured for 6000 to 48000 eleciron inpuls. wlth 8
comparator threshold level set to 60% of the small signal
swing for each detector strip lerigth. The noise was
ealcnhled at the input to the comparator.

B. Harris UHF

Simulations were also performed using models for Harris
UHF small geometry ttansistors for 12 cm and 18 om detector
strip lengtha,

The nolsp for (he 12 cm far-end was 2340 elegtrons and
2210 slectrons for the near-end. The time walk was 13.7 ns
‘- for the far-end and 10.2 ng for ¢he near-end with the
threshold level equal to 5000 electrons (no 6000 electron -
trigger).

The noise for the 18 cm far-end was 3550 electrons and
2710 electrons for the near-end. The time walk was 9.1 ns
for the far-end (no 6000 or 12000 electron trigger) and 5.0 ns
(no 6000 eleciron trigger) with the threshold level equal to
6230 electrons.
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e

‘184

Table 1

IV. CONCLUSION
N ,!T

A preliminary design for the front-end electronics for the
Siticon Tracker subsystem for the SSC-GEM (Gamma,
Bisctron, Muon) Detector has been simulsted and will be
submitted to AT&T for sgmi-custom fabrication.

The results show excelient beginning-of-fife performance
and accepiable end-of life performance (10 year lifetime, 5
MRad total doss) for required time walk (<16 na), with the
given power (1 mW) for a 12 ¢m detector strip fength, but
cisarly degraded performance at 18 cm lengths.
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READ - WRITE ADDRESS GENERATOR
- FF register based status array |
Indicates write protection of an address for readout

Two status bits read out per event clock

Status bits control skip logic to pass over protected write locations

- Parallel adders
Generate skip addresses
Status bits select proper adder output for next address

Write address latched for external analog memory and
internally for reading out next status bits

Read address is delayed by the trigger calculation time and
is latched upon receipt of a trigger signal

Read addresses are pushed into FIFOs for eventual readout
- Status of Read - Write generator
Schematic capture completed
Functional unit delay timing completed and passed
Optimized routing in Xilinx IC in progress to meet system level speed

Scheduled for complstion by November 92
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READOUT CONTROLLER IC

- Three functional blocks
Read - Write address generators
Timing and control
Data readout

- Prototype technology
Xilinx field programmable gate array - Static Ram based structure
Three chip solution - Two Xilinx 3195—3 iCs & One SRAM
Xilinx 3195 : 50 - 80 Mhz system level speed
Greater than 9,000 nominal gates per 3195 IC

- End product technology
LS| Logic LRH20K radiation hardened series gate array
Guaranteed total dose specification 3E6 rad (si)

Silicon - gate 1.0 micron ( 0.7 micron effective) 2 - Iayer.met_al HCMOS

19



Timing & Control/Data Readout

- Timing & Control
Flip - Flop synchronous state machine
Synchronous with the event clock

Generates all sub-clocks and control signais

- Data readout
FIFO data buffered from the output of sight Flash A-D converters

SRAM stored thresholds are magnitude compared with FIFO buffered
data for zero suppression

Non-suppressed data are pushed into a FIFO for data frame packing

Non-suppressed data, read address, bunch crossing ID, and frame
sync word are packed into serial data frames

Data transmission is synchronous, frame synched communication
over fiber optic link

- Status of Timing & Control/Data readout
Block diagram completed
Schematic capture in progress

Scheduled for completion by February 93

20
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IPC Front End Simulation

+ Use GARFIELD to simulate IPC

4 mm chamber thickness

2 mm wire spacing

20 micron wire diameter

50-50 CF, CO,

2700 V operating voltage

b

E Field vs Position

Drift Time Contours




IPC Front End Simulation

« Drift Velocity vs E-Field based on IU measurements
« Diffusion - based on pure CO, , CF,
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IPC Front End Simulation

+ Simulate signals in IPC
includes random trajectories
diffusion
Landau fluctuations

_12_5 -
Y
175 }-

-20 -

o 50 100 150 200 250 300 350 400

(nsg)
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IPC Front End Simulation

+ Simulate signals in IPC
includes random trajectories
diffusion
Landau fluctuations
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IPC Front End Simulation

- Apply transfer function from preamp/shaper

Based on measured response of prototype
amps. *Pole Zero has been added to

eliminate ion tail.

Amp. Impulse

Response Function

I pC input

o |
2500:
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1500 |
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IPC Front End Simulation

Output pulses
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IPC Front End Simulation

+ Choose position on pad at random

» Use position to make three pad signals according to
known induced signal distribution.

« Sample three pad signals at 60 Mhz.

o apply 3 types of 'smearing' to samples

noise - added to sample using normal distribution
time jitter on sampling points
shaping time errors '

2000

1600

1200 |-

800

400

0 20 40 60 80 100 120 140 160

wire signo!
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IPC Front End Simulation

+ Electronics Noise

Look at three samples - (3rd, 4th, and 5th )

Approx Sample Loc.

b ‘k

31
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IPC Front End Simulation

4 th sample
X (fit) vs x( actual)
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IPC Front End Simulation

4 th sample
X(mean) vs x(actual)
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IPC Front End Simulation

+ resolution vs noise level

Sample 3 Resolution

3 rd sample . .
<‘o~‘\’.‘>.l".v iE:[ . )
%0 1 2 s«
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R | ]
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IPC Front End Simulation

« Noise vs Resolution

Average 3/4/5

S ample Ave. Resolution

resolution
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S 8 8
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IPC Front End' Simulation

» Resolution vs Time Jitter

Average 3/4/5
No electronics noise

Pos. Resolution vs Time Jitter

Res. {(microns)
0588588
n

05 ] 1.5 2
T ime Jitter (ns)

)
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IPC Front End Simulation

+ resolution vs shaping time errors
No electronics noise
No time jitter

Pos. Resolution vs S haping
Error (%)

— 807 .
4 € 97
€ 8 97 .

