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INTRCDUCT ION

This final report summarizes the accemp!ishments of t+he NASA/JSC MDM
Flexibility Enhancement Program, Contract NAS9-15359 as carried out by
Sperry Flight Systems from April through December 1977. It includes
discussion of major Statement of Work tasks and the results, conclusions
and recommended actions.

All tasks called out in the amended SOW were carried out. Significant

development tasks which were completed included the following:

Development, breadboard and test of a Pulse Qutput 28-Volt (P028) Module.

Development and test of a 32-channel DC Analog Input (DCIN)

Differential Module.

Development and test of a sequence memory module using an M2708

EPROM which can be programmed in the unit.

Development and test of a radiator top cover for a radiation-cooled
Flexible MDM,

The configuration control and field test support study tasks were eliminated
early in the program and are not addressed.

All elements of the "Report, Engineering and Technical Data, Pulse
Qutput Hybrid Design Definition" are also contained herein. The hybrid
design analysis for D028 CONTROL 3A is in Appendix |, while DO28 DRIVER 2
is in Appendix |l. Hybrid substrate, schematic and hybrid assembly drawings
for the D028 CONTROL 3A hybrid are in Appendix |I| while those for the D028
DRIVER 2 hybrid are in Appendix IV.

l. Design

A. Chassis Design
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The Flexible MDM design is based on concepts, materials and processes
currently in use in avionics products of Sperry Flight Systems. In particular,
technology from the Space Shuttle Orbiter MDM and the Solid Rocket Booster
MDM is used directly.

All materials and processes selected meet the requirements of MIL-E-5400
and have been previcusly approved on similar avionic equipment. Workmanship
criteria are based on the requirements of M|L-STD-454,

The design concept is the result of an integrated design approach
extending from the detail electronic components through the chassis.

This approach results in controlled thermal management paths within the
unit structure while weight is minimized, and at the same time reliability
and maintainability features are optimized.

The Flexible MDM, shown in Figure |, contains |3 shop replaceable
assemblies: 12 plug=in modules which form easily removable assemblies by
virtue of captive fasteners; one power supply module; and one wire=wrap
motherboard assembly. The module plugs directly into the motherboard which
is mounted horizontally along the bottom of the chassis. The power supply
module is mechanically secured to the chassis to provide structural support
and a direct thermal conduction path.

The top and bottom covers employ captive fasteners. The external
connector arrangement on the front of the unit is optimized for easy hook=up
and removal. The identification plate is mounted on the side of the front
panel .

Careful attention has been given to design flexibility and equipment

growth features. In the electronic module design, physical construction,

component partitioning and card sizing make the module readily adaptable ¢
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electrical design modifications. Maximum design flexibilifTy is provided
in The interconnecticn between modules in the chassis through the
utilization of wire=wrap techniques.

The internal design features of the Flexible MDM chassis, shown in
Figure 2, have been optimized from the standpoints of weight, volume,
structural rigidity, thermal management and human factors. On the frent
surface of the unit, connectors, pressure relief valve and nomenclature
have been sized and located to provide the maximum maintainability without
a sacrifice in equipment weight or volume. The single bay contains the
required number of plug=-in modules and an enclosed power supply mounted at
the rear of the chassis. Captive fasteners secure each module, providing
structural rigidity and optimum thermal management contact coefficients.

A separate motherboard in the bay provides a highly flexible means of
interconnection.

Provisions for equipment growth include space for additional components
on the module boards, spare connector pins and additional space in the harness
wiring. |In addition, the chassis structure is adequately sized to accommodate
additional loads, and thermal| management paths are sufficient to properly
cool the equipment at the maximum operating condition.

High-density equipment such as the Flexibie MDM requires a large
number of input/output and module-to-module signal interconnections. Wire-
wrap has been selected as a flexible means of providing these interconnections.
Developed shortly after the end of World War ||, wire-wrap has advanced to
become the most reliable termination available today. In addition, wire=

wrap offers excellent flexibility for design modifications, improved field

maintenance, low weight, and high packaging density. The contacts of the
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Figure 2

FMDM Internal Packaging Features (Chassis Assembly)
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wraplate will accommodate up to two wire terminations. All wire-wrap
terminations conform to MII-STD-1130 and NAS 2695.

A multilayer printed wiring motherboard is utilized to provide
additional interconnection between modules.

