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SUPER.CONDUCTING SUPER COLLIDER DATA COMPRESSION AND 
DRIVER/MODULATOR ARCHITECTURE 

by 
B. J. Cooke, K. S. Lackner, D. H. Sharp, c. L. Winter, end H. Ziock 

Los Alamos National Lab 
MS·J580 

P.O. Box 1663 
Loa A.lams, N.M. 87545 

LA·Ult·91 ·3451 

Abstract 

We present a prototYJ)e architecture that provides chip· 
level data coq:iressioti and high·speed optical drive 
capabilities for rad·hard S1.4Jerconducting Super Collider 
data acquisition appl icatfons. The data c~ession is 
acc~l ished through a pipelined edge·detection and 
clustering algorithm, whjle the driver/n11xkdator uses hfgb .. 
throughp.at data·menagement techniques, including variable 
register lengths, bus queuing, and time-division· 
111Jltiplexing for fast optical·data transmission. An 
architecture of this sort can provide efficient transmission 
of a very large nunbers of events. 

I. INTRODUCTION 

The generic architecture of an imer·detector systeM fa 
shown in Figure 1. The basic detector i..ift considered here 
is a silicon PIN·diode strip detector consisting of 500 to 
1000 strips. A particle traversing a wafer will activate a 

STRIP DETECTORS 
0 

AllPWFlCATlON. WAVESHAPlNG, AND 

THRESHOLDING 

CODING, COMPRESSION, AND/OR DELAY 

DRIVER/MODULATOR 

OUT OF DETECTOR 

Figure 1. SSC Inner·Oetector Architecture. 

cluster of strips. The 11SPlified strip signals provide the 
information on the position of a partfc:le(s) in one 
dimension. The data acquisition task. is to extract the 
locations of the activated strips and transmit this 
information to an external data-processing unit that can 
integrate information of many strip detectors. 

Our paper will focus on a pipelined data cCJl'l1)ression and 
the driver/modulator architecture of the imer·detector 
system. Detailed information conc.erning the application of 
the data C0111::1ression and driver/modulator in our 
pr~t/delayed·channel pipelined encoder architecture can be 
found in C1J • 

II. DATA COMPRESSION ALGORITHM 

The data coq:iiression is acc~l ished by transmitting 
cluster fnfonation instead of infonaetion about individual 
strips. The algorithal proceeds 11 follows: The raw data are 
first edge-detected, redJcing the clusters to a series of 
edges. Then, ming a pipelined architecture, the relative 
offsets of the edge boln::lariu ere fouid. The resulting 
compressed date vector f 1 then c~ed of the nuaber of 
edges, the offsets of each edge from the pr-evfous edge, and, 
ff desired, the total ~r of hfts. 

An illustration of the algorithm follows. Figure 2 shows 
a t6 bit (strip) detector with three 11clusters• and a binary 

CLUSTERS 

1 

0 

o 4 e e 10 12 

0 0 1 0 0 1 0 0 1 0 0 0 0 

ff.,.-e 2. t6-Sit Detector With Three ctusters. 

14 

0 

data vector repr-esenting the cluster edges. As the data 
vector is •paned through" the pipelined encoding algorithm, 
the edges are detected and the edge offsets cOU"tted. The 
decilul encoding of the three clusters in tenns of pipeline 
stage, edge COCllt, and accUIKJtated' offset recb:e to the 
fol lowing: 

Stage U!!sn Qlli.!! 

0 0 0 
1 0 1 
2 1 2/0 
3 1 2/1 
4 1 2/2 
5 2 2/3/0 
6 2 3/2/1 
7 2 2/3/2 
8 3 2/3(3/0 
9' 3 2/3/3/1 
10 3 2/3/3/2 
11 3 2/3/3/3 
12 3 2/3/3/4 
13 4 2/3/J/5/0 
14 5 2/3/J/5/1/0 
15 5 2/3/3/5/1/1. 



Note that the ''/" denotes en edge bcu'ldary Ind that it also 
needa to be encoded. The ~tvelent binary representation of 
the date vector in Figure 2 is 

1!!s! Acct.1nJlator U!!i!! 

0 

Data Vector 

0 [Offset] 0 
[Edge] 0 

1 
0 

2 10 
01 

3 101 
010 

4 1010 
0100 

5 1011 
0101 

6 10111 
01010 

7 101110 
010100 

8 101111 
010101 

9 1011111 
0101010 

10 10111110 
01010100 

11 10111111 
01010100 

12 101111100 
010101000 

13 101111101 
010101001 

14 1011111011 
0101010011 

15 10111110111 
01010100110, 

0 

10 

10 

0010010010000110 

010010010000110 

10010010000110 

0010010000110 

010010000110 

10010000110 

0010000110 

10 010000110 

11 10000110 

11 

11 

11 

11 

0000110 

000110 

00110 

0110 

100 110 

101 10 

101 0 

where the input date vector is in the right h.nd col..-n and 
the accum.ilated ec::lge boc.n:lery .-.d offset are on the left. 
The edge location mid offset are now represented by two 
separate bfnary vectors. Note that a single vector el--.t 
can be processed per pipeline stage al lowing the algorithm 
to be fq>lemented with a 60·MHz syst• clock (we are hard· 
pressed, as it is, to find a low·power, rad·hard CMOS 
process capable of 60·Mffz operation, let alone a higher 
clock rate). Also, note that the c""'ressed data fa right 
(or left) justf ffec:I. 
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Figure 3. Conpressor Architecture. 

III. COMPRESSOR AND DRIVER/ 
MODULATOR ARCHITECTURE 

A prototype cC11=1ressor architecture is showi in Figure 3. 
The c~ressor would accept ., N·btt data vector, edge 
detect, and ft coq)resaes the edge data utilizing the 
prevfat.mly described compr ... fon algorithll. The edge 
detector and caqx-ftSor can be lmpl~ted with relatively 
straight-forward digital logic and shift registers for the 
required pipelined architecture. The resulting two output 
vectors would then be c~ed of the .....mer of edges + edge 
bcxwdarfes and the 1"11.Dber of hf ts + edge offsets. 

