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SUPERCONDUCTING SUPER COLLIDER DATA COMPRESSION AND
DRTIVER/MODULATOR ARCHITECTURE

by
B. J. Cooke, X, S, Lackner, D. H. Sharp, C. L. Winter, and H. 2iock

Los Alamos National Lab
Ms-J580
P.0. Box 1643
Los Alamos, N.M. 87545
LA-UR-91-3451

aAhstract

We present a prototype architecture that provides chip-
{evel data compression and high-speed optical drive
capabilities for rad-hard Superconducting Super Collider
data acquisition applications. The data compression is
accompl ished through a pipelined edge-detection and
clustering algorithm, while the driver/modulator uses high-
throughput data-management technigues, including variable
register lengths, bus queuing, and time-division-
multiplexing for fast optical-dasta transmission. An
architecture of this sort can provide efficient transmission
of & very large numbers of events,

I. INTRODUCTION

The generic architecture of an inner-detector system is
shown in Figure 1. The basic detector unit considered here
is a gilicon PIN-diode strip detector consisting of 500 to
1000 strips. A particle traversing a wafer will activate a
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Figure 1. S$C Inner-Detector Architecture.

cluster of strips. The amplified strip signals provide the
information on the position of a particle(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 compression and
the driver/modulator architecture of the inner-detector
system. Detailed information concerning the application of
the data compression and driver/modulator in our
prompt/detayed-channel pipelined encoder architecture can be
found in (1].

II. DATA COMPRESSION AIGORITHM

The dats compression is accomplished by transmitting
cluster information instead of information about individuati
strips. The algorithm proceeds as follows: The raw data are
first edge-detected, reducing the clusters to g series of
edges. Then, using a pipelined architecture, the relative
offsets of the adge boundsries are found. The resulting
compressed data vector is then composed of the number of
edges, the offsets of each edge from the previous edge, and,
if desired, the total number of hits.

An fllustration of the algorithm follows. Figure 2 shows
8 14 bit (strip) detector with three "clusters” and 3 binary

A CLUSTERS

pd

o

I i A i L 1 I T 1 I L L !

0 2 4 8 8 10 12 14

_—

0010010010000 1 120
Figure 2, 16-Bit Detector With Three Clusters.

data vector representing the cluster edges. As the data
vector is “pasged through® the pipelined encoding algorithm,
the edges are detected and the edge offsets counted. The
decimal encoding of the three clusters in terms of pipetline

stage, edge count, snd accumuiated offset reduce to the
following:

Stage # Edqes Offget

0 Q [1]

1 0 1

2 1 2/0

3 1 21

4 1 272

5 2 2/3/0

6 2 321

7 2 27372

8 3 2/3/3/0

¢ 3 2/3/3/1

10 3 2/3/3/2

11 3 2/3/3/3

12 3 2/373/4

13 4 273137570
14 5 2/373/5/1/0
15 5 2/3/3/5/1/1.



Note that the "/" denotes an edge boundary and that it also
needs to be encoded. The equivalent binary representation of
the data vector in Figure 2 is

Stage Accumilator # Edges Data Vector
¢ [(Offset] O 0 0010010010000110
(Edge] 0

1 1 0 010010010000110
0

2 10 1 10010010000110
o0

3 1m 1 0010010000110
010

4 1010 1 010010000110
0100

5 101 10 10010000110
o101

[ 10111 10 0010000110
01010

7 101110 10 010000110
810100

8 101111 11 10000110
010101

9 1011111 11 6000110
0101010

10 10111110 11 000110
01010100

11 10111111 11 00110
61010100

12 101111100 1 0110
210101000

13 1071111101 100 110
010101001

14 1011111011 0 10
0101010011

15 111110111 10 ]
01010100110,

where the imput dats vector is in the right hand cotumn and
the accumulated edge boundary and offset are on the left.
The edge location and offset are now represented by two
separate binary vectors. Note that a single vector element
can be processed per pipeline stage allowing the algorithm
to be implemented with a 60-MHz system clock (we are hard-
pressed, as it is, to find a low-power, rad-hard CWOS
process capable of S0-MMz operation, let alome a higher
clock rate). Also, note that the compressed data is right
(or left) justified.
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Figure 3. Compressor Architecture,

III. COMPRESSOR AND DRIVER/
MODULATOR ARCHITECTURE

A prototype compressor architecture is shown in Figure 3,
The compressor would accept an N-bit data vector, edge
detect, and it compresses the edge data utilizing the
previously described compressfon algorithm, The edge
detector and compresser can be implemented with relatively
straight-forward digital logic and shift registers for the
required pipelined architecture. The resuiting two output
vectors would then be compesed of the number of edges + edge
boundaries and the rumber of hits + edge offsets.

