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products applicable to mlitary
| ower cost
mlitary application nust retain

robust nechani cal characteristics; however, each product may be
tailored to neet government specifications such as nean tine
lure and tenperature range. Design changes for
mlitary use have had a beneficial second effect. Mlitarized
products may be readily nmodified to neet a severe industria
envi ronnent that previously could only be acconplished

bet ween fa

commerci a

products in special enclosures. As a result

with
of the

cl ose cooperation between Digital and Raytheon, cost-effective,
ronment products can be provided to the DoD and the

severe envi
i ndustry.

| NTRODUCTI ON

In 1986, the Raytheon Conpany and Digita

entered into a licensing agreenent to equip Raytheon's

mlitarized conputer systemw th the best conmercia

t echnol ogy
had two mgj

Equi pnment Cor poration

conput er

of the tinme, Digital's VAX processor. The agreenent

or objectives. The first was to incorporate

VAX

conmput er technology into a configuration that conplied with the
s existing mlitary specifications. The second was to
make the mlitarized VAX technol ogy available as a strictly
effort. The concept was not unique. The Rolm
Corporation had mlitarized a nunber of the commercia
designed originally by Data General Corporation, and Norden

gover nment'

commerci a

Systens, Inc.

syst em and
agreenent,
by the mli

i ncorporated very large-scale integration (VLSI) device

t echnol ogy.

conmputers

had mlitarized and marketed Digital's PDP-11

earlier VAX processors. Under the Raytheon/Digita
the first conputer converted to a configuration usable

tary was the VAX 6200 system The VAX 6200



Prior to the introduction of VLSI technology, the mlitarization
of conputers was difficult but manageable. The nilitary was a
maj or custoner of sem conductor vendors, who woul d comonly

manuf acture parts to neet both commercial and nmilitary standards.
The sem conductors, resistors, capacitors, switches, and other
parts were tested and certified to be used in nilitary conputers,
and the mechani cal and electrical structure was also tested to
neet extremes of tenperature, shock, and vibration. It was, and
still is, not unusual to encounter a requirenment for conputer
operation over the tenperature range of -54 degrees Celsius to 70
degrees Celsius with a 30-nm nute period of 85 degrees Cel sius.[1]
In contrast, the comrercial units operate in a benign office

envi ronnent of O degrees Celsius to 50 degrees Cel sius.[2-4]

Wth the evolution of the proprietary VLSI conmputer in 1986, the
cost of developing a new military conputer would have strained
the governnent's ability to fund the devel opment of nodern
architectures to support the advances nmade in the field of
software. The funding of new custom VLSI devices to becone the
core of mlitary computers required that a | arge market was
available, and the nmilitary sector offered only a snall
percentage of the total market.

Mlitary specifications require the costly and time-consum ng
testing and docunentation that have been in place since Wirld War
1. Wth the end of the Cold War and the serious decline of the
Department of Defense (DoD) budget, the nmilitary began | ooking
for new ways to procure the weapons systens using VLSl conputers.
For many new procurenents, the DoD approach has been to buy
commercial conputers for applications in which the environnent is
expected to be office-like. The forward edge of the battle area
(FEBA), however, is anything but office-like and usually presents
envi ronnental challenges that are not nornmally those anticipated
by designers of commercial systens. For exanple, when one thinks
of the climte conditions encountered in the Gulf War, a vision
of blowi ng sand and dry, hot weather cones to mind. In reality,
the desert sand is a fine caustic dust, and the air over the
Persian Gulf contains significant noisture. The conbination is

I ethal to conventionally designed el ectronic equi pment, etching
away unprotected circuit board runs and contacts.

To address the conbi ned budgetary and performance dil emms,

Rayt heon devel oped t he extended environment, comrercia

of f-the-shelf (E2COTS) conputer. To provide the best

nm croprocessor performance available in 1990 and for the
forseeable future, the E2COTS conputer is powered by Digital's
comerci al Al pha AXP technology and is constructed to neet the
extended environnmental needs of defense projects. In addition
that technology is made available to the government via weapon
systemintegrators as a non-devel opnental item (NDI) and on a
strictly commercial basis. As a result, the first of the E2COTS
line, Digital's DEC 4000 AXP Model 500 workstation is already
flying as the Raytheon Mbdel 920 on the JSTARS aircraft.