Typically, since N is on the order of 500·1000 bits and 
realistic chip ll1"Jt/Outputs (l/0) are on the order of 100· 
200, ;nput vector segmenting is r~fred. A practical 
realization of a four· segment 4x128 (512-bft) canpressor and 
driver/modulator archftectutt is shown in Figure 4. The chip 

I '1+ 129-BIT BUS 

\Cl.I\, TllG OP'TlaL CLOCK IN (CLX) 

OPTICAL TRIGGER I" (TRC) 

OPTIC.AL OUT 

Fl_. 4. 4x128·Bit CCIApresaor and Driver/MOQllator. 

set is COllpOSec:I of four 128·bft COllPf'nsors. On arrival of 
the external trigger, the ca.pressed data fs -..ltiplexed 
over a 7+128-bit data bus to the drfver/.ac:kllator chip for 
optical tr.,..isaton. \Iii le a segmented architecture al lows 
the iq>lementation of chips with reasonable 1/0 pin counts, 
data c_,ression fs degraded as will be discussed fn Section 
IV. Figure 5 shows the correspording driver/modulator 
architecture for the 4x128 ccq>ressor. The 4x(7+128)·bit 
vector segments are sequentially read mid stored in the bus 
buffer registers. After the bus buffer •C4Ji res ·all four 
data segnents, a fast block tr81"11fer of the segments is made 
to the ti•·divislon·.,ltiplexing (TDM) buffer where each 
ses1111nt la then soquontially shifted into the TOM variable 
lmigth drive register for optical tr.,..faaion. The TOM 
variable length drive register provides a means of sending 
only non .. zero coapressed fnformtfon (deter11ined by the 
edge·ccuit vector), preventing the trans11ission of redurdant 
fnfonnmtf on. The 2:1 TOM modulator takes advantage of the 
equal lengths of edge bouidary and offset vectors. Note that 
en optical clock and trigger are uaed to 11inimize time 
jitter. 

IV. MONTE CARLO SIMULATION 

The compression efficiency of the algorithm for single 
and nJl tiple s~ted compressors wes evaluated with a 
sfq>le a Monte Carlo sinulation. The sh1a.1latfon observed the 
fol lowing steps: 

.Ci) Random selection of the positions of clusters 
over the width of the detector wafer. 

(ii) Randan selection of the width of each cluster. 

Ci ii) Calculate the encoded binary representation. 

(iv) Repeat 1·111 to determine the average 
c~ression ratio. 
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A uniform dlstrlllution Is us.-d for (fl - (ii). In 
addition, the clusters •re c~ed of 1 to 7 hit strips and 
are allowed to overlap. The average caapresafon ratio was 

··deftnod .. 

Total Nuit>er of Stripe 

<Offset Vector + 804.rdary Vector>, 

where <> fndfcetes averaging over 25 samplH. FfgurH 6 and 
7 show the compression ratios for a single-segment and a 4· 
segment 512-bit C°"1)res1or. The single·seg111nt cClllpf"essor 
yields • 15:1 compression for • single cluster .nd 6:1 for 
five clusters, while the 4·s9911111t provides • 7.5:1 MCI 
4.5:1 compression ratio for one and ffve clusters, 
respectively. The degraded efficiency is caused by the 
reduction in binary encoding efficiency Mith decreasing 
vector size and encoding chaters which overlap s~t 
boundaries (such clusters require two or llOre bfnary runbers 
to encode). Hence, coq>ressfon efficiency ts penalized •• 
the ""'*>er of segments are increased and dmta vector lengths 
are reduced. Technf~ to hr~rove segmented c~ression by 
cont>ining segments before transmission are t.nder 
investigation. Note that the sua of the offsets in a segment 
will always add up to the segment size, thtJS providing an 
end-of-transmission 11.11-check .. 

V. CIRCUIT DESIGN CRITERIA 

This section considers various design criteria associated 
with the practical i"fll ementat ion of the coq:iressor and 
driver/modulator architecture. 
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Fi..-e 6. ~resafon Ratio for a Single-Segment, 512·Bit 
Vector. 

A. compressor Register Requirements 

The 11ini- rut>er of registers required to fq>lement a 
512·bit coq>ressor architecture for 1 to 8 s._.,ts ass':8'ing 
a 60 MHz clock rate, 1-shift/cycle, and 1-add/cycle 11 as 
foll-: 

Segmtnt Sfzt 

51Z 
Z56 
1Z8 
64 

I Resisters 

393K 
1961( 

981( 
491( 

cgmression 

15: 1 
10.5:1 
7.5:1 
5:1. 

Note that the pipeline delay, c~ession efficiency, 
bencfwfdth (the product of segment size times 60·MHz clock 
rate), ard l'Ulber of registers Cf .e. circuit density Wld 
power dissipation) can be traded off. Again, emphasis should 
be placed on the fact that segment size will be li11ited, by 
practical engineering considerations, to 1/0 pins couits of 
100·ZOO. 

An esti•te of the approxiinate power dissipation per 
register can now be obtained .. Uafng the 4x128 c~~essor 
chip discussed in section III, there are 25K reg1ste~s 
required per ch;p. If a total of 250 "" of power 1s 
allocated for the data c~ression of 512 bits, then each 
chip is limited to approximately 63 ""•or leav_ing ~ess_than 
2.5p\il per register not inclu:tfng overhead ch.1p c1rcu1try .. 
Note that the c01Apressor architecture requ1res SOX more 
registers than does• si...,le delay line architecture. 

B. Driver and Optical Modulator 

The driver/modulator chfp can be hr.,lemented with various 
technologies depending on cost. speed, power dissieation, 
and.carplexity. For our SSC applications, wear! cons1~rin9 
three corrbinations of driver·a.odulator topolog1es: Sit1con· 
LiN~, GaAs·LiN~, and GaA.s·GaAs. The silicon and _GaAs 
dr;vers dev;ces would be bipolar erd HESFET respect1vely 
while the LiN'?OJ and Ga.As modulators are both electrooptic 
waveguide devices [2] .. 

A sllm\8ry of the three driver/modulator technologies 
under tonsideration is as follows: 



• • • • 

Figure 7. C°"'ression Ratio for 1 Four·Segment, 512·Bft 
Vector. 