Typically, since ¥ is on the order of 500-1000 bits and
realistic chip Input/Outputs (1/0) are on the order of 100-
200, input vector segmenting is required. A practical
realization of a four-segment 4x128 (512-bit) compressor and
driver/modulator architecture is shown in Figure 4, The chip

N\ 812-BIT DATA VECTOR /

l_ 7+128-BIT BUS j

\CWE, TRG w, o, 0y 8,/ il GPTICAL CLOCK IN {CLK}
OPTICAL TRIGGER IN (TRG)

OPTICAL DN OPTICAL OUT

Figure &. 4x128-8it Compressor and Driver/Modulator.

set is composed of four 128-bit compressors. On arrival of
the external trigger, the compressed data s muttiplexed
over a 7+128-bit data bus to the driver/modulator chip for
optical transmission. While o segmented architecture allows
the implementation of chips with reasonable 1/0 pin counts,
data compression is degraded as will be discussed in Section
IV. Figure 5 shows the corresponding driver/modulatar
architecture for the 4x128 compressor. The 4x{7+128)-bit
vector segments are sequentially read and stored in the bus
buffer registers. After the bus buffer scquires all four
data segments, a fast block trangfer of the segments is made
to the time-division-multiplexing (TDM) buffer where each
segment is then sequentiaily shifted into the TDM variable
length drive register for optical transmission. The TDM
variable tength drive register provides s mesns of sending
only non-zero compressed information (determined by the
edge-count vector), preventing the transmission of redundant
information. The 2:1 TDM modulator takes advantage of the
equal lengths of edge houndary and offset vectors, Note that
lfi'l optical clock and trigger are used to minimize time
jitter,

IV. MONTE CARLO SIMULATION

The compression efficiency of the algorithm for single
and multiple segmented compressors was evaluated with a

simple a Monte Carlo simulation. The simulation cbserved the
fol lowing ateps:

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

(ii) Random selection of the width of each cluster.
(iii) Calculate the encoded binary representation.
the

(iv) Repeat i-iii to determine

compression ratio.

average



Figure 5. 128-Bit Oriver/Modulator Architecture.

A uniform distribution is sssumed for (i) and (if). In
addition, the clusters are composed of 1 to 7 hit strips and
are allowed to overlap. The average compresaion ratio was
-defined as

Total Number of Strips

<0ffset Vector + Boundary Vector>,

where <> indicetes averaging over 25 samples. Figures & and
7 show the compression ratios for a single-segment and a 4-
segment 512-bit compressor. The single-segment compressor
yields a 15:1 compression for a single cluster and 6:1 for
five clusters, while the 4-segment provides s 7.5:1 and
4.5:1 compression ratio for one and five clusters,
respectively. The degraded efficiency is caused by the
reduction in binary encoding efficiency with decreasing
vector size and encoding clusters which overlap segment
boundaries (such clusters require two or more binary numbers
to encode). Hence, compression efficiency is penalized as
the number of segments are increased and data vector lengths
are reduced. Technigues to improve segmented compression by
combining segments before transmission are under
investigation. Note that the sum of the offsets in a segment
will always add up to the segment size, thus providing an
end-of-transmission sum-check.

V. CIRCUIT DESIGN CRITERIA

This section considers various design criteria associated
with the practical implementation of the compressor and
driver/modulator architecture.

COMPRESSIM RAID
g 8

i _I’_’__,__w

Figure 6. Compression Ratio for a Single-Segment, 512-8it
Vector,

A. Compressor Register Requirements

The minimm rumber of registers required to iuplmn!: a
512-bit compressor architecture for 1 to 8 segments assuning
a 80 MMz clock rate, 1-shift/cycle, and 1-add/eycle is as
follows:

Segment Size # Registers Lompression
512 393K 15:1
256 196K 10.5:1
128 98K 7.5:1
&4 49K S:1.