Eor ., ®

0 : — :
0 20 40 &0
S haping T ime E rror (%)
Sample 3/4/5 average
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IPC Frbnt lEnd Simuiation

« TO resolution
TO= (s1+16*s2+32%53)/(s1+52+53)

TO res. vs noise TO Resoiution

Nolse (mV)
TO res. vs shaping
.time error T0 Resolution vs S haping
] Error (%)
%4 "
~ 3
¥ 5 -
ey . "
g 04 + ' q
0 20 40 60
Shoping Time E rror (%)
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IPC Front End Simulation

» TO vs time of first electron at wire
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IPC Front End Simulation

+ TO resolution

TO= (s1+16*s24+32*53)/(s1+52+s3)

TO res. vs noise

“TO res. vs shaping
time error

TO Resolution

E 104+ "
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IPC Front End Simulation

+ resolution vs shaping time errors
No electronics noise
No time jitter

Pos. Resolution v § haping
Error (%)
- ,
; T 150 .
&,’ § 100 . n
E 07 =
0 ~+ — {
- 0 20 0 60
- Shaping Time Error (%)
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Update on Zero Suppression and Dynamic

Range Studies for the GEM Liquid Argon
Calorimeter

Eric Pfebys, Princeton University

November 4, 1992
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Zero Suppression Schemes

e Scheme I- The simplest zero-suppression. Read out
only those chgppels which are above a certain thresh-
_9_151_. For this sort of suppression, the thresholds must
be kept fairly low to reduce the losses in the low en-
ergy tails.

o Scheme £- In this scheme, if a given channel is above
threshold, all neiEhboring channels (fromt and back)

are read gut. Perhaps difficult to implement in prac-
tice, particularly at the boundaries between readout
modules.

o Scheme 3- This is a fairly simple scheme. If any
channel is above a given threshold, all the channels

jn its 5 X 5 readout module are read o, fromt and
back. |
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Figure }: Zero suppression factor vs. zero suppression threshold for the
vanous schemes discussed.
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Figure 6: Effect of zero seppression on the total missing Er spectrum (a)
without and (b) with thermal and pileup noise simulated. The effects of
scheme 1 zero suppression are shown by the superimposed histograms.
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Figure 7: Effect of zero suppression eu the total missing Er spectrum (a)
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scheme 2 zero suppression are showa by the superimposed histograms.
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Zero Suppression Conclusions

Based on these studies, it is clear that one can achieve a
reduction factor of greater than 10 with several zero sup-
pression schemes without greatly sacrificing resolution or
linearity. It also appears that the missing Er resolution
is not drastically compromised. Of the schemes stud-
ied, it appears that the most attractive is the most ba-

sic - namely the scheme in which one simply reads out
channels satisfying a certain threshold. This scheme al-
lows one to achieve reduction factors of up to 50 without
greatly impacting the quality of the data. At lower reduc-
tion factors. the simple scheme shows similar or superior
behavior to the other schemes.




Dynamic Range Studies

e Goal: To determine the dynamic range needed by
both the electromagnetic and the hadronic calorime-
ters

¢ Low End of Dynamic Range: Total thermal and pileup
noise /v/2!

— = 25 MeV for the Electromagnetic Calorimeter
— =~ 140 MeV for the Hadronic Calorimeter
e

1To take imto acconat the Jongitudinal segmentation.
“
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High End of Dynamic Rahge for
EM Calorimeter

Use decays of the form

Z' - ete
R

Choose

M(Z') =12 TeV

because, assuming “standard” couplings, this gives 10
events in one year at 10*s~!em=2 luminosity.




Masimun Towe Enegy fo EM

0.045

oo H | Z>ete, M(Z)=12TeV

0.035

ll‘l‘[

TTYrvrrry

0.03

'L.J.+J.lll

0.025

'l'

0.02

'Tl!

0.015 -

4~

0.01 -

0.005 [~

Figure 4: Highest energy in any electromagnetic tower for massive Z' — e*e™ decays.




High End of Dynamic Range for
Hadronic Calorimed

Use high-pr two jet events

Choose

pr > 8 TeV

because the standard model predicts roughly 100 events
in this range in one year at 103s~!cm~2 luminosity —
enough to detect discrepancies {eg. compositeness).

o7
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Figure 5: Highest energy in any badronic tower for high-priwo jet events.




Summary of Dynamic Range Studies

Electromagnetic Calorimeter

6000 6 .
range = - - X ¢ & 288000 =~ 18bits

n‘ag‘ we o
wndesshect

Hadronic Calorimeter

range = —— X 6 = 51400 =~ 16bits

140 5 Sm—

09



Implementation of 18-bit Dynamic Range

e Nonlinear Preames?
— Easy to build, but

— Might be tricky to build and calibrate to desired
accuracy.

o Iriple Range 12-bit ADC?
~ Probably available technology,

— Allows 9 bit overlap, but

— Might be tricky to build.
e Dual Range 13-bit ADCY

— Only two ranges needed, but
— Only 8 bit resolution at overlap.

— Might not exist.

o Some Combination of the Above?

60



Imphc;"c&as -Fof H"”YX

Cen 12 boids

RIS B Sl W H 1
o T Y
°'°°‘ | H.—)Z)‘, M‘H!=150§e\/

EndofLomegcforlZHtAmf_

!
H

End of Low Ronge for 13 bl AOC

. Figure 6: Highest energy in any electromagnetic tower for H — vy decays.
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AIM:

ENVIRONMENT
(10 Years ¢ operation)

SPECIMICATIONS

TECHNOLOGY

Design of a charge sensitive preamplifier for
Liquid Argon preamplifier for cryogenic
ionization chamber calorimeters (Liquid Argon,
Krypton) at hadron collider experiments (SSC,
LHC).

T=90 K
Neutron Flux: 1014 N/em?2
Dose: 30 Mrad

Low Noise (trigger sums)
Cp=100 pF-1 nF
tp=15-50 ns

High g, gm’ Cisss gm/IDSS
Cp/10<C;<Cp/2

‘W=10%um (1 cm)

Epitaxial channel JFETs meet all these require-
ments and are manufactured with a mature,
well proven technology. Hybrid preamplifiers
using discrete JFETS have been built and suc-
cessfully operated up to three years.

To achieve monolithic integration interdevice
isolation must be obtained while preserving the
characteristic of discrete JFETS:.
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BURIED LAYER TECHNOLOGY

To achieve interdevice insulation a junction-insulated
technology based on a diffused P*-type buried layer which
acts as a back gate has been developed. It uses an epi chan-
nel and diffused gate, source and drain to achieve an opti-
mum noise performance.