Driver·Modulator 

Sil icon·L iN"°3 
GaAs • Ll N"°3 
GaAs·GaAs 

Moderate 
Moderate+ 
Fut 

Technology 

Mature 
New 

under Devel_.t. 

The first two technologies are hybrfd devices where the 
LiN~ modulator is wire bonded to the silicon or GaAa 
stbstrate i.llile the third integrates the driver Md 
modulator on the same substrate, reducing perasf tic losses 
and potentially reducing production coats. The best power· 
speed figure fs realized with GaAs Hfgh·Electron·Mobi l fty· 
Transistors CHEMT) (3]. However, it should be noted that 
HEMT processes are still primarily confined to laboratories 
and not readily comnercially available. In addition, GaAa 
chips in general exhibit a lower therllBl conc:U:tivity then 
its silicon COU'lterpart. 

our preliminary design goal is the devel_.t of 1 
silicon·LiNbnir driver/modulator operating at 1·5 GHz with a 
power dissipat'ion of 250·50Qnl (if this goal is ...,.ttainable 
we will then focus on an HEMT driver>. The optfcal lllCdJlator 
prototype is a Mllch·Zehnder interferometer C2l _adapted for 
a low drive digital voltage [4]. A LANL radiation exposure 
t~4 of the LiNbaa: Mach·iehnder interferometer (total dose 
10 647 MeV prot'ons/cm ) C5l along wf th the appropriate 
selection of optical fibers [6] indicate that good 
resistance to SSC level radiatioti exposure can be expected. 

VI. CONCLUSION 

We have presented a prototype architecture that provides 
chip-level data Coqlression and high-speed optical drive 
capabilities for rad-hard Superconducthlg Super Coll hier 
data acquisition applications. We have discussed how data 
c001>ression is accomplished through clustering and 
introduced a flexible high-speed driver/modulator for fast 
optical-data transmission. A practical 4x128 COl!f're&sor 
architecture was introduced to illustrate the algorithm. \le 
believe an architecture of this sort can provide efficient 
transmission of very large nurbers of events. 

[11 

[3] 

[4] 

[5] 

[6] 
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SILICON TRACKING SYSTEM WAFER SHELL 

Silicon Strip Detector 
With Electronic Assembly 

Bus 

_._I I .-...._ • 
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Connector 
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DOUBLE SIDED SILICON STRIP DETECTOR 
WITH ELECTRONIC ASSEMBLY 

Hybrid 1 

MEE-12/WM-512a 
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OPTICAL DRIVER/MODULATOR 

Hybrid 

Optical Clock In 

"' 
.-.:::::.=~Optical In 

Trigger is Optical 
or Electronic 

.a:·::::1 Modulator 

Optical Out 

, MEE-12/WM-513 
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TECHNOLOGICAL ADVANTAGES OF HEMTs COMPARED WITH VARIOUS 
COMPETING HIGH-SPEED DEVICE APPROACHES 

Uniformity 
and 

Performance Controllablllty 
Device (aVy/swlng Material Total 

Approach Speed Power ratio) Fabrlcablllty Problems Advantages 

HEMT Excellent Very Good Excellent Excellent Good Excellent 
La= 0.5-1 µm 10 ps 0.1 mW 10-20mV Simple Defect and 

Highly Geometry Contollable (2%) MBEand Trap-Free epl 
Dry Etching High Throughput 

GaAsMESFET Good Good Good Excellent Good Good 
LG:0.5-1 µm 20-30ps 1mW 60mV Slmple Defect-Free Ingot 

Poor Geometry Controllable (10%) 
GaAs/AIGaAs Excellent Good Excellent Complex Good Unknown 
HBT 10-30 ps 1mW (<1%) New Process Defect and 

Required Trap-Free epl 

SIMOSFET Very Poor Very Good Excellent Complex 
High Throughput 
Excellent Difficult 

&Ops 0.1 mW (1%) To High 

SI Bipolar Good Poor Excellent 
Speeds 

Complex Excellent Difficult 
30-&0ps 1-10mW {<1%) To Large 

Scale 

M. Abe et al, Semiconductor and Semlmetals, Vol. 24 



SILICON TRACKING SYSTEM 

2-LAYER HYBRID 

lnsulator---1~::;;::;;;;:;;;;:;;:;;:;;;;;;;;,;;,;;;;;;;;;;;,;;;;;;;;;;;;;:;;,~ 
Ground Plane 
Strip Une --~J;:,...,.,,..,..,~"'7"77777.77.:n;rn777777i7,"77;?:;;7:;77'777777:~~?l 
Ground Plane-....r~CL..CL.t.~~'LL.L.GC£..~~:.£...t.~~~~~;..£....:~.c..c."'-"-LL.'i"''4 
Strip Une--..._1-
Ground Plane ~"7''7?777777:1'7''77'777777.77'.:m'??'??'77.'77.'77.'77.??;77/~77.~ 
lnsulator---...e::::::::~~~~=====::~=:=:::::~~::'.~~~? 

b=55µm 
t: Sµm 

W:25µm 
p:SOµm 

M§lt!i!1=1ial Z2 A ttem,u:it ;I.on '.!:l:l~D!!ill Bgsj.s:tDD~il Bil!Ui!t.i.2n J&nath 

(ohm) (dB/cm) ~/OOA#I (C/W/cm2 ) (%) 

Ka pt on 47 3.4 1.03 o. 31 

AlN 30 5.3 0.017 0.44 

BeO 34 4.7 0.017 0.36 

Alumina 29 5.6 0.061 0.47 

SiC 14 ll.7 o. 017 0.44 



-• • 

:i 

•• •• 

•• •• 

•• •• 

> -· '" 

-!i •• 

• 

i 

-~ ... -- .. 
:I -+ 

.! • • 

.1 •• 

> •• >. 



Presentation By: 

Dan Marlow 



Muon Trigger Comparison 

, Pipelined Muon Logic 

• Advantages 

Conceptually Simple 

Robust: Immune to extra hits 

,.....,, Zero deadtime 

• Disadvantages 

Cable intensive (not so bad for barrel RPC's, but get
ting up there for endcap CSC's) 

- (probably) requires custom IC development 

Associative (Content Addressable) Memory Logic 

• Advantages 

Greatly reduces cable plant 

Robust: Immune to extra hits and inefficiency 

• Disadvantages 

Cannot obviously be pipelined 

Requires custom IC development 

Question: Can we get the best of both worlds-i.e. a 
pipelined scheme with a light cable plant? 