Note that the pipeline delay, compression efficiency,
bancwidth (the product of segment size times &40-MHZ clock
rate), and rumber of registers (i.e. circuit density and
power dissipation) can be traded off. Again, emphasis should
be placed on the fact that segment size will be limited, by
practical engineering considerations, to 1/0 pins counts of
100-200,

An estimate of the approximate power dissipation per
register can now be obtained. Using the 4x128 compressor
chip discussed in section [I1I, there are 25K registers
required per chip. If a total of 250 m of power fis
allocated for the data compression of 512 bits, then each
chip is limited to approximately 63 nW, or leaving less than
2.5p¥ per register not including overhead chip circuitry.
Note that the compressor architecture requires 50X more
registers than does a simple delay Line architecture.

B. Driver and Optical Modulator

The driver/modulator chip can be implemented with various
technologies depending on cost, speed, power dissipation,
and. complexity. For our SSC applications, we are considering
three combinations of driver-modulator topologies: Si{icon-
LiNbOs, GaAs-LiNbO;, and GmAs-GaAs. The silicon and GaAs
drivers devices would be bipolar and MESFET respectively
while the LiN and GaAs modulators are both electrooptic
waveguide devicés [2].

A summary of the three driver/modulator technologies
under consideration is as follows:
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Figure 7. Compression Ratio for a Four-Segment, 512-Bit
Vector.

Driver-Modulator Speed Technology
Silicon-LiN Moderate Mature
GaAs-LiN Moderate+ New
GaAs-GaAs Fast

Under Development.

The first two technologies are hybrid devices where the
LiN modulator is wire bonded to the ailicon or GaAs
substFate while the third integrates the driver and
modulator on the same substrate, reducing parasitic losses
and potentially reducing production costs. The best power-
speed figure is realized with GaAs High-Electron-Mobility-
Transistors (HEMT) (3]. However, it should be noted that
HEMT processes are still primarily confined to Laboratories
and not readily commercially available. In addition, GaAs
chips in general exhibit a lower thermal conductivity then
its silicon counterpart.

Our preliminary design goal is the development of a
gilicon-LiN driver/modulator operating at 1-5 GHz with a
power dissipation of 250-500aW (if this goal is unattainable
we Will then focus on an HEMT driver). The optical modulator
prototype is a Mach-Zehnder interferometer (2] adapted for
a low drive digital voltage {4]. A LANL radiation exposure
teﬁ of the LiN uach-zahnder interferometer (total dose
107" 647 MeV protons/cam®™) (5] slong with the appropriate
selection of optical fibers [6] indicate that good
resistance to SSC level radiation exposure can be expected.

VI. CONCLUSION

We have presented a prototype architecture that provides
chip-level dats compression and high-speed optical drive
capabilities for rad-hard Superconducting Super Collider
data acquisition applications. We have discussed how data
compression is accomptished through clustering and
introduced a flexible high-speed driver/modulatar for fast
optical-data transmission. A practical 4x128 compressor
architecture was introduced to i{lustrate the algorithm. We
believe an architecture of this sort can provide efficient
transmission of very large numbers of events.

M
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[41
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SILICON TRACKING SYSTEM WAFER SHELL
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MEE-12/WM-512a

DOUBLE SIDED SILICON STRIP DETECTOR
WITH ELECTRONIC ASSEMBLY
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MEE-12/WM-513
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TECHNOLOGICAL ADVANTAGES OF HEMTs COMPARED WITH VARIOUS
COMPETING HIGH-SPEED DEVICE APPROACHES