Thi s paper explores sone of the changes nmade in the
mlitarization process. It describes the characteristics of the
E2 COTS conputer conbined with Al pha AXP technol ogy and the
versatile mcroprocessor (VME) 64 bus. It then discusses the
rel evance of conduction cooling for the nmilitarized nodul e and
design trade-of fs based on space and thermal differences.

CHARACTERI STI CS OF AN E?2 COTS COMPUTER

There are three nmjor characteristics of an E2COTS conputer with
Al pha AXP technol ogy:

1. It is software identical to the comrercial equivalent.
2. The basic comrercial design is nodified only to the

extent necessary to neet the extended environnental and
reliability requirenents of the systemin which it is

enpl oyed.

3. It is tested at the unit level to neet the nmilitary
operational and |ogistical specifications required of the
har dwar e

The comrerci al software (operating system high-1level |anguages,
and devel opnent environnments) executed on the comercial product
can be captured for the E2COTS counterpart. Software executed on
the comrercial conputer can be executed on the E2COTS conputer

wi t hout change at the binary level. Further, the system devel oper
can use benign environnent commercial equipnment to start

devel oping and testing the mlitary design. Finally, standardized
code for high-level |anguages such as Ada can be readily
transported to subsequent E2COTS conputers as technol ogy
advances.

VLSl computers nust be carefully designed to take into

consi deration even the |length of the interconnect etch on the
circuit board. A seemi ngly mnor change in the characteristics of
the etch may affect the signal timng, cross talk, or sinilar
paranmeters, resulting in either unreliability or total failure to
operate. Thus, any change in the conmponent |ayout to neet the

E2 COTS configuration nust be undertaken with extrene care and
then only when required to neet environnental, reliability, or
physi cal space requirenents.

Finally, the historical test nethodol ogy of design validation
tests every conponent used in the design. The conpl eted conputer
is then tested for throughput, power consunption, electromagnetic
conpatibility, and durability. For the E2COTS system this
expensive and tinme-consum ng test cycle is replaced with the
review of the comercial conponents used in the original design.
Based on this review, some conponents nmay be replaced wi th higher
quality or specially screened conponents, and environnental and



performance verification testing of the conpleted conputer
follows. It should be noted here that testing may be acconplished
at the circuit card assenbly (CCA) |evel where such CCAs nay be
separately devel oped. CCAs that are used in conjunction with a

st andar di zed backpl ane bus such as the VME bus are typically
devel oped at this |evel.

DEVELOPMENT OF AN E2 COTS SI NGLE MODULE COWMPUTER FOR THE VME BUS

The cl ose cooperation between Raytheon and Digital led to an
early identification of the DECchip 21066 and DECchip 21068
processors and VME 64 bus based on Al pha AXP technol ogy as an
excel l ent choice for translation into an E2COTS design. Table 1
conpares the technical specifications of Digital's and Raytheon's
nmodul es.[2,4,5] There are, at present, a nunber of manufacturers
of NDI single nodule conputers that build to a configuration much
like the E2COTS specifications. Mst, although not all, are based
on the Modtorola MC68000 series processors. Vendors include

Mot orol a Inc., Radstone Technol ogy, and DY-4 Corporation.

The maj or reasons for choosing Digital's AXPvne 64 system were
the performance and extensive software support desired by
enbedded processor users. Further, the conputer was being
designed for the VME 64 backpl ane bus. The VME bus has been

sel ected by nunerous military design organizations to be the
backpl ane bus of choice, providing for an open systens
architecture. In addition, the AXPvme 64 system incorporated the
peri pheral conponent interconnect (PCl) bus, thereby offering
flexibility of 1/0O design with a m ni num of conponent

over head. [ 6]

Tabl e 1 Technical Specifications Conparing the Digital Commercial and the
Rayt heon E2COTS Si ngl e Modul e Conputers

Physi ca
Characteristics Digital Commercial Modul e Rayt heon E2COTS Modul e
Si ngl e board St andard Eurocard St andard Eurocard
conput er format (6U) 233 nm X format (6U) 233 nm X
160 mm (9 inch X 160 mm (9 inch X
6.25 inch) (20.3 mm) wide 6.25 inch) (20.33 mm wi de
PCl mezzanine card 5.9 inch X 2.95 inch 2.5 inch X 5.5 inch