I '7-- •• • Layer3 -:\231455 7 256 
Content Addressable Memory 

Logic for Muon Trigger 
Layer2 \-I -/.---- •• 

-- T""" 6 7 ·-
Layer 1 --;- -;- ;-

5 6 7 

8-bit hit 
address 

123 256 123 

8-bit hit 
..--------. address 

Addr. 

Match 

Match 

Strip Addr. 

• • • 

Match 

Strip Addr. 

Match 

• • • 

256 

Layer 2 

Strip Addr. 
Match 

Strip Addr. 
Match 

Strip Addr. 

• • • 

Match 

Strip Addr. 
Match 

256 

-
256 

123 256 Priority endcoders find hits in 

•''' '·' for each layer in sequence. 

Layer 3 
Strip Addr. 

Match 

Strip Addr. Match 

Strip Addr. 

• • • 

at ch 

Strip Addr. 'Match I I 

Priority 

Encoder 

Match 
Address 



Layer 3 

Layer 2 

Layer 1 -;- -; 3 
5 6 7 

Layer 3 

Layer2 

Layer1 

Layer 3 

Layer 2 

Layer1 

Layer 3 

Layer2 

Layer 1 

Enable 
s·t 

(externally loaded) 

• 
• 
• 
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Outline for LLNL E/O update WI 
• Our latest direct charge-readout data link results using the MIT drift tube 

(now better fidelity than the conventional) 
- link output scope data · 

-sin, voltage and charge sensitivity 
- system bandwidth and signal risetime 
- implications for muon cJtamber timing data, from drift tube data 

• Pulse·belght spectrum from Fess ..... -
\\ 

' 

• Update on IOCC's flip-chip multi-channel modulator packciging work (R. Becker, et.al.) 

• Some E/O system architecture proposals (extrapolating from M. Seman's proposals) 
- Pr (or Nd) fiber amplifiers (at 1300 nm)_ 
- unpolarized optical sources (at 1300 n,0) 
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A Proposal for ()ptical Power Distribution for E/O Modulators, extrapolating 

from the ideas of M. Seman, Columbia l,ll 

Already done by Burns et. al NRL 
and 
Marshall. et.al. EGG/Santa Barbara 
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Fig. I Fast cluster finding system block diagram. Proceeding from bottom to tDp, one secs the 
mapping of calorimeter channels to Data Wave processing elements (PE) followed by the 
mapping of 256 PE's to on FDPP. On the right the data acquisition and reduction phases 
(described in the text) are aligned in order from bottom to top along with the time dura
tion estimates. 
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5) s 1..o .. \.\ ./le h .-.11e mo<e ti.•" one s "',.. f I e f • .. 
eacl. ·s;3,,•l-ele111e•l",.n.I f;lfe • .l;s.-t•ll~ ? 

6) The .f.:lte1 .,,\~of~thrn, s~~'-'lJ ;\, be: 
;t) On f\ae Jetectot- electton\ C 

~) e>t on th~ ll. l•v.~I +,-:~~ea- DSP ? 

~ $ho~\J wa h.,~~ ~he foss,·b,(,·tj to -excl~Je 

the.] level trti~~er .ilgor;t~,., 4!Jceec.rt .. ·on.i 

[ \'\o 2er• sc.t Pt>"e. sii.o") 

') Wh\eh '"'P\li fre,..,ettcj S~4'>'<{J ~~ 
a) c • t\ i ~.,"' o ... s I~ ..... ? 
h) w\~h i .. t.e.,v.1ls .... 

1 
. ... ~ 



to) Ho .u "'.1 .. j cl" ~t e r.s .lo tilt. ccre ct (fr-•. 
.l ~o"tt rarlo S'"'"'l .. t\•-) f..._t~eJI.•~""' Tr't· ! 

Ho-N laY~e 

#l) 1ht 
b) t\~ 

, .. ,~ t b" ff t ~ 
Dul p .. f ~ f.f t\' 

c) ..e lit" 1 :»\ ~ c 

f 3) tJ o - \,o._" J •' f ~ h n. \ t., t ,' e> t\ i" th' a y ta j 3 ~ • • l .l 
Le real,·& e.l .,+~ : 

a) h.:!~ b.1"ol""·clt~ co"""'""'ctlt.-o .. betwee"_ P"' 

b) ~+'-' o"•''"PT''"~ Are-'' ? 
Ho.u \ s c ... , pl e J '-"~+~ · t~ e f.· r·s t l~"el ~-~. ~ 
OY olo .., ... --~e.I fr•tft lst leve.1 Tr•~· · 

a) • ~ol~t'•"' ? 
b) s\~WJer- tn~>c? . 
c-) Jo t/Je ... ,e ''"s'~ to~r eners1 t~res~o1J fo. 

,.~"' 1 ... -,,~ .. ! 



~ 
i 5) Do we nee~ a lar~e ._ .. "'be.r .f •rr~1 

ytoces\ors '"' ., p\peh'"e mo.lot (t.f· D~t~ 
\,tJ;av1,) -t~ c.ile\(li\te f~e e1bollt 1., re.l( ... t,·"'e JfA.r"'•! 

.. ~, 1st re'lel t,;~~er ! 

Do IA.le \.tS( ·l smelll """'~~ .. of olrte>J pt-ces$11t~ 

not i" f''reht1~ lftO~~ (e. !· D.ai.a W'111e) jt.ts t 
; .. orde.v to ~<~e the '"'formclt:o., of fhe re$ .. ·•n 
of i-.ter•\i trot-t +Le f;r1t 1~ t~ e seconJ 

I e "e \ t" ; !~et. ? 

":'\ J '' o l I n · r + '' uo we n~e c'l r.,,,.,,e r1•cess\tt~ >'tteh1 

for i\--e seco._J levG\ tr-:!!er c~p.-Lle t:. 

