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A SNOOP Dis,nostic Module for FASTBUS is uunder
development at SLAC, The SNOOP Modula resides on a
FASTBUS crate segment and provides disgnostic monitorfng
and testing capobility. It consists of a high-speed ECL
front-end to monitor and single~step sagment operations,
a simple master interface, snd a control processor with
two serial communicaticn prrts. Module features and
specificattons are summarized, and prototype hardware

1s shown.
1. Incroduction

Data acquisition and connol. systems based on the
proposed FASTEUS Specifications 1°2 sre designed to per-
wit aonitoring and trol for diag i¢ purpases by
—ansof.smmmdnhuhnhmom:mdddnyhs
operations. The SMOOP Module haa access to all sigrals
imolved in operationa, gince chay are bussed to all
module positions. Thua a history ¢an be kept of all
operations on a segment, no watter what the locations of
the master and slave modules may be velative te the
SKOOP Module.

The SNOOP Module can delay operatioms by asserring
the Yait signal., This inhibits tranaitions of all hand-
shake timing lines so that 21l bus signals iavolved in
the cutrent bus cycle raemaln static until Wait is re-
moved. The systen can thus be gingla-stapped by assert-
ing Wait. Sin{larly, comparidon logle in a SNOOP Module
can be used to detect a parcicular address or data
transfer, and then assert Walt to halt the segment.

The serial bus lines in each crate segment may be
used as an independent communication path between diag-
nostic :odules and system host computers, when connected
to a serial network which bypasses segment Interconnect
units.

A prototype SNOOP Module has been doveloped with
programmable Wait ganeration logic, address and date
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traps, a history silo memory and interface logic for
master and slave operations. Thesa functions are imple-
mented with high~spaéd 100 X ECL parte to optimize res-
ponse capability, OControl and suparvision of the fast
front-end section are handled by a compact micropraces-
sor section based on a powerful 16=-bit CPU (MC 68000).
The processor section includes interface portes to the
FASTBUS serial diagnostic network, and to a general-
purpose, UART-type serial commaction for » terminal
which provides floppy disk storage for diagnostic pro-
grams and data.

The Adesign for this module and -ugportlnu sof twave
have been described in pravious papers’s and are sum—
marized in Fig. 1 and Tab. i.

Table I. Features and Basic Specificaticns

© Fast fromt-end implecentad with 100 K ECL devices in
26-pin Elatpaks.

o Prograumable waic~atep logic with 3 ns veeponse time.

0 Address and address-data combination traps with & azs
response Ltime.

© Parity—error trap with 13 as cesponse tioe.

O Activity history silo with 36-bit = 256-word RAM;

100 Miz retording speed; programmable recording modes;
FB or real-time aynchronized; logic analyter mode with
internal or exteranal clock source.

O Simple master gud slave capabilities with geographical
address receqnitlon, bus arbitraclon, [0 register pro-
grammed protocol coatrel, and softwars esulacton of
CSR registers,

O MC 68000 CPU (12 MH2).

0 25 level programmabla prierity interrupt structure
(Z8530A and Z85)8A peripherals).

0 48 K-word » 'gebit memory with variabla configuration
of RAM/ROM sizes.

0 24 K-word x 16-bit maximum sise stacic RAM (lOC ns
access and ¢ycle time),
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Fig., 1. SKOOP Module Block Diagram
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32 K~word x 16~bit maximum size EPROM (250 ns).

3-chanunel counter-timar with programmable inputs and
modes (Z85364).
*Dual ch 1 serial C ication Controller

neripheral (28530A) with baud rate generators.
RS5232/422 asynchronous serial port with uselectable
baud rate (50 to 19,2 K baud),

Synchronous seriml intarface for FSDN port (300K baud),
Processor drivon front penal with status display,
manual WAIT execution switeh, Interrupt sense switch
for processor solftest, CPU reset switeh; NIM level
test outputs from wait-gtep logic, and external clock
tuput for silo momory recording.

One unit ‘vide FR module type A with 210 IC packages
on a six-, ayer PC board; estimated 83 watt power
dissipacion.

A

I1. Prototype Developzent snd Testing
_Control Prveessoy Section
A wirewrap prototype of the control protessor section

with 35 IC packages is showm In Fig. 2. The 68500 CPU is

located on the L[t side of the board.

The tenory with

6% K byres of EPFOH and 32 K bytes of xtatic RAM is seen

next to che CMVU.

f

The center part of the board contains

irmuware contrel and decoding logiv. Next, o the right

we have the cvuntes-timer-interrupt circuit, the two
serlal interface porrs, ond front panel interface hard-

waAre.
the SXOOP ECL section prototype board.

The two Flat cable canaectors provide the link to
The processor

section was implemented on a separate board in wirewrap
to allow canvenient checkout and testing indepeadent
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rom che RCL secklon,

Flg. 2. Control Proecossor Sectlon Protocype Board
ECL Scctium Prototype

A prototype printed efpcuit board of the SNOOP ECL
veeion is shown in Fig. 3, The six-layer PC board con-

alns the high-spoad emitter-coupled logle with 84 flat-

ack IC"s and ECL RAMs, 90 DIP IC packages, 100 r SIP

terminating resistor packages, and miscaellaneous discrete

d
a

date the processor gectlon ln the future.

d

power dissipation is 74 watts.

cvices, The top area of tho bonrd wlth several tempor-
ry DIF patterné and two gable connectors will accommo-
The BC board
in~nsions are 400x 366.7 muy (15.748= 14,437 1n). The

The printed ¢ircuit art-

work is based on a pancil Layout design drawm at 4zl

5

plotted to generate the phoro artwork,

cale. The pencil layout wae then digitired and l:nlnputer

The flatpack IC's

with 50 mil lead spacing use 20 mil-uide surface pads for

wounting.