Sof t war e Support
Operating systens DEC OSF/ 1 AXP, VxWorks DEC OSF/ 1 AXP, VxWorks
for Al pha AXP for Al pha AXP

Compi |l ers Ada, Fortran, C/C++ Ada, Fortran, C/C++



Power Requirenents

Power supply Wth 32 MB and no PCl Wth 32 MB and no PCl
vol t age options: 7.64 anperes options: 4.6 anperes
@5 VDC and @5 VDC and
0.6 anpere @12 VDC 0.6 anpere @12 VDC

Envi ronnent a
Speci fications

Operating 0°C to +50°C with -54°C to +55°C
t enperature forced air cooling syst em anbi ent
of 200 linear feet per (70°C sidewal I)
m nute at ambi ent +85°C side rail for

30 nminutes

St or age
tenperat ure -40°C to +66°C -62°C to +95°C
Tenperature change 20°C per hour 1°C per mnute

Rel ative humidity 10% to 95% (noncondensi ng) 0% to 100% (condensi ng)

Mechani cal shock 7.5 G peak (+ -1 @ Per M L-STD-810D

hal f sine pul se of Met hod 516. 3

10 ms (+/ -3 msB)
Accel eration Not specified 9 G continuous operation
Vi bration 5-10 Hz 0.02 in Si nusoi dal 5 Gs

doubl e anplitude, 50-2, 000 Hz

10-500 Hz random 0. 10 g2/ Hz

0.1 G peak

Figure 1 shows the functional block diagramof Digital's AXPvhe
64 single nmodul e computer. In nost applications, conputers of
this class are used to handle the real-tine control of a conplex
system The conputer uses the DECchip 21068, capable of 40

SPECf p92, as the base processor. It provides standard |I/O small
conput er systens interface (SCSI-2), Ethernet, two serial ports,
and a VME 64 backpl ane bus interface as well as three
configurable timers. Further configuration of the nodul e has been
made possi bl e through provisions for two nmezzani ne nmodul es. The
first contains dynam c random access nenory (DRAM for program
and data storage. The second interfaces to the PClI bus and

provi des the user the option of adding a custominterface to the
nodul e.

Figure 1 Block Diagram of Digital's AXPvire 64 Single Board Conputer
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CONDUCTI ON COOLI NG OF THE MODULE

The design of a conmercial VME nodul e nmust be nodified to neet
the needs of the mlitary. Comrercial VME nmodul es (as shown in
Figure 2) use both the front panel and the connector edges of the
nmodul e for interconnect. Mlitary systens preclude front (top) of
nodul e i nterfacing because one or nore cables nmay be required to
be nmoved for servicing. This increases nmi ntenance time and the
ri sk of interconnect danage by battlefield personnel

[Figure 2 (Digital's AXPvne 64 Single Mdule Conmputer) is not
available in ASCI| format.]

St andard conmerci al nodul es are normally cool ed by blowi ng air
over the nodule. In a commercial installation, the air is drawn
froman air-conditioned office environent and is therefore devoid



of excess hum dity or damaging chenmicals. In the nmilitary
environnent, cooling air is expected to contain inpurities that
wi |l have an adverse effect on the long-term worl dw de
reliability of the nodule. The AXPvime 64 nodule is convection
cooled.[7] One technique used to extend the environnental range
of the E2COTS unit is conduction cooling. Conduction cooling
elimnates the need to bring air, and with it potentially
damagi ng contam nants, into the conputer enclosure. Confornal
coating, covering the board and conponents with a

noi sture-resi stant material simlar to plastic, further ensures
no contact between the circuit card assenbly and contami nants. It
al so provides protection fromcondensing hum dity. For these
reasons, the E2COTS nodul e (shown in Figure 3) is configured to
be conduction cool ed.

[Figure 3 (Raytheon Mddel 910 VME Single Mdule Conputer with
Al pha AXP M croprocessor) is not available in ASCII format.]