* Psubs=0.3 Qcm

* Pburiea=0-002 Qcm

* Pepi=0-5-22 cm

e t.;=4-7 Um

epi
. isolation ring doping: >1018 cm™3 at the surface to

prevent surface inversion

N N N

J1
S1 61 D1 /

P’

J2
S2 G2 D2

P'

7

é\z

N-SUBSTRATE
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A 4

J . (LO) DD
W = 4800 um
P
J3 (LO)
-p, W =800 yum J (§OC)
7
—4 W = 2800 um
J8 (SOC)
» W = 5600 um
v 1,80 P8O T
2 ;{———_:2800 um _‘_,W =800 um
-
® & Out
| o
C ;
RF R‘
In “(SO) J,(SO)
O—4—|W=11400 um—] W = 400 pm § Rz
N Vv
SS
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mA oV {av SW,
FEATURES ld[m-A] Em [T SWG[J]'TZ-_ Swl[ﬁ] SW, GBW
[MHz]
TEST PADS
ADDED 9.2 48.3 0.57 0.49 1.16 200
(ceramic carrier)
TEST PADS
ADDED 1.9 22 0.76 0.72 1.05 112
(ceramic carrier)
TEST PADS
ADDED 2 23 0.75 0.70 1.07 127
(ceramic carrier) :
NO TEST PADS :r:“ N
(TO-78) 3 26 073 /| 0.68 1.07 194
TEST PADS
ADDED 4 32 0.66 0.60 1.10 136
(ceramic carrier)
O TEST PADS > ST
N TO78) s 31 068 | o061 | 11 #2005
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Gain [dB]

= 10 T : : '
a o} .
3
E
2 : i
§ 0 A .......... -------------- ' b)
10 ”‘*‘*‘""‘"fﬂ *'f”"fﬂ;!wfffwmww*ﬁ
[%4 H ' ! H 1
£ TR R
3 ' : :
£

-1 : o i L

T A
f[Hz)

Fig. 2 - Characteristics of the preamplifier labelled 4 in Table 1.
(a) Open-loop gain-frequency dependence.

- (b) Spectral density of the nojse voltage referred to the
preamplifier input as a function of frequency. |
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JFET RADIATION EFFECTS
( 60C0) o

NOISE SPECTRUM

[nV/vHz)
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SHORT CHANNEL J FETs : NOISE

Noise Spectra - Room Temperature
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+ Vob
)

] J4(LC) |
RM _’w=soo um 6
J3(LC) . B
|, W=350um
J7 (SC) ANALOG
¢ W =3500 um 7™
-
J S(SC)
* W = 3500 pm
JZ(SC) T LO)™
V; 20F W = 1500 um W =6400 pm
l 1
1
——3% J (SC) J (LC)
5
4 W = 11400 pm J*_,Wﬂooum 'ﬂ;
o 4 R,
i M
P A~
= Re
-V
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SUMMARY

A monolithic charge sensitive preamplifier has been realized
featuring:

« GBW=200 MHz

¢ Pgiss=100 mW

« Dynamic Range=+2 V

« Integral non-linearity=0.2%

« en=0.7 nV~NHz

« No degradation after 100 Mrad (tp=40 ns, T=90 K)

Future Improvements:

- Study of neutron resistance
« Realization of monolithic resistors (Si-Cr)
« Development of a short channel version

¢ Now - MM "o ponse -,Qo’t, &x PGANU(Q‘“{
‘Alj WAL I»u”\_g_ﬁ_
Acknowledments:

Larry A. Rehn, INTERFET Co.
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Precision Timing with Liquid Ionization
Calorimeters

0. Benary9 'S: Ca;nnon5 W. Cleland’, I Ferguson2 -G leey ,
A. Gordeev®, H. Gordon®, E. Kistenev®, P. Kroon®, M. Leltchouk?,
D. Lissauer3 H Mad, D. Makomeckf" A. Ma.slenmkov4 S. McCorkle?,
D. O!nopnenko6 A Onuchinf, Y. Ore::n9 V. Panin?, J. Parsons®,
J. Rabel”, V. Radeka3, L. Rogers®; D. Rahm?, S Rescia?,
J. Rutherfoord?, M. Seman®, M. Smith?; J. Sondencker III3, R. Steiner!,

D, Ste ha.m3 E. Stern 1. Stumer3, H. Takai®, H. Themann®,
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Y Tikhonov

1. Adelphi University, Garden City, NY 11530
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T Uﬁlversﬂ;y of Plttsburgh Pittsburgh, PA 15260
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Precision Timing_with

Liquid JTonization Calorimeters.

e Good timing from Calorimeters:

»— unique assignment of an event to a
particular beam crossing . (bunch spacing ~I5ns

» Conventiongl Wisdom:

i Scm’ullo’tors are fost PMT have sharp signal’
S5 therefore: ”GoOD TIMING'

HOWEVER

L\quld ionization Calorimeters have:

\/umform wave form
. very low fluctuations (3x10" €/GeV)
o dood timing is possible |
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Principle of Operation ( Turko ¢ Smith)

-FU:B)

— 9l RC integral of fk)

L7 to, when f)=g® 1s independent of
amplitude.

Test Setup:

« Accordion geomebry Liquid Kryplon Calorimeter
. :Pbeomr' 5, 10, 15, 20 GeV

Qy ",’, front

(5x5)

. Total Energy —» Fi8)= o £ (-t

81 ti, chame!l time Offset.
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MUON  COUNTER

DRIFT CHAMBER VETO COUNTER

E‘;.
St

-E — — d] N E
CERENKOV #2 ' \
CERENKOV #1 CU ABSORBER

HODOSCOPE

......

Ao A A

CALORIMETER

5,5, timed by CFDs
S, * Start Counter




il

On-line Pulse Shape

LKr, 2mm stack, 1.5kV

Beam Momentum = 20 GeV

Sum of approx. 150 channels

XK Stopped: IwAcqulsmons _
——F——

- arus an SR AL N SR LA AR I B B R - S |

[T T ST N S

.................. .§......?............... [

] T 1

.
3

t i f :

% & $

-....----.os.-.i .................................