The harness is bundled, tied and supported by several sfrategically
located clamps on the motherboard. By utilizing the proper fixtures, the
harness is formed in the same configuration as used in the equipment,
thereby e!iminating any potential for tight wires and assembly handling
problems. When installed in the equipment, changes to the harness can easily
be accomplished without removal. Therefore, removal and handling of the
motherboard, harness and unit connectors will be minimal.

Because of its excellent Thermal characteristics and cut-through
resistance, polyimide-insulated wire conforming to MIL-W-81381 is used
throughout the equipment.

Two covers complete the chassis enclosure. Both feature an environmental
gasket, retained hardware, and are ribbed to provide high strength with
minimum weight.

In summary; the design features of the chassis include:

Rugged Construction = Structural parts are machined from wrought

aluminum plates. Special attention has been paid to joint designs and
fastener selection to assure strong, RFI=-tight joints with outstanding
durability.

Low Weight = The unit weight is minimized consistent with environmental
requirements. The design has been careful |y assessed to eliminate unnecessary

material and is based on extensive tests of the Orbiter MOM and SR8 MDM.




Efficient Cooling - Conduction heat transfer paths are designed into

the modules and chassis structure to ftransfer heat energy from the components
to the ambient or mounting surface.

Easy Maintenance - Access fo the electronic subassembiles or chassis

wiring is by removal of the appropriate top or bottom cover. Each cover is
fitted with captive fasteners. |In addition, each module is keyed to prevent
improper insertion.

Environmental Protection = In order to survive the environments

specified for transportation, ground handling, and storage, the Flexible

MOM will be an environmentally sealed unit. This will include the use of

cover gaskets, connector gaskets, connector caps, and a pressure relief valve.
B. Module Design

Pulse Output 28-Volt (P0O28) - The P028 design provides +28 volt DC

pulsed signals to the Space Shuttle payload. Pulse width is from 20 to
35 msec. This module provides 48 pulsed outputs selected by the SCU and
organized as three |6 bit channels. All outputs are in the reset mode
when not being commanded by the SCU. Each channel has an independent reset
insuring independent operation of each channel. Upon command from the SCU
the reset of the selected channel is released and the commanded outputs are
set. Within 20 to 35 ms after the commanded outputs are set the reset will
be reapplied automatically, turning the outputs off and supplying fthe correct
width output pulse.

The outputs are non-retriggerable and pulse width will not exceed 35 ms.
The drivers are capable of supplying 50 ma at 2 minimum of 18 volts dc. The
drivers, because of additional current capability, have no short circuit
protection. |t should also be noted that, because of power |imitations, no

more than 24 outputs may be set at one time with a maximum duty cycle of 20%.




BITE is provided in this module in the form of one response datz word
for each channel. The response data word consists of the previcusly commanded
outputs as long as the BITE is executed within 20 ms after the outputs are
commanded. The response data word is compared tfo the commanded output to
verify P028 operation.

“igure 3 is a block diagram of the P028 module. Figures 4 through 7 are
schematic diagrams of the P028 module and show hybrid interconnection and
discrete circuitry.

The P028 module was tested over a range of temperatures from =20°C t+o
+100°C. Results of this test are shown in Table |I.

New hybrids used in the P028 design that are different from D028 include
the D028 CONTROL 3A and D028 DRIVER 2, Circuit analysis of these hybrids as
carried out by the Sperry Microcircuit Engineering group is shown in
Appendices | and || respectively. |In addition, hybrid substrate, schematic
and assembly drawings for the D028 CONTROL 3A hybrid are in Appendix |11

while those for the D028 DRIVER 2 hybrid are in Appendix IV.
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TABLE |

PULSED OUTPUT 28V
THERMAL TEST

¢ The P028 breadboard was tested from -20°C to +100°C and no problems
were encountered. The following is the data recorded during this test.

Input voltage to the drivers was 26 VOC.