The deconposition of the nodul e assenbly in Figure 4 shows a
nunber of techniques used to reduce the thermal resistance

bet ween the individual conponents and the nodul e/ side rai
interface. The first is the design of the circuit card on which
all conponents are mounted. Figure 5 shows the | ayer stackup on
the circuit board. Power, both 5.0 volt (V) and 3.3 V, and the
associ ated ground pl anes provide a | owi npedance power
distribution path for the various conponents and allow the
transm ssion of heat fromthe component to the frame and
sidewal | s. Figure 6 shows the thernmal path froma typical surface
to the sidewal | / heat exchanger. The heat from the conponent is
passed into the copper power planes for transm ssion to the

si dewal | / heat exchanger. Due to the |ow thermal resistance of
copper plus the increased thickness of these planes, the thernal
resistance is significantly reduced. In addition, the comnbi ned
copper and polyimde |ayers provide a circuit board with the
necessary strength to support the conponents without an
addi ti onal backbone, although one is used for other purposes as
noted in the next paragraph

A second technique is the use of a conbination thermal and
support frame for the nmenory nodul e and PCl adapter. The use of
copper-|l oaded circuit cards extends to the PCl and nenory

nodul es. The thernal path for conponents nounted on these
nmezzani ne nodul es is fromthe conponent through the circuit board
enbedded copper to the heat frame. Fromthe heat franme, the
thermal path is directly to the sidewal |/ heat exchangers. The
nmezzani ne nodul es are designed to be screwed into the heat frane
for both mniml thermal resistance and structural support

agai nst the shock, vibration, and "g" | oading indicated in the
techni cal specifications.

[Figure 4 (Exploded View of the AXPvne 64 Single Mdul e Conputer)
is not available in ASCII format.]

[Figure 5 (Printed Circuit Board Layer Stackup) is not avail able



in ASCII format.]

Finally, the two npst active thermal radiators are the Al pha AXP
processor and the 5.0-VDC to 3.3-VDC regul ator. These conponents
have been pl aced on opposite sides of the circuit board and
directly adjacent to the wedgel ocks to achieve a mninal thernal
path. Because the DECchip 21068 processor is mounted cavity down
in the ceramic pin grid array (PGA), its primary thermal path has
been provided in the formof a cover plate.

Instead of cooling air passing over the surface of the nodul e,
the air is passed through a heat exchanger. Normally this is a
brazed sidewall that provides both the outer structural shell of
the conputer and a duct, which has enbedded heat fins for

i mproved heat transfer. Individual nmodules are structurally
connected to the sidewal |/ heat exchanger by wedgel ocks that force
a strong nechanical and a relatively low thermal interface.

[Figure 6 (Thermal Flow to the Heat Exchanger) is not avail able
in ASCII format.]

The nom nal tenperature rise in the heat exchanger for an air
transport rack (ATR) chassis and a total thermal |oad of
approximately 300 watts (W is 14 degrees Celsius.[5,8] Thus,
with a nominal inlet air tenperature of 25 degrees Cel sius, the
wedgel ock interface of an E2COTS nodule is at 39 degrees Cel sius.
For modules with total thermal dissipation of 20 to 25 W a

nom nal 7 degrees Celsius rise is anticipated between the
sidewal | and the nodule, yielding a nodule tenperature of 46
degrees Cel sius. The heavy al um num cover essentially maintains
the base nmodul e tenperature to the m croprocessor's case.
Measurenents of the DECchip 21068 processor on the conputer have
shown an average power of 5.3 W Wth a [ G eek uppercase theta,
subscript J-C of 1.1 degrees Celsius per watt, the junction
tenperature is ~52 degrees Celsius. At the normal high end of
the tenperature range, 70 degrees Celsius inlet air, the chip
tenperature will increase to 97 degrees Celsius. It should be
noted that the exanples of tenperature rise are nom nal and mnust
be conputed accurately for each nodule type, total chassis

di ssi pation, and the position of the nodule in the chassis.

As part of the thermal analysis of the design, a thermal map of

t he base nodul e was devel oped as shown in Figure 7. The figure is
an overlay of the thermal profile on the nechanical outline of
the E2COTS single nodule conmputer. Although planning for the

di ssi pation of power fromthe microprocessor and the voltage
regul at or proved successful, the conmputer-sinulated thermal plot

i ndicated a high-tenperature region at the top center of the
nodul e. This area corresponds to the location of the 256-kil obyte
(kB) cache. The junction tenperature of the cache static RAMs
(SRAMs) coul d approach 76 degrees Celsius given an inlet air
tenperature of 25 degrees Cel sius.