,·"" p\e\1\e)\t -'U +~e below IT feV'er tr,'!~tr 
a\~of~t\tmsJ or olo: '4'1& nee~ o"I~ pa•t 
of t~ etn ? 

• 
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\ever i...-,~et 01~ .. ,.·t~.t: 

P rfc :: ( % ~1 t) ) e. J( ec f; "'t. 

( 5~s) ' .· ...... 
·~ . 
-

e 
,, ex e.c f ,· "" "-

t) ~-(~ 
i I> ) (s~s) i:t. 

C - I( c 

·· e><.ec:. +,""t 
·(~s~s). 
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')(t~) r'l, ef~tt,, ... (; 

'2:_ E~ + H,,~ 1 , •lr'Ce ~t 

(?) to 
<:: • ! 

~ Ew.\ 
~ 

f., je.t -€.XtC t t l'tt-.t 7)(£~) 
(r) 2: E )'W\ i' Ha~ '? i () 0 '°'-" to 
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Typical problems of . 
Digital triggers & Data acquisition/compaction 

in Calorimetry of High Energy Physics. 

For any number of channels: 

1. Calculate the total energy and 
the transverse energy 

2. Calculate the geographical address 
of clusters (local maxima). 

3. Apply a threshold to the combined energy 
of a local maxima and of its neighbors. 

4. Isolate from the empty calorimeter 
channels: 
- the clusters found along with their.regions 
of interest and 
- calculate their cluster shape-factors 
(e.g. to separate pions/electrons). 



PROBlEH DEFJtJITtOJJ: @ 

CASE -:.rvo~ © 
Opt~o"s for t~e J,f. le"el tr .. 'ffer: 

fC) ft• tr•CC\)PrS -1t I k~tl 

Opf.-... s f., t~e "[ fe"el tr•!~er: 

1 ea) l>AQ := E lo.1. It•~. 
t •) f,.ll !Y• ""''a ,.-f1 
4) 1 F'OPP ::=. (OO ch.11111tls 

f3 ti.) ""t~ o~elaff.'"! ~f'e.as 
ft ~. ~ f ti K. ~,t~ (i.,,.t /•,.1~f INfferJ 

p 0 s $' g LE s 0 LV rrotJ: 
.· 
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·== *1 " ~·· ~. 
.. , 

• • •• .., 
• •• • •• ~ 

•' 

. .. . 

' I~ 't c 
Wl ~: .... :· ...... ••• ., ... • •••1 •••• ••• ,, ... 

.e. ~. C~ lo ,.-""ete.- fO,tJ oo flt J1.,.ifs 
• • • • • • • • ........ 

I = 
.. • • •• 

Hft 
• 

-Ill 
.. 
I 
HH . .... 

··~~ 
UH 

; ... 
~ 

:i i· t 5':: 
• ~ .. .. . .. ......... 
• ••• ....... 

256 x FDPP f"lodules 

for HEP reo.l tlMe o.lgorlthMs 

FDPP o.rchltecture for o.n 

o.rro.y of lOOxlOO cho.nnels 

Eo.ch FDPP l'lodule o.no.lyse 36 

cho.nnels out of 100 do.to.-ln 

GENERIC PEAKFINDING 
a 

D I D 
D I C I D 

D I 0 
a 

All pea.ks o.re found In J-lS&C. -?55 

CLUSTER-ANALYSIS 

SIMPLE JET/ELECTRON FINDER 

a a a a o 
D l l l 0 
Q J c l a 
0 l I l 0 
DODOO 

-~ 



1>1> ........ each FDPP scans 
l>l>MMMM<I 

1> 1> • 1111 .. • <1 <1 100 channels and 
1> 1> 1111 

...... <1 <1 find clusters i:iJ. 1111 ...... a 
~ .. 1111 

.... 4-J. . 42 48 
• • • • • <I <1 lil - µsec 

- - - - ••••• ••••• 
ll. ll. ll. :1: JI JI JI JI JJV V V 
ll. ll. ll. JI JI JI JI ~ v v 
••• ll. ll. • JI JI • v v v v v 
••• ll.ll.JIJIJIJIVVVVV 
••• ll.ll.JIJrJIJrVVVVV 
••• ll.ll.JIJIJIJIVVVVV 

0000000000 
0000000000 
0000000000 
0000000000 
0 0 0 01> If\<> 0 0 0 
o o o o..h vo o o o 
0000000000 
0000000000 
0000000000 
0000000000 

·-

( 



Algorithm 3 
each FDPP 
- scans 100 channels 

- finds type of hit ·· 

- finds local maximum ~~~~ ............... ~ 

- calculate E, I/C, O/C 

different type of hit 

in 62 .µsec 
(electron events) 

OR 



OR 

e 12 

E=C+l:I+~O 
1 i=l 1=1 

~/9:'(1/6 ~I)/C 

(o/*'(1/12 ~O)/C 
-

/\ 

c = C1+ c2.+ c3 " 15 

E=C+C+C+ 2: I+~ 0 
2 1 2 3 . 1=1 1=1 

. 

(o/t(1/15 ~ O)/C 

The same event N.Ja from RUN 22531 on SPACAL (199~ . 

E 1 = 27 .25 Gev 

~/~1 . 0.1667 . 

(o/~ = 0.1544 

E ....:. · 28.25 Gev 2 . 

· {1/c)2 0~2874 
(o /~ = ·. 0.0977 

-------------
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PR08LE.K PEFIN,~T'IO~: 9 

CA~E ~TtJb~ @ 
Op f,·,, .. , for the I le\le.I tt•fff t"' 

S} l 4 c&.1 .. --cl -to f f'•09'\c\•t .· (o.ttt. f•fllct-) 
(() sc ... J '-f ...... J"tlt'•it 1 .. r. t. !l ...... t~, 

-Op\:., .. s '°' +1-t !! le~el t t•'~t'-Y 

1 e1) bA Q :: :li \etc-I fr-.'!. 
i la) -61 .• _zoo"" '" ll p.1,1\c. r~~\otit. 
4 )j..~ ·4' , ......... e' 1. l pt•CtSJ•r ~OPP 
'f.J f:ltet •" .l1tccf,_. 