CHz BIT |
TEMP_(C®) PULSE WIDTH RISE TIME FALL TIME _ OUTPUT VOLTAGE
f -20° 29.8 ms 16 us 65 us 23.5V
» 0° 28.2 ms 15.5 us 68 us 23.7V
: +25° 26.8 ms 14.8 yus 70 us 24.0V
s +50° 26.4 ms 13.8 us 76 us 24.0V
= +759 26.5 ms 13.3 us 82 us 24,0V
2 +100° 26.3 ms 13.0 us 93 s 24,0V
£ 0
;; _TEMP_(C®) PULSE WIDTH RISE TIME FALL TIME  OUTPUT VOLTAGE
; -20° 28.8 ms 16.2 us 55 us 23.8V
: 0° 27.5 ms 15.2 us 58 us 24.0V
v, +25° 26.0 ms 14.0 us 60 us 24,0V
: +50° 26.0 ms 14.0 us 69 us 24.0V
+75¢ 25.7 ms 13.5 us 75 us 24,0V
+100° 25.5 ms 13.0 us 83 us 24,0V
ORIGINAL PAGE I8
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Sequence Memory (SEM) - The Sequence Memory module (SEM) provides

for the indirect mcde of command for the FMDM. Upon receipt of a PROM
sequence command, the SEM will be accessed and perform the required
preprogrammed sequence.

The SEM circuitry consists of an M2708 EPRCM and associated circuitry
for interfacing with the Sequence Control Unit (SCU) as shown in Figure 8.
The M2708 uses three power supplies: +12V, +5V, and =5V. During normal
operation in the read mode, +I2V is obtained from the +12V MIA regulator,
+5V is obtained from the core P/S, and =5V is derived from the core P/S's
=-13.2V by an onboard regulator on the SEM. The EPROM may be programmed
while the SEM is still installed in the FMDM by connecting a PROM programmer
to the J5 connector of the FMDM. When being programmed, the SEM obtains
all needed elecfrical signals and power from the external PROM programmer.
To erase the EPROM, the SEM must be removed from the FMDM and subjected to
the prcper ultraviolet source.

All signals to and from the M2708 are TTL compatible. The SN5407
interface circuifry is power strobed and all unused inputs are grounded to
insure minimum power dissipation in the SEM.

Appendices V and VI show calculations verifying worst case operation
of the +12V and =5V regulators. The +5V from the core P/S is also used
for powering TTL in the SCU and therefore will also satisfy M2708 require-
ments.

Other Module Modifications = Unlike the Orbiter MDM, the Flexible MDM

has interchangeable IOM's., The IOM's may be interchanged with no other

changes to the unit. In order to accomplish this, several changes were made

- |5 =
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to core modules and I0OM modules.

To accomplish IOM interchangeabilify, the IOM power supplies are
incorporated into their respective |IOM's and module mix informaticn is
no longer programmed into the sequence PROM's but is incorporated into the
IOM's., Multiplexing circuifry has been added tc the MIA modules to channel
this module mix information from the IOM's to the SCU. Figure 9 shows the
original non-flexible Orbiter MDM architecture, while Figure |0 shows
the Flexible MDM design. |In order to accomplish The above changes, module
height was increased by 0.6 inches and the SCU and MIA were redesigned o
make room for the additional circuitry.

C. Thermal Design

Sperry has leng recognized the contribution of efficient thermal design
to overall reliability. To that end, an extensive capability for analysis,
design, and testing has been developed.

The basic approach to the assembly design is that of providing an integra-
ted thermal path from the heat-dissipating component to the cooling surface.
The construction of the circuit card assemblies provides a carefully designed
conduction path from the components to the chassis. |In furn, the chassis
forms an integral part of the thermal management system by providing a direct
conduction heat transfer path to the vehicle cold pliate as shown in Figure |1.

Heat energy dissipated by devices mounted on circuit card assemblies is
transferred to a copper thermal plane below the device. The heat is then
conducted along the fthermal plane to the aluminum frame, then directly to
the module-chassis interface. Dimensional tolerances, widths and thickness
are carefully controllied at this interface to maintain a minimum temperature
differential across the junction and fo avoid using special thermal grease

or filler compounds.
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In the layout of the circuit card assemblies, careful attention is given
to power distribution and component location to prevent the build=up of hot
spots and fo produce a uniform temperature throughout.

The power supply housing is mounted directly to the rear wall of the
FMOM over a large surface area, thereby creating an excellent conduction
path fo the chassis. Internally, component mounting bracketry and thermal
planes on the printed wiring board provide short, direct conduction paths
from the dissipating elements o the power supply housing.

Sperry has developed computer programs capable of analyzing thermal
characteristics of electronic equipment for a variety of operating conditions
and environments. These have been used in both the steady-state and transient
modes to define Jjunction temperatures and optimize the thermal design.