Uniformity
and
Performance Controllability
Device {cV¢/swing Material Total
Approach Speed Power ratio) Fabricabiity Problems Advantages
HEMT Excellent Very Good Excellent Excellent Good Excellent
Lg=05-1pm  10ps 0.1 mwW 10-20 mV Simple Defect and
Highly Geometry Contollable (2%) MBE and Trap-Free epi
Dry Etching  High Throughput
GaAs MESFET  Good Good Good Excellent Good Good
Lg=05-1pm  20-30ps 1mW 60 mv Simple Defect-Free Ingot
Poor Geometry Controllable (10%)
GaAs/AlGaAs Excellent Good Excelient Complex Good Unknown
HBT 10-30 ps 1tmW (<1%) New Process  Defectand
Required Trap-Free epl
High Throughput "
Si MOSFET Very Poor Very Good Excellent Complex Excellent Difficult
80 ps 0.1 mW (1%) To High
Speeds
Sl Bipolar Good Poor Excelient Complex Excellent Difficult
30-60 ps 1-10mW {<1%) To Large
Scale

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



SILICON TRACKING SYSTEM
2-LAYER HYBRID

!nsulator—""::':'y 7
Ground Plane . It = 25
Strip Line—®» [~~~ ———————————— SPhe — woaHe— 3 — Mt=75 ﬁ
Ground Plane — /s
StripLine——l e e e - ¥ = b=55um
Ny 7/ 7 Nl
p=50um
Material Z9  Attenuation Thermal Resistance Radiation length
(ohm)  (dB/cm)@momw  (C/W/cm?) (%)

Kapton 47 3.4 : 1.03 0.31

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 11.7 0.017 0.44
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Muon Trigger Comparison

. Pipelined Muon Logic
e Advantages

— Conceptually Simple
— Robust: Immune to extra hits

— ~ Zero deadtime

e 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
e 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?



Content Addressable Memory

Logic for Muon Trigger

123 056 123 256 123 256 Priority endcoders find hits in
f .
“1 oo.l Hl ...l “l ...l o or each layer in sequence.
Priority Enc. Priority Enc. Priority Enc. _
Priority
8-bit hit _1- - Layer 1 8-bit hiL - 8-bit hlt___ e Encoder
address ! address Layer 2 address Lf':tyer 2
3t Strip Addr. >E Strip Addr. e Strip Addr. Match
Match Match = = D_ Match
St Strip Addr. 3L Strip Addr. Strip Addr. ] Address
Match [__Match ateh } —
et Strip Addr. - Strip Addr. et Strip Addr. I
Match [ Match atch 3_
® ° °
® ¢ ®
@ ® ' ®
Strip Addr. Strip Addr. L[ Strip Addr. | |
Match Match atch D_
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Outline for LLNL E/O update @

 Our latest direct charge-readout data link results using the MIT drift tube
(now better fidelity than the conventional)
- link output scope data
-s/n, voltage and charge sensitivity
- system bandwidth and signal risetime
- implications for muon chamber timing data, from drift tube data

- Pulse-height spectrum from Fe>>

« Update on IOCC's flip-chip multi-channel modulator packaging 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 nm)



RF Signal

 DC Bias

DiOde-pumped ........
Nd:YAG@1320
PRSM SM
Fiber Fiber
( ) ‘_L amn ™
Laser Source Receiyer
—*Modulator — -
\ y L , \— Y
/
LLNL fabricated PIN Diode Highpass
Mach Zehnder & Preamp Filter

E/O modulator
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Volts (out of optical reciever)

MIT drift tube signal through LLNL modulator
bias voltage 1790 V,
modulator termination 400 Ohms
5 mW of optical power

0.04 ———— T —~ —
!
0.03 - =
Note: direct| charge readout, ;
no preamp \!! .
0.02 1 e
— i
T 10-90 risetimei~ 12 ns 4
0.01 Lithited-by-deifit-tube
'} data link bandwidi is 100 MHz T
I A A a2 e R § _J
| |
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A Proposal for Optical Power Distribution for E/O Modulators, extrapolating
from the ideas of M. Seman, Columbia @

see proceedings of OFC '92,

Already done by Burns et. al NRL San Jose

and
Marshall, et.al. EGG/Santa Barbara

YAG Laser — circularly "
at f polarized ] )
light 1 Multi-fiber
— Pr or Nd doped
— ﬁ:er amplifier
. Laser diode
A
1 pumped
YAG Laser —
aif I
- ]
polarizing ]
combiner

fiber splitter
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GEM Calorimeter Electronics Meeting at BNL, Feb. 13/1992
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10:05
Introduction
11:20