SOOmVQ; i

Edge Slope

Source Couplmg lml
Chi X ~260mV

Wzdé '
Holdoff

Multiple trace - variable persistence ! !
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LT BLALAL AL ML LA DL L ALE BLAL LA DL L DAL DL L LR DL

IIJ!]IlIllllllllll!Illlllllllll!)lllj!"_L“ llllllll

Uncorrected timing (ns)
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102

10

LXr Timing Analysis
L] j’ L] L] L B l L 1 L ¥ _I_ L] L b L T L] '“ v L)
Entvies 1082
Moan .Hs0
- s 5012 —
- UDFLW  0.0000E+00 .
o o_t (S2-5)=0.26% OVAW __ 0.0000E.00 )
L X 1143 -
L Conatant 2005+ 3593 |
Msan 149 0.1217
s | Slgmsi A58 & 0.1086 ]
L .
- > 7
5 -
R T .
o » L J i -]
i U S B R il - A ; I b ]
780 800 820 840
$1-52
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"The Correction

o it con be shown that for FWO= Ta; F&-t) a
timing shift §- Taibi will be introduced.

Qi

e Therefore ti conbe found offline by minimizing
evenls

Y € =3 (4i- Tt

J=t

0 : ' .
t; measured time for event J

i =_Qi _, normalized p.h.
P2 H

e This leads to:
A-I1RL =D
M= 2 tidg; and IR,; = 2. (%wijatij)

J =1 ]

e apply this to all rung, limiting calorimeter 1o
3x3 ‘pwer geometry.
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Counts/.08 ns

_—y
o
n

-
o

1 T I 1 1B
4 3 -2 -1 0 1
Timing (ns)
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Timing

Energy Dependence

Timing (ns)

1.0

0.8

0.6

0.4

0.2

0.0

Preliminary
——Ll 1 1 | T T T 1 | [ I | I T 11717 :
i ]
[ ]
i i
- )
. i
— —
- -
i i
|~ -
_) (| J fro1t l | I I ]__1 13 I 1_
0.00 0.05 0.10 0.15 0.20

1/E(GeV™?)

5t = (0.183 £ .020) ns @ (4.16 + 0.06) GeV - ns/E

Celta-th) _ (0.1920.02) Gz=CQe. |

vz
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Conclusions

¢ Liquid Ionizalion Calorimeters have excellent
timing properties.

+ Energy dependence is caleulable

e the inherent tummg resolulion —> 0.8 GeV.ns

of one tower
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Front End ICs for Readout of
Cathode Pad/Strip Chambers

P. O’Connor, BNL Instrumentation Division

QUTLINE

« Performance Specifications
« Readout Function Blocks

« Circuit Design and Technology Choices
« BNL Test Chips & Results
« Plans for Future Work

PO'C 11/4/92
thome2/pociext/GEM/MNov4.Im



Specifications: IPC Central Tracker

« Pad Capacitance: 10-50 pF
= Most probable Qgy,: ~30 fC
« Max. occupancy time: (2 - 4) x 16 nsec

« Desired position interpolation accuracy: 1% of pad pitch

» Desired time tagging: within 10 nsec from time of avalanche

PO'C 11/4/92 |
Mome2/pochext’/GEM/MNov4fm
211
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Specifications: CSC Front End IC

Strip Capacitance: 8-120 pF

Most probable Qg ~30 fC

Hit rate per strip: ~ 100 Hz (tracks), 50 Hz - 50 kHz (neutrons)

Desired position interpolation accuracy: 1% of strip pitch

Desired time tagging: within 10 nsec from time of avalanche

PO'C 1174192
Mhome2/poctext’/GEM/MNovad.Im
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Noise
For o, /x = .01, need oo/Q = .006
og = (.006) (30 fC) = 0.17 f{C = 1100 6"

<&t
' . ——

e,{:OAGnVE- AT a® SOONL
(Reg<15Q) -

Input device g > 52 ms (FET), 39 mS (BJT)

Ic > 1.0 mA (BJT) ... but need to consider parallel noise of ~ 10 uA Ig 3'.3 3CeS (F &T)
Id x W/L > 27A (1) for MOSFET in strong inversion

BLUS I.-% = 2A
o

30% - 50% from preamp other devices

noise of Rg, Rsub

2nd stage noise

PO'C 11M/92
hnma? inacAaxt GF MMNov4 im



Noise

For o, /x = .01, need o/Q = .006
oq = (.006) (30 1C) = 0.17 fC = 1100 ¢

For 1000 e, Cp= 40 pF, C¢gt + Csyray = 15 pF. tm = 25 ns (CR-RC?)

e, < 0.46 nV/ Hz

(Req<159)

Input device gy, > 52 ms (FET), 39 mS (BJT)

I > 1.0 mA (BJT) ... but need to consider paraliel noise of ~ 10 uA Ig
Id x W/L > 27A (1) for MOSFET in strong inversion

PLUS

30% - 50% from preamp other devices

noise of Rg, Rsub

2nd stage noise

PO'C 11/4/92
Mhome2/pochext GEM/MNov4.im
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POT

1000

e, {(nV/Hz*) at 10kH2

100

10

01

=
| LM394,
2N4124
- 2NG4B3 FET
N425
2N4250 /2N4250
2N4124
250786
| ] I | J
0.1uA 1pA 10uA  100uA 1ImA  10mA

collector current

e, (nV/Hz*)

100.0

[~ 2N3954-8, 2N5196-9, 2N5452-4, 2N5045-7,
2N5545-7

/
2N5902—9 10kHz

100Hz

2N5902-9
10.0 10kHz 2N5515-24,
' / 2N6483-5 10Hz
\2N5515-—24,
2N6483-5 10kHz || M394 10kHz2
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1.0  25J72 1KkHz / Wipolar)
1 ]
10uA 100uA 1mA 10mA
Ip
1000
MOSFET
0 —2N56902-9
2N5902-9 100uA
2N5911-2
TmA
MOSFET

0.1

/
= 2N3954-8, 2N5196-9,

2N5452-4,
2ZN5484-6 1mA

~PARS5004
tpreamp)\
S

7 el | L

LM394 /. = \ 2N5432-34 1mA

1mA {bipolar) \ 25K 147,
2N6483-5, 2N5515-24 ImA  25J72 3mA
| | 1 ]
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Equivalent input noise charge:

Cie,
ENC’ = a,—-:-‘—- + a4, t

2 1
e, = 4*1‘(-2-;: +R
. r biu
for MOS,

r
e T (5= +R,) +ays

K,
"cl WL

1
L] R!

Conclusions (shoft t,y):

For BJT, achieveble ENC is limited by Ry, B, and f1. For MOS in strong inversion, ENC is constrained
by power and area atiocated to the input device. In practice secondary effects ke excess noise sourc-
es, ease of integration, and accuracy of modeling large input device must be carefully considered.