1) "ltS ( O'fJ(orF ze,~ S"fP') 
ft a,~ 1 Z g k ~,t. ( '"r•t /o .. t,.t ~.ff tr) 
13)) OV~'f\arpi111~ t).'tCi'j 



, ' . 

, 1.MIMD PARALLELHYBRID SYSTEM 

used for: 

- distributing p~es over several processoIS 

- concentrating the proces.9ng power in the region 
of the detector where there are some interesting 
data. . . 

2. DATA FLOW BASED 

used in: 
• 

(a) CAI.ORIMEIER 
- fast data correlation 

(b)1RACKING DEIECIO&~ . 
- should bepOS&ble to reconstruct tracks 11sing 
the data flow principle: -

Procesmng Elements exerute programs 
when the input data is available. 



r ·------

FDPP + DATAWAVE system 
gives the possibility to realize a 

FI .EX I BLEARCIIlTECTURE ·. 

• • 

1. MIMD PARALLEL HYBRID SYSIBM 
(loosely coupled but with both ~erial and parallel exchange) 

on the higher level array proces&>r 
(DSP + Thmsputei"s) 

- with the possibility to change dynamically the t9pology 
• 

of the system (e.g. from a tree structure to a mesh 
structure)· 

• - with 1.2 "Mbyte/s serial links 
- with parallel channels of up to 150 Mbyte/s 

2.DATA·FLOW BASED 
on the lower level array processor (Data Wave) 

- with 750 Mbyte/s maximum transfer rate between 

. chips. 



North 

12 12 

[lll[lli 
t--1-+-+ 

12 

West East 

12 12 

South 

, 



·;. . . . • 

-
Data Wave chips 

The one described in the magazine El
ektronik 12/june 8, 1990 has: 

- 16 identical PEiin program also with one and 
64 PEs) 

- individually programmable 

• working on the data flow principle and or
ganized in a matrix form 

_ each PE is a RISC processor with 12-bit 
rchitecture which operates on the pipeline 
rinciple 

each PE communicate with their four nearest 
ighbors via asynchro:.1ous parallel buses 

ach PE can have a maximum progra1n 
gth of 64 words of 48-h!tseach. 

- ---

~ -



(;) 

A "local maximum" is a channel value 

greater than or equal to its neighbprs 

I I I 
I c I 

8 

E = ~ Ii + C 
I I I i=1 



\ . 