LAr "Front End"
Remote pre-amp option
Cold pre~amp radiation
Pulse shaping studies
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_______ /

12:15 1:30 - LUNCH
1:30 - 1:45
CAL Readout Ideas from L*
1:45 - 2:45
CAL Trxgger
(207) Reconstruction of jet energy
(207) CAL Trigger Schemes
{20") Status of CAL FLT work
2:45 - 4:00
Testbeam Electronics
(20”) BNL Electronics for LAr teats ‘
{20) Sampling electronics for LAr tests
(207) BaF2 testbeam plan and electronics
15;) SciFi testheam plans L
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Fig. 1

1/0 from FDPP

Fast cluster finding system block diagram. Proceeding from bottom to top, one sees the
mapping of calorimeter channels to DataWave 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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DAVIS Cell Architecture
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Architecture bre b
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. 72 _ AT Program store ]
~ 3 kbits program store (static RAM) o T ‘64 K 48 bits F
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Intercell Communication ] b i2
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Tygical problems of

Digital triggers & Data acqunsntlon/compactlon

in Calorimetry of ngh Energy Physics. |

For any number of channels:

1.

Calculate the total energy and
the transverse energy

Calculate the geographical address
of clusters (local maxima).

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

Isolate from the empty calorimeter
channels:

- the clusters found along with thelr regions
of interest and

- calculate their cluster shape-factors

(e.g. to separate pions/electrons).
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POSSIBLE SOLULUTION:
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226 x FDPP modules
for HEP real time algorithms

2.9. Calo rometer {01000 Channels
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<’each FDPP scans

44 100 channels and

°Y find clusters

l«<in 42-48 usec
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©
Algorithm 3

each FDPP

— scans 100 channels
— finds type of hit -

— finds local maximum
— calculate E, I/C, 0/C for
different type of hit

In 62 usec

(electron events)




s 1 C=CtCrC .,
E=C+ 2, 1+2,0 BCCCH 1 1+3 0

f/gassgnse  (vdasogne
(0/%(1/1220)/0 (0/02:(1/15205/0

The same event”N.Bj from RUN 2531 on SPACAE (19909
E,= 27.25 Gev E,= 28.25 Gev

(I/C)f 0.1667  (1/¢,= 0.2874
o/q = 0.1544 (0/9, = 0.0977
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- 1. MIMD PARALLEL HYBRID SYSTEM

used for:
- disﬁibliﬁng processes over several prowésors

- concentrating the processing power in the region
of the detector where there are some interesting
data.

2. DATA FLOW BASED |
used in:

) (@) CALORIMETER
, b - fast data correlation

(b) TRACKING DETECTORS
- should be possible to reconstruct tracks usmg
the data flow principle: |
Processing Elemnents execute programs
when the mput data is available.




FDPP + DATAWAVE system

gives the possibility to realize a

° 1. MIMD PARALLEL HYBRID SYSTEM
(loosely coupled but with both serial and parallel exchange)

on the higher level array processor :
- (DSP + 'D'am;putets) __

- with the possibility to change dynamically the topology
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 (DataWave)

- with 750 Mbyte/s maximum transfer rate between
. chips.
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DataWave chips

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

- 16 identical PE«(in 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
eighbors via asynchroaous parallel buses

ach PE can have a maximum program
gth of 64 words of 48-bitseach.




A "local maximum  is a channel Value-
greater than or equal to its neighbors

[TI1 8
rcy] E =) 1+ C
I i=1 -

INI|1




Each DataWave receives DATA from:
— the Calorimeter (A/D converters)

— and from neighboring DataWave chips
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Each DataWave sends DATA to:

— neighboring DataWave processors
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Ef“.: g3 € ﬁ:

DataWave program to tr
input data inty PE

/* START LOADING FROM\ REMJOUT ELECTRONIC */

t0
t1
td
t3

alu=alu+n®*rll,
alu=alu+n*r12,
alu=alu+n*ris,
alu=alu+n*r 14,

e=s=r9=n
e=s=r8=n
e=s=rd=n
e=s=r6=n

/* END LOADING FROM READOUT ELECTRONIC */

DataWave program to exchange
data with neighboring PE

/ * START TO EXCHANGE DATA WITH NEIGHBORING PE

t4
tS
t6
t7
t8
t9

t10

t11

t12|.