Al t hough it mght be anticipated that the m croprocessor woul d be



the board hot spot, the higher thernmal resistance of the printed
circuit board results in a potentially higher junction
tenperature of the |ower dissipating SRAM devi ces. Operating at
70 degrees Celsius inlet air tenperature, the resultant SRAM
junction tenperature would be 104 degrees Cel sius. Although this

hi gh junction tenperature is still acceptable, it is not
desirabl e because it decreases product reliability. Thus, an
appropriate nmodification in the thermal design will be nmade to

the circuit board stackup before release to production

DESI GN TRADE- OFFS

This section discusses design trade-offs for the single nodule
conmput er based on space and thermal differences.

Space Trade-offs

The conducti on-cool ed nodul e has significantly | ess surface area
for nmounting conponents than its convection-cool ed counterpart.
This is due to the use of a thermal franme that serves the dua
pur poses of conducting heat to the heat exchanger and
structurally supporting the nmezzani ne nodul es to neet shock and
vi bration specifications. In addition to the conponent nounting
constraints already identified, Digital's nmezzani ne nodul e

provi des approxi mately 17 square inches per side for mounting
conponent s whereas the Raytheon conduction-cool ed PCl nezzani ne
nodul e provi des approximately 13.8 square inches per side. An
additional constraint was that the nmodule |ayout, including pad
di rensi ons, had to support a range of components from comrercia
to Class B-1 conponents. As a result, it was necessary to reduce
the area required for conponents to fit on the board.

[Figure 7 (Thermal Map for the Circuit Card) is not available in
ASClI | format.]

The necessary reduction in conponent area was acconplished by the
i ncorporation of a nunber of functions into a programmble gate
array. The functions include

1. Fault logic

2. Interrupt multiplexer

3. All control/status registers (CSRs)

4. Al address decodi ng

5. Interval tinmer glue logic
A second and nore difficult selection was nodule 1/0

functionality. In Raytheon's planning stages, it was determ ned
that each single nodul e conputer needed a SCSI bus port for



interfacing with a disk. Ethernet support was inportant, but this
interface seened to be needed on every conputer nodule only in

t he devel opnent phase of a new project. Since the devel opnent of
a PCl adapter to verify the performance of the adapter interface
was an obvi ous requirenment, an adapter was devel oped for the
singl e modul e conputer that contained two interfaces: SCSI and

Et hernet. An alternate objective of this adapter devel opnment was
to test the capability of the PCl drive circuitry to support two
interfaces on a single PCl adapter. Although exhaustive signa
integrity testing has not been acconplished over the tenperature
range, the Ethernet portion of the adapter was used in initia
debug of the nodul e, including download of the system console. It
has consistently performed w thout problem

A final decision was the establishnment of package | ead geonetries
that could be supported by both commercial and nmilitary
conmponents. |In many cases, both commercial and nmilitary
conponents are available that neet the design criteria. In sone
cases, conmercial conponents are supplied from one vendor and
mlitary conponents are procured froma second vendor. Unique
cases required special solutions. The cache SRAMs are avail abl e
in comrercial-quality, J-leaded packages, but no mlitary
counterpart could be found. To resolve this problem | eadless
chip carriers were procured fromthe mlitary vendor and J-I eads
were wel ded on the basic conponents by a specialty supplier.

Thermal Trade-offs

The extremes of tenperature over which an E2COTS nodul e nust
operate require careful consideration of the effects of thernal
cycling on the conmponent solder joint with the circuit board.
Leadl ess devices such as chip carriers, capacitors, and resistors
have advantages in the manufacture of circuit boards. However,

| eadl ess devices also require special care in the process whereby
t hese conponents are attached to the circuit card to ensure high
solder joint reliability during thermal cycling. For exanple,
Figure 8 shows a crack in the solder joint of a chip capacitor

t hat had undergone thermal cycling to determ ne equi pment
lifetime under the anticipated operating environnment. Although
these failures can be elimnated by special manufacturing
processes for soldering | eadl ess conponents, the use of |eaded,
active conponents has been nmade a requirenment. This is consistent
with the use of |eadl ess SRAM with wel ded-on J-|eads described in
the previous section to help ensure reliability and | ong nodul e
life.

[Figure 8 (Failure Crack in the Solder Joint of a Chip Capacitor)
is not available in ASCII format.]