Each DataWave receives 
- the Calorimeter (A/D 

and from neighboring 
I North I 

West 

I South I 

DATA from: 
converters) 
DataWave chips 

East I 

Each DataWave sends DATA to: 
neighboring DataWave processors 

I North I 
~~~~ ... 

I 

r-+--r-+-r-+--r-it-. I [i] 
~+ rru 

West 
!iJ 
!iJ : I East ! , 

...+-~~ 

I south I 



E 1'•1"a · £ r~ f.; 
DataWave pro ram to 
input data int PE 

/• START LOADING FRO OUT ELECTRONIC • / 

[!QJ alu=alu+n•r 11, e=s=r9=n 

ill] alu=alu+n•r 12, e=s=rB=n 

IT[] alu=alu+n•r 13, e=s=r5=n 

I t3 J alu=alu+n•r 14, e=s=r6=n 

/• END LOADING FROM READOUT ELECTRONIC • / 

DataWave program to exchange 
da.ta with neighboring PE 

/• START TO EXCHANGE DATA WITH NEIGHBORING :PE 
I t4 I r2=n, w=r5 · 

lt5J acc=r8+r9 

\ t6 \ r3=e, acc=acc+r5 

@] s=r4=w, n=r5 

~ acc=acc+r3 

\ t9 I w=r5, acc=acc+r6 

\t10 I n=w, , r7=s 
\t11 J rl=n, acc=acc+r2 

\t12 J acc=acc+r4, . s=alu 

/* END OF ·DATA EXCJiANGE WITH NElGHBORlNG PE * 



Algorithm 1 
each FDPP /.r t~t F letJet tr,·i,•~ 

- ,calculates E, I/C, 0 /C (in flo.l tt"ns po1'h t) 

. 15 '\ 1 lfi. µ S ~HAfE FAC.1""0RS 

8 ·. 18 

E=C+ ~~+ ~Oi 
1=1 1=1 !t' 

s,.s 
. 8 

I/C=(1/8 ~\}/C~ 
i=l ~ . ~r~ 

.. .; 

'. 



Algorithm 2 
each FD PP - for t"e '"E te~I t,.11tt' 

- C-alculates Rp (in f\D.i. t'"S poi11t) 

in 15 µs 

25 . ~ r.Eo.4 
i=.t i i 

Rp =--...-
25 
~ E~-4 ·. 
i=! J. 

, 



CASE. ST.Jb~ (j) 

o,t,·.> .. J for i"e l foe"~' tr.:rre~ 
l) 14- e~ a•• els t~ l pr•~• ss•r (I. t. ..n.r) 
f~) ·•'$e>l.ate cl~sfe, at I le11e/, r•'efc. Roi' h 

lt 

Ort,·~"' fa>, the. TI I e{e,f 1 .. ~· ff et' 

! a) TlA & : J1 le"•' t,..-, . 
i. \.) -i.o•"" ,... .t ~t t.-". r & ,, s~•"' 

4) :4, c~., .... .,I s f. 1 ft•e•ss•r FPPf 

'~ F~ft•r ~"' .\.ieeftr 

1) '")~} (QtJ/r>FF ~ero Secf?r.) 
•i a,\ itl K.~te (,· .. r .. tJ. .. t, .. t IM,I ... ) 
il b) o~evl~rr''"j elt't~) 

S D l u T I o t-J c'l s 'e cl\ e @ mo r -t 

'r<e,;s.e ,·"'f~r.., .. t;o"s fro"" tht 1 leiia.I ft'&'~· 
;\sf-.""'"S to "''e -' P•per,·.,e •rr"j •f 
\\ ,..\, tV~.,, ..:~"' l'11r.IP ol 4 "~ 



PR1>BLEt1 iJEFINITION: © 

C .. 1se ~t" d~ @ 
Opt,·." s f .... t1'. 1 le.1e.I t '""f re r 

.. i<) rto pfottss•" iitra 41 

o,.t .. -." ~ 1." t ~t. s ft~o"J 't. tJe/ t t''!re r 
l et) bA Q ;: ]j 1 • .,,f '\,,~. 

i tl) •1 I ~p.,;f ~M Oft .t V ch 11 ""~ IJ 

4) f000 O"'a"'"'' 1~ f rr•CCSSO&" (fOf',) 
6cl) .f.:ltc, o.. .lei'ec.to ... 

1) ~cs ( o>J /•~F i.t.r• s.- Pr'• s,: • ..J 
1 t .l, l> r tr k ~t· (ln~i /ocafp .. t 8.tfftr) 
~a) (O ~Ht. lt\pllt r~tt . 

t} ... ··~J·''""~ 

Poss1 SlE SOLUTION 



' Example of a DAQ for 60,000 channel Calorimeter 
with II level trigcer of 10 KHz, no zero suppression and with no dead-time 

16 ns -.L. . lOO_us ..L _ _100 
DSP ta•ks: 
- pedutal 

n'b&noUon 
- olllbr. 0011\. 

- npp...- addr.

1 

•. 
......... te .... 
lookup-table $ 

- data DDDlpl'U8 Q,) 

__ ....... --- l'D'O , ..... ..,_. 
11-

'"""" 
T-TRANSPUTIR e ~ 

..... 0 
- data ~... J..4 'ti ·a 

.... -n ... r~.& '-~: ... -~:---~-----. 
/j.11p1 
I 
I 
I 

fr11H>SP 
coatnller 0 _. 0 

- npe"'8or le - 111,0 J:l '"' b 1 ••"•' I { 
monitorlq ~ wlrell :1 ~ 1

wtree 
of tile .,.um U · s= .,. 

- , ... ante the 0 II 
DDrreat "'I• r., 
.....,.., the i:&. 

·---....... _ ....... 
·ls& 
Mrlal lblk 

1111& 

1dll 
1lfrem or opt. ftb. 

' 1 ... 
lt"Dl1 f•1 
1-
1 
I 

ws 

ws 

ws 

~~= :• Sp-1 .. 11,.. 11 oo"!:/ I'"' c:J '"'I llpeed•ll.t DI/word~=-='"" 

=~one teRll&.11 11; Bate• ;~iij.:,~;::=1 Bate• 840 il'Jte/• WS 
data ot ... I t i '° llllJte/• I I 
-t tram 1"' I I 
cUfteND& A& - • ' SP I I 

- Aa lllpa\/Chatpu\ lhltt• liiJ Of 118 DJte Mola an : JI II. _ ·- . _ . __ J 
~ tM tap1lt/e•tfu\ date to/from JDPP, - - c· - . -· - I - -

. 'l1dm al1on .......... , ..... ot date at u.. ...-vo...-i ;(\ l- - - -ff- - - __J • .... - ••• 
.__ - at elm. lllterlal 1- tlau 100 11• 60 xi FDPP 

~ 



-------- ---- ----·----- · ......... ----:...=---' - - -- --- --- -

-

.PflOB.l EH PE Fl ~ITIOl\J: 
-~-

Case st-.. d':l (Y 
0 ti,' on s f ,,. 1 le\lt-1 ft~ ff er 

1) 14 ~'-~"""'' 1, 1 pt•ce.ss.r (1 t. .... ) 

i') s..-.~11 "~•£.er r> P ptDeess •rs 

~t'•"s f.~ "IT. 1,~tf tr•'!~er 

1 -') 'bA Q : ll le~tl 1t~'~. · 

t ~) ."' ·" c"' ~""' ' ' 
4) ?.. S c"'•""'' s t. f pr•cr,s.r (r,_r) 

s) 'J•\ , s "'"'r'•' 
(, / •} _.. ~ ~) .f~ltt, h .leftef.,: r.lte :.5 QI #Mt 

'\.) ~ ~ •) r~tte, ." !I fctt•l 1r•s. t>si:: f.att.:r.

ti a,t. f ti k~te (•"~t/ ... 1, .. t L .. ff, .. J 



·-----·-·· -

"'-'-~K~·oy/ -al . i : ' so 

l< . 2. 

.. 
' 



Example of a DAQ for 60,000 channel Calorimeter 
with II level tri11er of 20 KHz, on/off zero suppression select, no dead-time 

16 ns _1_ 2 us _,_ 50 us 
ev0 , .._.., 1stw 5 

DSP tasks: 
- ftltarlna 
- p•datal 

nbtreoUon 
- oalibr. coat. 

1 I Digital_,,. ~- - I • , ......... iFDPl.,. -Ana og- - r·-·-· -·-·-· -~ I ~TL-. 
!'"~DI ---1 lzl I 

:-W....;"!::.:-a-1 =:: = l 1 ....w UDk ., 1 

l'IPO I - ~ r1il-IDSPl-llk (ldl - data oomprea~ M 
Cl) 

..+-> 
T=iTJIANSPUTIR Cl) 

- repon Of lilt. e f: 
from lff. I ., .-4 O 

- data tramter M ·a 
controller 0 .g 0 _ ... ,.m.o.. .. _ eo.oo "' 1::2 b I - , • _ 
monltorlna '° wiru ~ ~ 1

.U-
of the .,.tam t.) , ~ 'il 