This requires tracas of 10 mil width wich

10 mil clearance for routing betwasn pads. 4 scale of
4:1 is mandatory, The layout had to be processed in
several parts, The data was then merged for the final
L:1 photo plots Manval verification of checkout plots
for six layera with cach layer split 1310:5
extremely difficule and Lime consuming®, lpd‘ :huzln:;
pack IC's with surface pads for mounti aquirn_ a ‘subs
stantially different layout technique al compared to
the customary dual-inlina hardwars with feed holes for
each IC connection, if elrcuit densiby is to be main-
tained, Finally the spacisl raquirements of high-speed
ECL loglc on interconnection design and line termina-
tion had to be taken into account. The utilization of
the six metal layers of tha P? board is as follows,
starting on the component side: 1) primary signal lay-
er; 2) +5V power plane (the control piocessor area
utilizes +5V on this layer); 1) laner signal layer and
ground plage; 4) primavy ground plane; 5) -2 ¥ pouer
plane; and 6) prisary sigasl layer (solder side).

Three pyototype PC boacds wera commercially (ab—
ricated. board loading was done inhouse. Flatpack
Iead forming and cutting was done wicth a simple jig:
flatpacks werc manuslly soldeced. These loading steps
for flatpacks were found to be inadequate. A proper
lead forming and trimming tool will be raquired and
Teflpu-soldering vill have to be vaed for future board
production.

The FCL section phoxo in Fig. 3 shows the FASTHUS
incerface on the left side. This includes comparator
circuirs for agdress and data traps. Next we see the
parity checkers and the history silo memory. The block
of DIP ICs {n the center containg the address and data
tzap resiaters. The balance nf hardware represents
vait-step logie, control, decoding and processor
section interface.

Fig. 3. ECL Section Prototype Board
C. Processor aud Serial Network Tosting

Three wirgwrap prg:utypa modules of the first
SKNQOP pracessor des!gn ara ueed for eoftwarc and serl-
al network develepment" (Fig. 4). A Zenith 2B9 smart
terminal with digk drive and attached printer is con-
necced to one SNOOP proceasor module via the RS232 ter-
minal port. All three processor modulas arc linked by
the FASTBUS Serial Diagnostic Network (FSDN). The
SKOOF FORTH operating syacem has boan installed on
these 68000 processor modules. Low~speed network tests
similar to earlier oncs wlth a ZBO prototype system
have been repeated, and the system hardware appears to
be fully operational. Full-speed tagts await integra-
tion of the serisl network into tha operating system
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Processer and Serial Ketwork Development.

Fig. 4.

structure, as the truve snoced limits will be determined
by the level of Interference with other aystem functions
duriug network message andling. This incegratiom is
nearly coxpleted, and one 289 terminal has now success—
fully cantrolled soveral SNOOP Modules chcough the nec-
work connection. One of these original processor mod—
ules has also been fitted with connectors for cablec to
the SNOOP ECL weclion pretutype and to the 51AC EDRFI
FASTBUS interface module.® This allows one CPU to gen-
erate signals on tha FASTBUS sugment aud also to pbserve
their effects {n the SNQOP front ond, and vice versa.
which simplifies the ECL hardware checkout and testing.
The entire TORFI Support Software,” which was written in
FORTH for an L51«)1 system, vas casily moved to the
63000 FORTH system, and has been used extensively (or
the SXOOP ECL ¢occion testing. Once the checkout of the
new control praocesgor scction (Sect. AL, above) has been
cuzpleced, the operaclng system will be maved to this
peacessor with necessacy changes bto accwmmodate the new
Zilug SCC and CIO peripherai chips, and te take (ull
advantge of the lirger and faster memory and faster
68000 CPY (12 MHZ),

D.  ECL Sevilun Frwtutype Testing

Cieckout ond testing of the ECL section board is
being pursued at three Jevels:

Q o basic sLatie bunch checkour ak the level of indlivi-
Wual ICs;

O sLitic subsystem testlng with sirulater boxesy

3 dynamfe couputer testing In a FASTAUS crate.

Ouc ta the high-speed ECL logic tlw first prototype im—

plementacion of the SNOOP design had ce be o PC board.

It was decided to lpad and bench echeck the board one IC

pactape at a time. This procedure helped Lo pinpoint PC

bourd luterconnect faults and shorts, defactive integra-

ted clireuies, and logic design problema, Inner layer

farlts were succewsfully repaired by means of high eur—

ront pulse discharges or precise drilling,

The nexc level of checkout utillzes a FASTBUS manu-
al tortbox? to slmulate a segnent and master and slave
responses,  Also a simple simulator box replacue the
SNUOP processor and provides eontrol and display of the
proccasar data, addcess, and concrol lines {rom and to
the ECL scetion. ‘These tests perform a slow, manual
cheekout of complete subsystoems such as the addross trap,
by swang of a lipited sample of test condltions,

-3~

finally, computer tests are being used for dynamic
and exhaustive checkout. A SNOOP processor module
linked to an JORFI interface modvle and the ECL section
board by special cables resides in a FASTBUS crare (see
Fig. & and Sect. G, above). Program loading and con-
trol is dene from the ZBY terminal. A memory module®
is also used as & slave in rhe crate.

The ECL scctien PC board lhias been fully loaded and
tench checked. He have also successfully complered
simulator box and computer restg of the processor Inter-
face and decoding hardware, the programmable wait-step
logle, and the address and data craps. Checkout and
testing of the history silo memory is in progress at
prerent.

11I. Conclusion

Testing of the SLAC FASTBUS SKOOP prototype system
is expected to continue for the next several menths.
Based on tho experlence and results gained from this
development progtam, it ts planned to produce an up-
dated PC board layout including che 66000 processer
section.
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