A second aspect of the thermal environment range is the use of

| arge PGA devices soldered into a circuit board of
copper-polyim de. The Al pha AXP device has a di agonal dinmension
of ~2.96 inches. The expansion of the ceram ¢ PGA between corner



pins over a tenperature range of -54 degrees Celsius to +70
degrees Cel sius was studied using polyimde boards and ceranic
PGAs fully inserted into the circuit board to the package
standoffs. The PGAs did not contain seniconductor devices for
reasons of cost.

Pin failures occurred at the corner positions of the PGA between
10 and 25 cycles. Additional tests were conducted with the PGA
inserted so that the pin tips protruded slightly bel ow the
surface of the circuit board before soldering. Thus, the PGA was
actual ly standing off the active conponent surface of the circuit
board. In this configuration, the PGA withstood repeated thernal
cycl es because the pins had an opportunity to absorb the strain
caused by the expansion m smatch. A negative elenent of this
strategy is the inability to adequately inspect for sol der

bri dgi ng, which may occur in the area under the PGA and on the
active conponent surface of the circuit board. It was concl uded
that repeated cycling of the nodul e over even a noderate part of
the tenperature range would result in the deformation and
eventual failure of the pins in the corners of the properly
nount ed PGA.

As an alternative to soldering the chip's PGA to the circuit
board, a socket conprised of individual sleeves inserted into
each hol e was used successfully. This type of socketing provides
sufficient contact flexibility to elimnate pin cracking of the
PGA, yet provides a reliable contact during shock and vibration.
Wth the use of a socket, the question of potential "walking out"
of the socket by the PGA was raised. The primary thernmal path for
the Al pha AXP processor, as shown in Figure 9, provides the
additional function of securing the device in the socket, thus
elimnating the "wal k out" problem

PCl 1/0

As previously noted, the standard PCl nezzani ne nodul e design for
the single nodul e conputer has 19 percent |ess surface area than
that of Digital's nezzanine nodule. In addition, all 1/O fromthe
PCl adapter mnust be routed through 50 pins on the P2 connector to
t he backplane to neet the criteria for the standard VME 64 bus.
Figure 9 is a conponent side nechani cal draw ng of the single
nodul e conputer.

[Figure 9 (Mechanical Drawi ng of the Top Surface of the Raytheon
Si ngl e Modul e Conputer) is not available in ASCII format.]

In many single nmodul e computer applications, the interface to
anal og, video, and fiber optics is required to control or sense
synchronous signals and status data such as tenperature and air
velocity, and to handl e video signals (RS-170, RS-343). For this
reason the PCI nezzani ne nodul e has been designed to include an
i mpedance-controlled I/O interface by way of a third connector
nount ed between P1 and P2. Such an interface was found to be



superior to routing anal og and video signals out the P2 connector
and rmade practical the inclusion of fiber-optic interfaces
directly to the PCl adapter

PARTS SELECTI ON FOR THE E2COTS COVPUTER

The characteristics of Raytheon's E2COTS conputer are detailed in
t he equi prent perfornmance specification. The nmechani cal features
that make it conpatible with mlitary shock and vibration
specifications are incorporated at the inception of the design
Once the nechani cal features have been designed into the product,
the additional cost at production is marginal. The primary factor
affecting the cost is the quality of the sem conductor devices
used for a given application. In previous DoD procurenents, al
parts were required to procure to ML-STD 883 or M L-STD 38510
the quality standards for all electronic conponents. |ncluded in
the requirenments were hernetically seal ed packages, sem conduct or
fabrication process validation, and in nany cases extensive parts
testing. Al of these factors escal ated cost substantially.

The E2COTS system allows the tenperature and reliability

requi renents of a given application to deternmne the quality of
sem conduct or conponents utilized. In fact, reliability, much
nore than tenperature range, forces the incorporation of nmilitary
speci fication Class B-1 conmponents. Clearly, there are sone
conmponent types used by the conmerci al vendors that are

i nherently not suitable for mlitary application. A prine exanple
is that of oscillators in which the frequency drift over
tenperature range in comrercial conmponents is excessive. In the

| arger view, specified reliability is the determ ning factor
because the DoD relies on M L-HDBK-217F for the cal cul ati on of
conmponent, subsystem and systemreliability. ML-STD-217F is the
har dwar e benchmar k agai nst which all designs are eval uated.[9]
Tabl e 2 conpares two part types that are typical of the single
nodul e conputer design. In both cases the reliability inprovenent
achieved in theory by using mlitary-quality parts is a factor of
five.