PO'C429/02
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IPC Front End Electronics
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Shaper Design

« Noise (power and area tradeoff)
« Peaking time control

« Dynamic range
« DC and AC stability

PO'C 11/4/92
Mome2/poctaext/GEM/Nov4 fm



2"

Ty ™ 28,,3/C; ~ (ibias)'?

o C;Bs &mf%  IBB;C; R
8m3 By Ry +R)C B3B3 C (R +Ry)

>

« peaking time depends only on (ibias)

- s shape of puise is determined by component mha.
independent of (ibiss).

' PO'C 9239
Mﬂ pecAaxV/GEM/Aug24. im
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« 9 MOSIS Tiny Chlps submitted

« All 2um CMOS / BICMOS process (Ol‘blt Seml )

. Investigated
10000/2 NMOS, PMOS test transistors
Preamps:
Charge sensitive folded cascode (NMOS, PMOS input device)
45 kOhm transimpedance (NMOS, bipolar npn input device)

Shapers:
20, 40 -100, 500 -1000 nsec unipolar CR-(RC)*
Output Drivers: source followers |
Preamp-shaper, preamp-shaper-track/hold with output drivers

o RAD-NARD run ( HARRYS ALB\RA 3 um)

PO'CA1 1!4!.2

EX TN Ly SR ] ol ¥ XL TSR



Tests

= Components
R, C, MOS, BJT
-V
noise vs. frequency, bias
ESD

radiation

» Circuits
Noise vs. tm, Cd, bias
Linearity, dynamic range
Peak time
frequency response
Loading effects

Crosstalk

PO'C 11/4/92
Moma2/pochext/GEM/Nov4.fm
8/11
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Algorithms examples

Local 1jii] € > Ijfori =1, ..., 8.

. Cl1I 8
maximum 7T} Threshold < Y I + C.
i=1

D é
- @,._..
THENI . ‘
i check
= "

15 steps

. (HAD)

'l'hreshold < Ceomt Iy’ “(EM) < Threshold \ / '
12
5 g
4 x 4 simplified trigger tower N’ n !
THEN o § ol |
Check for 'Gl .8

ISOLATION g @
=
EM g:i ™ i
. *’ hal ;
: |
S :
- 1

‘ ‘ ‘ I

)

=0

Threshold < “*2111‘*?10':*20“1 ®

é =1 = Py
| N
Jet Threshold <2£:u,+23., \ \/r
' finding |




Algorithm flow—chart

Phase 1:

Phase 2:

"sm” > threshold

Corpus Christl 10/2/92

no Calorimetry In HEP

Dario Crosetto

set code

set code

"

no
possible jot ? =

yes

set code set code

S —

output code

0 N

18
32

two "em” sum (north 1 x 2) > threshold
two "em” sum {(sast 2 x 1) > threshold

“had” /"em” (north 1 x 2) < threshold
“had’/“em" (sast 2 x 1) < thresheld
isclation achieved

possible jet found

e.g. A “FEP” may return a code = 37 (1+4+32) stating:
— a possible electron was found,
- but it was not isolated from the sorrounding energy,
- and that cell may be part of a 4 x 4 jet.
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-~ 3D-Flow Cell Architecture

1

€
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]

§ oBEM
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ctl

EP assembléf co-tnie of the four pipelined stage-é.- of _the 15 stt;ps 'algo“rith-m“

Different code for different stages
xec] common code Comments line
teP| to all stages Stage 4 | Stage 3 | Stage 2 | Stage 1 code
.coll 0,1,2
0 |loop: rissnwatrl4 4a) (3a) {2a) (1m) ; receive "em” value frem oalorimeter 1
1 rimpuwctorll 4%) (») (zv) (1b) ; receive “had’ walue from ecalorimeter 2
] riarién, bat (ic) ;north 1 x 2 "em” sum 3
3 rOsy24n, st (1d) i north 1 x 2 "had" sum 4
4 ri=rite, bat {4a) but (3a) bat (2a) ;east 2x i "em’ sum ]
s r10urf+e, b=t (4b) b=t (3b) b=t (2b) ; sast 2 x 1 “had” sum 8
(] sluwr?-yS, bt (2¢) W=t (10) ; compare 1 x £ "em” sum to Threshold 7
7 bpl north, b=t (24) wut (14) 8
] slusrd~r6, b=t (4a) b=t (3a) ; compare £ x 1 "em’ sum to Threshold ®
9 bpl east, bat (4%) bat (30) 10
10 bra nosendi b=t (30) b=t (20) b=t (10) 11
8 |morth: aco=r7*r8, b=t (4a) bet (3a) ; "em” * Thresheld (1 x 2) 1z
9 aco=goe—rd, b=t (40) b=t (3b) $ "em” * Threshold - "bad’ 13
19 bmpl sendn, b=t (30) b=t (Bo) bt (lo) 14
11 bre nesend®, b=t (3d) b=t (2d) b=t (14) 13
10 |east: aco=re*rs, b=t (30) b=t (2o) b=t (1e} : “em” * Thresheld (2 x 1) 16
1 sco=aco-ri0, b=t (3d) b=t (24) b=t (1d) t “em” * Thresheld ~ “had’ 17
12 bmpl sende, Yut (4a) 18
13 bra nosendd, b=t (4b) 10
11 [oeendn: nep, but (34) wxt (R4) b=t (14) 20
12 nop, bat (4e) 21
13 nop, b=t (4b) 22
14 b=012 40) %0) (20) (10) : send out tower id ’ 23
16 buy7, bra losp 4d) ) (zd) (14) send out 1 x 2 “em” energy 24
13 |sends: nep, bt ((b) ; send out tower id 28
14 w012 (40) - (30) (2e) (10) 26
16 burf, bra loep (4d) {84) zd (1¢) ; semd out 2 x 1 “em’ emergy 27
11 |mosendi: nep, =t (34) wut (24) st (14) 28
12 |nosends: nep, et {u 29
13 nop, but (40 30
14 |mosemdd: b=0 (40) (30 (20) {10) ; send out null value s
18 =0, bra losp (44) (34 (2d) (14) ; semd eut null value sz
-end

a = inputted "em’ value ¢ = outputted tower id
b = inputted "had’ value; d = outputted "em’ sum (either 1 x 2 or 2 x 1)
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9eT

Timing Diagram of Four FEP Stages
of a Pipelined Programmable Level 1 Trigger

- glectrons
- jets

T

Lotency

[

Corpus Christi 10/2/92

[Stage 4]l[;,...g [stegs 2] l[;;;;q EROW data
Vm_i———‘--o ns
Algorithm | /] 1
execution 16 ns
time \ l 139 ns
\I\ +48 ns
- mi%—m' ‘.rmi“‘"64 ns
- T
p— . *__m_l__q.___..l‘_.m*_-' 80 ns
) T96 ns
| 1112 ns
L — T e em T 128 ns
i s T 144 n
P s _'—__—-4—1"""'-1-—1—_-___*_.&!!.1!.& S
| I:m[tm'zm--wo ns
W“176 ns
I V192 ns

~ Calorimetry in HEP

- Time

Dario Cr‘dse'_t'to

—




Question asked at this point:

- how can you control the data-flow
interruption in a thousand
processor array ?27?