The results of extensive thermal analyses and tests on the Flexible MDM
have shown that every semiconductor junction temperature is below 125°C as required
by NASA Orbiter MDM. Moreover, for the cold plated version of the Flexible
MDM all junction temperatures are below 100°¢.

The thermal design of the Orbiter MDM is identical to the cold plate FMDM.
|ts thermal design for cold plated equipment has been qualified for cold plate
cycling between 30°F and 125°F. For the same cold plate temperature the |ower
powered FMDM will achieve highly reliable operation with junction temperatures
well below 100°C. .

2. Fabrication
A. Chassis Fabrication
The Flexible MDM (Figure 12) consists of a chassis, wire-wrap motherboard,

12 plug=in modules and a power supply. Interface connectors, pressure relief

«2 -




NOTES:

1. DENOTES APPROXIMATE CENTER OF GRAVITY.

2. REFERENCE DIMENSIONS FOR INFORMATION ONLY.

3. DIMENSIONS IN [ | ARE IN MILLIMETERS.

4. RFMOVE PROTECTIVE COVER PRIOR TO INSTALLATION RO WEIGHT MEASUREMENTS.

5.WITH THE PROTECTIVE COVER REMOVED AND ALL FASTENERS INSTALLED. THE BOTTOM
COVER SHALL HAVE A FLATNESS OF .010 AND A RFACE FINISH.

6. FLATNESS MEASUREMENT SHALL BE MADE WITH THE UNIT MOUNTED TO A SUITABLE PLATE,
FLAT WITHIN .002 AFTER UNIT ASSEMBLY. FASTENER TORQUE SHALL BE 40 TO 60
INCH POUNDS. A TOTAL OF 10 POSITIONS SHALL BE INSPECTED ON APPROXIMATELY
3 INCH GRID BY MEANS OF SUITABLE ACCESS HOLES IN PLATE.

7. APPROXIMATE UNIT WEIGHT TBD POUNDS.

8. APPROXIMATE POWER DISSIPATION RANGE TBD.

9. UNIT IS DESIGNED FOR COLD-PLATE CONDUCTION COOLING
THROUGH IT’S MOUNTING SURFACE.

10. CHASSIS STRUCTURAL AND THERMAL DESIGN INTEGRITY IS ESTABLISHED WHEN THE
UNIT IS FULLY POPULATED WITH 12 MODULES AND THE POWER SUPPLY.

CONNECTORS
REF DES | NASA PART NO. FUNCTION
NLSOE24-35P SIGNAL
NLSOE24-35PA SIGNAL
NLSOE24-355C SIGNAL
NLSOE24-3588 SIGNAL
NLSOE16-35P DATA BUS
NBGH14-05FN POWER
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valve and nomenclature are all mounted on the front panel of the unit. Four
captive mounting fasteners are attached to each side wall/bottom cover flange.

The machined side panels incorporate tight tolerance module slots to
achieve a high thermal contact interface with the module frame. The side
panel shape minimizes weight while achieving high strength and a good thermal
conduction path to the cover.

The covers complete the chassis assembly. Both covers are of ribbed
machined aluminum construction and feature captive fasteners.

The interconnect wiring system is composed of a motherboard, unit
cennectors, power supply connector and a wire harness. The motherboard is a
Printed Wiring Board (PWB) that distributes internal voltage, ground and
selected digital signals. The connectors are square wire-wrap terminal posts
on which a modified wrap termination in accordance with MIL=-STD-|130 and
NAS 2695 is used to enhance the vibration reliability of input/output and
card-to-card interconnections. Kapton-insulated wire confroming to MIL-W-838|
is used throughout the harness assembly. The entire interconnect wireharness
assembly is preassembled, tested, then installed into the bottom of the
chassis with self-locking hardware.

Connector J5 was enlarged to a 55-pin socket in order that it would be
able to accept 27 additional wires required for in=the-unit EPROM programming.
This is in addition to its function as the Orbiter data bus connector. The
pin/function list for this J5 connector is shown in Table |l. Note that, when
tied to the data bus and not in the program mode, pin pairs 23-24, 30-31,
45-46, 54-55 and 3-16 should be shorted together within the data bus connector.
In the programming mode, the +12V, +5V, -5V, PROGRAM and CLASS GEN IN (the

second pin denoted in each above pair) are provided by the sequence memory

ORIGINAL PAGE IS
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programmer and are not connected to any internal FMDM circuitry other than
the sequence memory. SEQ ADR and DATA |/0 bits are also provided by the

programmer but are ftied in common with SCU address and data circuitry.