/* END OF DATA EXCHANGE

r2=n,
ace=r8+r9
r3=e,
s=r4=w,
acc=acc+r3
w=r9,

=w,
ri=n,
acc=acc+r4,

w=rd

acc=acc+rd
n=rd

acc=acc+r6
r7=s

acc=acc+r2

s=alu

WITH NEIGHBORING PE *



Algorithm 1
eaCh FDPP "Par “\e ‘_E lt\/el fr\‘g‘u
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Algorithm

each FDPP for fke'}ilew”r\uw
— calculates Rp (i floating point)
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DSP tasks:
~ pedestal

— oalibr. oost.
— suppress addr.

= data compress,

Example of a DAQ for 60,000 channel Calorimeter
with II level trigger of 10 KHz, no zero suppression and with no dead-time
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Example of a DAQ for 60,000 channel Calorimeter
with II level trigger of 20 KHz, on/off zero suppression select, no dead—time
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127A/B/C ASTROTEC*®
InGaAs Avalanche Photodetectors

Féatu res

» High performance at both 1.3 jum and 1.5 um
a Suitable for use in harsh environments

s Higher sensitivity and longer wavelength response
than germanium APDs

. Permanently locked fiber aflignment and high
coupling stability

» Reiliable planar structure with InGaAsP layer and
guard ring for high-speed performance
®» High responsivity from 1.0 umto 1.6 um

= Wide bandwidth: -
»1.0 GHz (127A)
- >1.8 GHz (1278)
»2.5 GHz (127C)

» Compatible with industry-standard packaging

s Appiications for high data rates:
— Up 1o 1.5 Gbits/s (127A) or 2.5 Gbits/s (1278/C)

u Low capacitance

» Standard pigtail is a multimode fiber with a biconic
“connectar; other pigtails available on request

The 127 A/B/C APDs are compatibie with Industry-siandsrd
packages.

Applications

" Telecommunicaticns
- High-speed, long-haul communication systems
— High-speed metropolitan area networks
— Submarine cablé communication systems
— High-frequency analog transmission

o Military

- Very low-noise receivers

— Sateliite ransmission

~- Optical radar ’

— Free-space oplical communication systems
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ODL*® 200 Lightwave Data Link

Data Sheet K+ $ é 20

Benefits
* @ Data link immunity to EMI/RFY; crosstalk, and
ground loops
® Secure data transmission without encryption

Features
® Data rates from 40 Mbits/s to 220 Mbits/s (NRZ)
at 1.3 um wavelength :

® New transmitter design with reduced power
dissipation

® New receiver design with improved receiver
sensitivity and dynamic range

& 100K ECL compatible
a Single power supply

# Ambient temperature: 0 °C to 70 °C
~ (See Thermal Characteristics section.)

= Rugged, connectorized 16-pin DIP
® High reliability (MTBF > 1 x 10% hours)

| Applications

B Telecommunications

A high-performance optical data link provides electrical isolation
and secure transmission between DTE systems. — Network control and timing
— PBX module interface

— Local loops

® Data Communications
— Local area networks (LANs)
— Point-to-point communications
-~ Channel extenders

8 Security communications
— Banking
— Miitary
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f’ 63oe 246-Type ASTROTEC® Dightal
Isolated DFB Laser Module

Features
) ® [solated package providing a minimum of 30 dB
isolation
s SONET compatible

a High-performance, distributed-feedback (DFB)
laser ‘

14-pin, butterfly package

25 Q, impedance-malched, RF input
2.5 Gbits/s data rate (NRZ)
Epoxy-free, hermetic package

Wide operating case temperature range:
—-40°Cto +65°C :

Operation at 1.3 um or 1.55 um wavelength
InGaAs, PIN, phatodetector backface monitor
Low threshoid current

High reliability

.Applications

8 Telecommunications
— SONET

— Long-haul

The 246-Type Laser Module I avallable with g 1 y :

hermelic, buttertty package. 8 1-pin — Interexchange
— Undersea

u Military
— Space stations
— Phased-array radar
— Microwave