Answer:

- watchdog circuitty at each
3D-Flow processor
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One Channel of the 3D-Flow |
Pipelined Parallel Processing Architecture ;

-

Stege 8 Stage 7 Stage 6  Stage 5 Stage 4  Stage 3 Stage 2 Stage 1 %
y

s

ger = Watchdog: ]

Watchdog Data—Flow Control

SSCL 10/23/1992 Dario Crosetto
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.190
NOTES:
1. GOLD PLATE 60u~225, INCHES OVER 50,~350, INCHES JREF
MIN NICKEL. e
2. HEAT SINK TO BE ELECTRICALLY ISOLATED FROM ALL PINS J1\
. SEAL RING TO BE ELECTRICALLY CONNECTED TO vSS. )
==
4. MATERIALS SHALL CONFORM TO LSI SPEC JBD0-000002-00 bc
LATEST REVISION AT TIME OF PURCHANSE. TN

5. ALL VIAS TO BE 50LID SUCH THAT VOIDING IN VIa
WILL NOT REDUCE THE VIA CROSS SECTION
BY GREATER THAN 20 % V1A DIAMETER.
(0/76 VIA 3 LTPDI

6. T-BAR STAND OFFS TO POINT TOWARDS CAVITY CENTER.

7. LEAD RESISTANCE: SIGNAL---10 MAX. -n-
DETAIL "B
B. RCFERENCE VENDOR NTK: |PKA4F +-635ZA. ETalL
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Differential Waveform

Single Ended
OoA-Vo OA~VO
VoAz.Voll = -100mY = +100mV
1 OV Difr, v Vth
VoA

e\

+100mY¥
Vod=VoA-Vob !

12V

0.8V

+ 400mV

OV Diff.

- 400mV

» Small signal swing eases rapid switching speeds
 Differential signals provide noise immunity




TABLE 1. Estimated number of Gates required for a 60 MHz 3D-Flow chip assembly (32 cells)

3D-Flow with 32

Functions/ | Gates/3D-Flow Gates/ celis/chip.

Unit Logic Function Chip cell Unit Gates/Chip

3D-Flow core | Register File 32 3,072 11,422 98,304
ALU 20-bit 32 900 28,800
Program RAM 32 6,400 G. equiv. 204,800
Prog. RAM conwrol | 32 250 8,000
Internal Host Interf. | 32 800 25,600

Additional MAC 27-bit 32 4.500 4,500 144,000

core

Interface 10 Look-up Table 3 6.144 G. equiv. 6,144 24,576

Calorimeter (256x12-bir)

Host UART 1 1,000 1,000

Interface

Output MUX Out 24 250x4 1,182 6,000
Direct Out 136 182x1 24,752

FIFOs Top 8x12-bit 32 192 G. equiv (x1) | 752 6,144
Control Top 32 80 2,560
NEWS 2x12-bit 128 120x4 15,360
Control+MUX 24 200x4 4,800

3D-Flow w/o 13,356

CAL interf.

w/o MAC

3D-Flow w/ 19,500 450,696

CAL interf.

wfo MAC

3D-Flow w/ 24,000 594,696

CAL interf.

w/ MAC
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PRELIMINARY RESULTS ON A NEVIS ANALOG MEMORY
GOAL: DEVELOP AN AM FOR HI PRECISION CALORIMETRY FOR GEM AT SSC.

8 DIFFERENTIAL , 200 CELL CHANNELS.
— 60 MHZ SAMPLING , SIMULTANEOUS READ-WRITE FOR PIPELINING.
5 MHZ MUX READOUT TO ADC’S.

0.1% CALIBRATION , TWO 12BIT RANGES FOR 16 TO 17 BIT DYN. RANGE.
TEST 'CHIPS: ( ORBIT 1.2U DMDP N WELL PROCESS )

8 CELL 4 CHANNEL , INDEPENDENT R-W , NO DECODING = FINISHED

1

"2 48 CELL 4 CHANNEL ', INDEPENDENT R;W « FULL DECODING +~ FINISHED
3 SaME AS.2 WITH OUTPUT MUX AND BUFFER QUTPUT TO ADC - DESIGNED
4

SAME AS 2 WITH PUSHPULL W-ADDRESS LOGIC TO STUDY NOISE.

PRELIMINARY RESULTS FOR 4 CH 48 CELL CHIP: ( 12 FORSIGHT TINY CHIPS )

1 DC LINEARITY ( MAX.DEV. ST LINE ) 0.1 %
2 DYNAMIC RANGE - ' > 3 VOLTS
3 TOTAL PEDESTAL NOISE ' < 1 MV,
4 PATTERN NOISE DEPENDENCE; DC INPUT VOLTAGE INVARIENT
WRITE FREQUENCY "
: ADDRESS PERMUTATION ? -
_ 5 CHANNEL CROSS-TALK - MOSTLY THRU PACK.
6 INDUCED NOISE FROM READ TO WRITE PROCESS <1 MV
7 " " " WRITE * READ " > 1 MV OF BINARY NOISE
8 DROOP : ) < 1MV / 10 MSEC.
9 AC LINEARITY FUNCTION OF DV/DT
10 6 V. POWER VDDA . 15 MW
5V, ™ VDDD AT 60 MHZ 11 MW

11 ALL CHIPS WERE FUNCTIONAL , AND NONE HAVE BEEN DAMACED DURING TEST.

SOME CONCLUSIONS 3 :
——I—BYNARY EDGE CHANGES ARE INDUCED THROUGH INPUT PAD TO SUBSTRATE

Ci.PACITANCE ,AND NOISE IS ADDED BETWEEN THE SUBSTRATE AND EXT. GND.