Table 2 A Conparison of Reliability for Conmercial-quality and
Mlitary-quality Parts

Device Type Reliability Reliability Rati o of
Cal cul ated for Cal cul ated for Cal cul at ed
Class B-1 Parts Commercial Parts Mlitary-Quality-Part
at 25°C for a at 25°C for a Failure Rate to
Transport Transport Commerci al - Qual i ty-Part
Aircraft Aircraft Failure Rate
Envi r onment Envi r onment

32K X 8 0.137 failures 0.686 failures 5. 007



SRAMs for per mllion per mllion
t he cache hour s hour s

VI C- 64 VME 0.613 failures 3.066 failures 5.001
interface per mllion per mllion
hour s hour s

Si nce many of the passive conponents (e.g., resistors and
capacitors) are normally procured to mlitary specification, the
ratio of calculated reliability for a ful
mlitary-specification-conpliant single nodule conmputer to a
commerci al single nodul e conputer is approximtely 4.99. For a
calculated increase in reliability of approximtely 5.0, however,
the full mlitary-conpliant nodul e, subsystem or system may cost
10 tinmes that of the conmercial system This is an unacceptable
cost-performance trade-off in today's defense environnent.

Usi ng an E2COTS conputer, parts selection is conducted to neet
the required nmean tine between failures (MIBFs) and tenperature
range. The "m|-spec" sem conductor parts cost is reduced to only
those parts necessary for the application. The robust structure
of the nodule is standard, thus providing protection against
shock, vibration, and accel eration.

BUI LT-1 N TEST

Digital's built-in test (BIT), boot, and consol e code are used on
an alnost "as is" basis. The diagnostics provided on previous
processors, such as Digital's VAX 6200 and VAX 6600 systens and

t he DEC 3000 Model 500 AXP workstation, have proven to be very
robust. The exception is the incorporation of a systemlevel BIT
strategy that is built upon the existing BIT design

The BIT from each system conponent nust be capabl e of being
integrated into the overall system environnent so that
system | evel test results may be easily obtained and the failed
conponent rapidly replaced. To neet this requirenment, Raytheon
has extended the access to the BIT infornmation at the system

| evel by making test results available on the VME 64 bus. This is
acconpl i shed by using the VME interprocessor conmunication

regi sters (I CRs) as mmil boxes that nmay be accessed by any bus
user. Upon initialization, the ICRs are set to zero. At the end
of the BIT, the results are witten to the ICRs. Basically, there
are three possible results available in the ICRs after BIT:

1. The ICRs contain zero, in which case the nodul e has
failed to execute the conplete BIT and is therefore
FAI LED.

2. The ICRs contain the PASSED nessage.



3. The ICRs contain the FAILED nessage and identify the
test(s) that were failed.

Supervi sory processors may poll the single nodul e conputers and
determ ne their status.

PLANNED UPGRADES TO THE MODEL 910

The first deliveries of the Raytheon Mdel 910 utilize the

66- negahertz (66- MHz) DECchip 21068 processor. Since capabilities
drive requirenments, the availability of the DECchip 21066
necessitates the addition of a 160-MHz version of the Mdel 910.
Key issues in the incorporation of the DECchip 21066 processor
into the single nodule conputer structure are the thermal

di ssipation of the design and the linted nunmber of power and
ground pins as provided under the VME bus specification

Power di ssipation of 23 Woccurs on a system powered by the
DECchi p 21068 and havi ng 32 negabytes (MB) of nenory, a SCSI bus,
and Et hernet running the DEC OSF/ 1 AXP operating system and a
graphi cs denonstrati on on an X wi ndow term nal. Wen the sane
unit was exercised with the DECchi p 21066, the power dissipation
increased to 40 W underscoring the need for nore power/ground
pins and additional thermal paths to the sidewall/heat exchanger
The nmenory capacity will also be expanded in 1994 to a maxi mum of
256 MB in increnents of 128 MB.

Conpl eti on of these design upgrades is being conducted during
1994.
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