- 1•nerate th• O 
COITIOt •eq. _J.o 

I 
~ 

amona th• i:r.. 
~!"D:1' :d Sptll4•ll ... I 111~:. I""' D ""'I 

=~i° a.none t. .. u.a 11 : laY.. i~ir-:~ :- := = 1 
,:i. 

: 

4-ta of ui ) i I 1&o IOl,Jt.1/• I I 

tllff•rent ACQ- '" I I ~ I 
I I o Uo. 

~ 

Event 
der 

Event 
81111der 

Event 
11111der 

Event 
BuUder 

..;_t from I '.'I I I ~~p 
- An llqnd/Chatput aur.r i of 1• DJU .-la en L I 11. _ ·- -- ·· - .J d_._.... tia. mp•tf-tput data to/tnm rDPP. --·1-~----- rLttber _J --

TllU allm ......... \ p• ...... of date at tli9 laJl'lt/Chatp11t r - - ....... H• &• 
to ..- •t u.... Intern! a- thUl 10 I'• 2000 1'1>PP · link - . 

'"""" @ 



............ -r·- -· ...... -·· ..... -.. --·--- -.... -........ -.. --·-···-- .... -.. 
ith Il level trigger of 20 KHz, on/ off zero suppreaalon select, no 

SP tasks: 
rlltmq 

1194..ial 
eu'btraotton 
iallbr. ooA. 

lata oompn•~ J-4 ; 
Q> 

+> 
TIWISPUTBR Q> 
-.ton of lilt. S 
'l'om ln. I . . • .-4 
lata traufer J-4 
IOJltroller 0 
oupenlaor le .....C 
lllonltoriq aS 
of the 1178\em t.) 
·merate tha 
•ornot •q. 
--. the 
lCQ-DSP ancl 
fS-DSP m 
1rder to 
1olleot la one 
18-DSP all 
lata of an 
•ffllt from 

16 ns 1 _2 

,. 

50 us ........ ~-
• ..... ._, 9 • , ........ ·-··-· ••• ........ ...-...... -Isl 

Hrtal 1lllk 

l:dl 

f 
~ 
,;:lo 

J 

dead-time 

Event 
leu11der 

Event 
B11llder 

Event 
Builder 

Event 
Bull4er 

Uffarent .lCQ-blP I 1 SP I ,, ..... tlo 111 

on lap1at/01atput Buffer Iii of Ill lb7le eaoh ue L J ~IL - ~-·.I 
ermdoml•ln1 the baput/output data to/from fDPP. -·-·11'(·-· r£!1ber _J ,_ -
1ala anon nbeequnt paob4 of data at the Input/Output ): .. _;: -. lllll ,_ 
';! - at Ume laternl i.. t1wa 110 I'• 2000 PDPP . -

\\ 

~~ 



D:5it.--\ f::·{te .. R\~r>r;fh.,, 

S=~ 

,,,;:~ ..... 

. '!""-·~· f x;t 



~ I 

6- Srl"'p\es 

R~.v J.i ta 
AOC "'' ~ ADC LOii) .... 

..... 
r\ 

• 
• 
• 
• 
• • 

t 
l 
4 
s 

' 1 
g 

<is 

.- 'ir - -·-
' 
• 

.. 

• - - - - - -

lo•k"'f t.~\ts 
~ ~ ~ 
e.cff:t-ttfs 

lftf · . (IL 

-

._, 

- - L~ ---j 

------ - --



fl - l -p·ret'r~s ~ to h:f·~ a pr·1· ,, ,~ 
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127 A/8/C ASTROTE~ 
lnGaAs Avalanche Photodetectors 

The 127 AIBIC AP01 ere compadble wllh lndu•try·•lancllld 
p•ckagn. 

Features 

• · High performance at both 1.3 µm and 1.5 )1111 

• Suitable for use In harsh envtronmenll 

• Higher sensitivity and longer wavelength tespoc• 
than germanium APOS 

• Permanently locked fiber alignment and hiCll' 
coupling stabilily 

• Reliable planar stRJClure wtlh lnGaAsP layer n 
guard ring lor high-speed pelformance 

• High responsivily from 1 .o µm to 1.8 pm 
• Wide banclwldlh: . 

> 1.0 GHz (127A) 
. >1.8GHz(1278) 
>2.5 GHz (127C) 

• Compati)le wllh ~-standard packaging 

• Applications lot high data rates: 
- Up to 1.5 Gllilsls (127A) or2.S Gbllsls (1278/C) 

• Low capacitance 

• Standard pigtal Is a 1T1Jlllmode fiber wtlh a blconic 
connector; other pigtails available on t9CP1st 

Applications 

• Telecorrmmicatlons 
- High-speed, long-haul eotn111Jnicallon systems 
- High-speed metropolitan area networks 
- Submarine cable COmmunlcatlon systems 
- High.frequency analog transmission 

• Military 
-Very !Ow-noise receivers 
- Satellite transmission 
- Optical radar 
- Free·space optical comm.mication systems 
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A high-perfonmttc• optical data link provides e/«trica/ isolation 
and secute transmission between DTE systems. 

Benefits 

• Data Unk Immunity to EMt/RFJ, Critl I 'Ilk. mnd 
ground loops 

• Secure data transmission without enaypllcfl 

Features 

• Data rates from 40 Mbfts/s to 220 Mbls/s (NIZ) 
at 1.3 µm wavelength 

• New transmitter design with reduced power 
dissipation 

• New receiver design with Improved receiver 
sensllMty and dynamic range 

• 100K ECL compatfble 

• Single power supply 

• Ambient temperature: o ·c to 10 ·c 
(See Thermal Characteristk:s section.) 

• Rugged, connectorized 16-pfn DIP 

• High relfabillly (MTBF > 1 x 1 a8 hours) 

Applications 

• Telecommunlcatfons 
- Networl< control and timing 
- PBX module Interface 
- Local loops 

• Data Communications 
- Local area networl<s (LANs) 
- Point-to-point communications 
- Channel extenders 

• Security communications 
- Banking 
- MBltary 
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The 246-Type La- Module la 1v1lloble wttll a 14-pln, 
hermetic, bun.rlly package. 

246-Type ASTROTE~ Digital 
Isolated DFB Laser Module 

Features 

• Isolated package providing a minimum of 30 di! 
isolation 

• SONET compatible 

. • High-performance, distributed-feedback (OF8) 
laser 

• 14-pin, butterfly package 

• 25 n, impedance-matched, RF input 

• 2.5 Gbits/s data rate (NRZ) 

• Epoxy-free, hermetic package 

• Wide operating case temperature range: 
-40 •c to +65 •c 

• Operation at 1.3 µm or 1.55 µm wavelength 

• lnGaAs, PIN, photodetedor backf- monitor 

• Low threshold current 

• High reliability 

. Applications 

• Telecommunications 
- SONET 
- Long-haul 
- lnterexchange 
- Undersea 

• MiHtary 
- Space stations 
- Phased-array radar 
- Microwave 
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