OUR DIFFERENTIAL READOUT REJECTS COMMON MODE NOISE , BUT HAS
TROUBLE WITH VERY FAST EDGES, '

2 AC LINEARITY IS LIMITED BY THE WRITE SW RES. DEPENDENCE ON SIGNAL
VOLTAGE TIMES DV/DT.

3 WE SEE SYSTEMATIC EFFECTS FROM SEQUENCE PERTURBATIONS.
THESE STUDIES REPRESENT OUR MAIN TEST EFFORT.
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COMPARISON OF AM AND HI SPEED ADC SCOLUTIONS

ADVANTAGES OF AM SOLUTION:

REDUCES ADC SPEED FROM 60 MHZ TO S OR 10 MHZ.
ALLOWS MUX OF ADC FOR & CHANNELS.

ALL SAMPLES CAN BE CHOSEN FROM Tﬂﬁ SAME GAIN SCALE.
LOWEST COST SOLUTIO“.

LOW POWER,

" ACCESSABLE TECHNOLOGY -~ CMOS. "™ o

ADVANTAGES OF HI SPEED ADC SOLUTION:

1.
N 2.
.3,
‘.
5.
6,
7.
8.

NO ADDRESS SEQUENCE PERMUTATION NOISE AS WITH THE AM.

NO CELL NUMBER RELATED CALIBERATION CONSTANTS AS WITH THE AM.
POTENTIALLY BETTER LINEARITY FOR SAMPLES WITH LARGE dv/dt.
NO CELL NUMBER DEPENDENCE OF SAMPLING TIME AS WITH THE AM.
NO LIMIT IMPOSED ON LEVELl LATENCY.

NO LIMIT IMPOSED ON LEVEL1 RATE.

NO LIMIT IMPOSED ON TIME WINDOW..

PROVIDES DIGITAL INFORMATION FOR LEVEL1.
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COMPARISON OF AM AND HI SPEED ADC SOLUTIONS

DISADVANTAGES OF AM SOLUTION:

1.
2.

3.

4.

6.
7,

SIMULTANEQUS READ AND WRITE REQUIRES ADDRESS SWAPPING.
REQUIRES A LARGE NUMBER OF CALIBRATION CONSTANTS:

CORRECTIONS FOR EACH OF 200 CELLS.
CORRECTIONS FOR NON-LINEARITIES.,

ADDRESS SEQUENCE PERMUTATIONS PRODUCE SYSTEMATIC NOISE THAT

" CANNNOT BE REMOVED BY CALIBRATION.

LEVELl LATENCY IS LIMITED TO A FEW MICROSECONDS.
LEVEL1 RATE IS LIMITED BY THE ADC TIME.

THE TIME WINDOW IS LIMITED TO‘ABOUT 5 SAMPLES.
INFORMATION FOR LEVELl MUST BE PROCESSED SEPARATELY.

DISADVANTAGES OF HI SPEED ADC SOLUTION:

1.
2.

REQUIRES 60 MHZ 10 TO 12 BIT ADC.

REQUIRES DYNAMIC RANGE SPLITTING.

NO SHARING OF INPUTS WITH THE ADC..

HIGHER COST.

HIGHER POWER. - .

DEPENDS ON LESS ACCESSIBLE TECHNOLOGY ( BIPOLAR OR BICMOS ).
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CURRENTSPLITTER BASED ON FERMILAB SCHEME
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SUMMARY

AMU DEVELOPMENT:

1. OUR FIRST GOAL IS TO FULLY UNDERSTAND THE SYSTEMATIC ERRORS
. RELATED TO ADDRESS SEQUENCE , ADDRESS SETUP TIME , AND COUPLING
" BETWEEN READ AND WRITE PROCESSES.

2. THIS REQUIRES BUILDING ADDITIONAL TEST CHIPS TO SEPERATE SUBSTRATE
NOISE INDUCED BY CURRENTS THROUGH THE PACKAGE LEADS , AND NOISE
IhDUCED BY ON CHIP SWITCHING.'

3. WE ARE CURBENTLY DEVELOPING AN OUTPUT BUFFER AMP TO EASE
THE PROBLEM OF INTERFACING TO THE EXTERNAL ADC.

4. WHEN THESE ISSUES ARE RESCLVED WE WILL BUILD THE FULL SIZE ,
8 DIFFERENTIAL , 200 CELL PROTOTYPE CHIP THRU ORBIT FORESIGCHT.

DIRECT DIGITIZATION AT 60 MHz:

l. WE ASSUME FOR NOW THAT INDUSTRY CAN SUPPLY 10 BIT 60 MHz ADC’S
WITH AFFORDABLE‘CDST AND POWER REQ.

2. WE WILL DEVELOP A RANGE SPLITTER AS AN ALTERNATIVE TO THE AM ,
BASED ON AN ACCESSABLE ( TO US ) TECHNOLOGY.

3. WE ARE PURCHASING DESIGN TOOLS FROM TEXTRONIX FOR THEIR CUSTOM
PROCESS.

4..THE ORBIT 2 BICMOS PROCESS ( USED AS A DEVELOPMENT TOQOL BY

FERMILAB FOR THEIR DIGITAL P.M. ) IS AVAILABLE TO US THRU
FORESIGHT. -

TEST MODULE DEVELOPMENT:

WE WILL BUILD A MULTI-CHANNEL AMU -~ ADC TEST MbDULE,BY THE END
OF ‘93 TO TEST THE SYSTEM FEATURES.THIS WILL INCLUDE CONTROL ,
DIGITAL BUFFERING , AND OUTPUT LINK.

173



vil

12.5

10.0

7.5

5.0

Number of Cells

2.5

0.0

Sample at Peak (—Pedes’ta_l)

-
IlllilllllllIllllllllllll

2490 2495 2500
ADC counts

2505

ueoW

£ 0=0 L6%C



Presentation by:

"R. L. Wixted

175



o CsC Readoort ..

. Keovrements 3 Oprions

L Rl Wikt d
_ ~ Prucetsn Uunio.

e .. _SNev Wz

177



2 Ruber

| Analos ™ | 4

_ Ave Obons

178

. o= Andlos Budlen Qﬁwm@\l{ S



C/SQ EQ‘#\NW\WJ’,S S\&rhmav»]
'Av;;,;;g; Nodron ate -

R naj—'}_\ ﬂe..,\ (2 tog)t snop,)(ame*) 2 (000 hewlvmsfeac.

Pmuq o Tl

e g - —

éfimhkm A&ewxw‘@t:f_: S | ﬂf__'_: o
(af 3%21%) < 2. 7§Q§)

o Spebied SR % VEIE |

\ < e
'*"h%?m“sm . G ( 8 ) 2 133
Su:}vxq/l A'W-m[ 4‘-«1.(__ QQM.%

_ MW\ =z 4-0 V_ Mot.;:'zso 3»\[3«:\\#-5

| D_;V\awﬂ;el Qa.m,ggg_

Rllsedde SpR = 1e (m ) §S¢

| ( lo b‘f\{'s )
179



CSC Readout Buplibud ¢ D
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3D-Flow Processor for a Calorimeter Programmable Level-1 Trigger

D. Crosetto
Superconducting Super Collider Laboratory*
2550 Beckleymeade Ave.

Dallas, TX 75237

Abstract

The types of detectors and the physics involved in present
experiments are reaching a level of cost and complexity so great
that it is preferable to implement a programmable trigger solu-
tion at all levels rather than a system realized with cabled logic.
Experience demonstrates that fine tuning on the trigger is often
achieved only after running an experiment and analyzing the
first data acquired. A Level-1 trigger is required to identify ob-
jects (particles such as electron, jets, etc.) with programmable
algorithms at 60 million frames-per-second. These require-
ments have led to the design of a special “3D-Flow™ processor
that, together with a special pipelined parallel-processing ar-
chitecture, allows a sustained data rate of 60 million frames-
per-second. The 3D-Flow is a data-flow processor that can be
used in one-, two-, or three-dimension array for high-speed sig-
nal-processing applications such as identifying objects in a ma-
trix in a programmable form. Feasibility studies demonstrate
that with present technology a 3D-Flow chip consuming 8 W,
and accommodating 32 processors at 60 MHz can be built
1oday, and that the same chip can be built one year from now ata
120-MHz clock rate.

I. INTRODUCTION

The Superconducting Super Collider (SSC) is being built to
study high-energy physics. Every 16 ns, proton beams will col-
lide and the particles produced by the collision must be identi-
fied and studied. Many detectors will be used to detect and iden-
tify the particles. The calorimeter is one of the sub-detectors
used at the SSC. Two proton beams will collide in the center of
the calorimeter, sending particles to the calorimeter towers in
the barrel and end caps. The amount of energy released in the
collision is detected and then transferred through channels to
digital processors, where the identification of particles is begun
in Level-1 triggering. The triggering mechanism must be able
1o rapidly reduce the amount of data by discarding unimportant
data. The calorimeter will provide Level-1 trigger information
regarding electrons, photons, jets, and missing E; (such as neu-

*Operated by the Universities Research Association, Inc.,
for the U.S. Department of Energy under Contract No.
DE~AC35-89ER40486.

trinos).! The starting point is the off-line algorithms that require
milliseconds (ms) for execution. The challenge is to find a
given “system architecture,” “processor architecture,” and its
“instruction set” that provide the best and most suitable (to the
component) conversion of the off-line trigger algorithms to a
fast and simple “real-time” algorithm that will still have high
particle-identifying efficiency.?3

II. PHYSIC REQUIREMENTS

With a programmabile sclution, it is possible to use the same
electronic (commonality) chain for several experiments. For
this reason, and because all physicists do not accept a specific
type of trigger algorithm, a programmable solution is highly
desirable. As an example of programmability, many trigger
algorithms have been implemented. Among these are finding a
local maximum, calculating cluster and transverse energy,
comparing cluster and partial sums to different threshold, deter-
mining whether an electromagnetic cluster is isolated from
nearby energy deposition, and determining whether a 4 X 4 ma-
trix is a possible jet. There are many conditions to test when
making the Level-1 decision. As an example of a program-
mable system, a few methods that will verify these conditions
will be implemented using the 3D-Flow parallel-processing
system array. Figure 1 shows how to check some of these condi-
tions.

In order to distinguish electrons and photons, the “em” trig-
ger tower energy must be greater than a threshold, the “had” to
“em” ratio must be very small, and if isolation is to be achieved
in Level 1, the surrounding towers must contain only small
amounts of energy. For jet identification, the sum of a tower
matrix must be tested against a threshold. To distinguish neutri-
nos, the E; sum must be compared with a threshold (see
Figure 1). An isolated electron should be recognized by a large
amount of energy deposited in a small area (about 1 tower wide)
while a jet's energy should be spread out covering a large matrix
of calorimeter towers. Figure 2 show the flow-chart of the algo-
rithm that executes two “em” sum + front-to-back + isolation +
jet finding.
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FIGURE 1. Trigger algorithms examples.

ITI. 3D-FLow PROCESSOR ARCHITECTURE

The architecture of the 3D-Flow processor is shown in
Figure 3. The 3D-Flow operates on a data-driven principle. Pro-
gram execution is controlled by the presence of the data at the
five ports (North, East, West, South, and Top) according to the
instructions being executed. A clock running at a frequency of
60 (or 120) MHz synchronizes the operation of the cells.

IV, 3D-FLow PIPELINED PARALLEL-PROCESSING
ARCHITECTURE

Figure 4 shows the 3D-Flow processor in a pipelined paral-
lel-processing architecture.> The program execution at stage 1
must not only route the new incoming data from the calorimeter
to the next stage in the pipeline staging (stage 2), but must also
execute its trigger algorithm. A graphical representation of the
input and output results and the data flow in the pipelined archi-
tecture are shown in the timing diagram of Figure 3.
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FIGURE 3. 3D-Flow cell architecture.
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V. 3D.FLow CHIP ASSEMBLY AND BOARD
ASSEMBLY

Preferably the assembly of the chip should be in a good ther-
moconducting package with good power and ground distribu-
tion, such as the 447 Ceramic Pin Grid Array with 96 pins of
Vce and Gnd. Feasibility studies demonstrate that with present
technology a 3D-Flow chip consuming 8 W, and accommodat-
ing 32 processors at 60 MHz can be built today, and that the
same chip can be built one year from now at a 120-MHz clock
rate. Figure 6 shows an assembly of 8 x 3D-Flow chips on a
single board, thus making it possible to analyze calorimeter
channels relative to a 0.4 x 0.4.
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FIGURE 6. Board of the programmable Level-1 trigger with
3D-Flow array.
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