TABLE |1
CONNECTOR J5 PIN/FUNCTION LIST

Pin | Logie "™
2 Spare
- Logic "O"
4 Spare
5 Bit | (MSB)
6 Bit 2
7 Bit 3
8 Bit 4
9 Bit 5 (LSB)
10 Spare
‘ X Data Bus (HI)
12 Data Bus (LO)
13 Spare
i4 Spare
15 Spare
16 Program
17 SEQ ADR CSL
18 SEQ ADR 8
19 SEQ ADR 7
20 SEQ ADR 6
21 SEQ ADR 5
22 Spare
23 CLASS GEN OUT
24 CLASS GEN IN
25 SEQ ADR 4
26 SEQ ADR 3
27 SEQ ADR 2
28 SEQ ADR |
29 SEQ ADR @
30 +5V Out
31 +5V In
32 Data 1/0 @
33 Data 1/0 |
34 Data 1/0 2

35 Data 1/0 3




Table Il (con't)

Pin 36 Spare o
37 Spare 5
38 Spare '
39 Spare b3
40 DATA 1/0 4 #
41 DATA 1/0 5 i
42 DATA 1/0 6 B
43 DATA 1/0 7 g
44 Spare :
45 -5V OQut B
46 -5\ In 4
47 Spare 8
48 Spare g
49 Spare 3
50 Spare N
51 Spare 8
52 Spare
53 Spare 5
54 +12V Qut N
55 +12V In -

Note: Shield tied to connector backshell. g

Chassis = The chassis and covers are precision machined from aluminum
alloy, then machined after riveting in an assembly fixture to locate the
cover fastener fittings, the cover mounting surfaces and motherboard mounting

surface.

Quality control procedures, starting with material certification of the

raw stock and following on through dimensional inspection to visual inspection {j
of the completed chassis, are inserted at appropriate peints in the fabrication Z;'

4]
and assembly process. All inspection operations are under the formal control é

of the Sperry Quality Control department.
Finishes are applied at appropriate points in the fabrication cycle.
For example, the sides containing the card guides are anodized prior to

assembly. Faying surfaces between parts are masked to prevent anodization

and then cleaned prior to assembly to assure electrical continuity. After

machining, the entire chassis is given a chemicical=fiim treatment per MIL-C-3541.

.28 .




Printed Wiring Boards - Another of the major fabricated items are the
printed wiring boards. The boards are of conventional glass-epoxy construction
using standard fabrication procedures. B8oard construction techniques and
materials meet the design requirements of MIL-P-55640.

Motherboard - Fabrication of the multilayer motherboard is the same

as the CCA boards. Wire-wrap pins are then installed in the piated holes.
This technique is currently in production at Sperry on Space Shuttle hard-
ware.

Circuit Card Assemblies and Power Supply = The design of the CCAs and

power supply is identical to equipment currently in production at Sperry.
All producibility problems have been worked out; people have been frained
to assemble this same type of hardware.

B. Module Fabrication

General Features - High component density, design flexibility, effi-

cient thermal management and structural rigidity are features of the module
design concept developed for the Orbiter MOM and SRB MDM as shown in Figure 13.
For the Flexible MDM, the module design is identical except for a small
increase in height. |
o Each module assembly consists of two Printed Wiring Boards (PWB), an
aluminum frame, captive mounting hardware, card connectors and
individual components.

o The PWB is a multilayer board containing all circuit lines on

internal layers and is fabricated from flame retardant glass epoxy
material conforming to MIL-P=55617. Construction techniques and
materials conform to MIL-P-55640. Surface layers are restricted to
pads with the exception of the etched copper thermal plane. The

copper plane provides a direct thermal conduction path from the

- 26 =
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components to the aluminum frame. The assembled PWB is conformally
coated with Dow Corning 3140 for moisture protection.

o The number of connector contacts is minimized in the module by
employing flexible printed wiring for the interconnecticon between
module PWBs.

o Board assembly connectors are of the box contact type which mate
with .025 inch square wire-wrap posts on .100 inch centers. The con-
nector series is available from a number of manufacturers and has an
exceptional record in a wide variety of applications.

Pulse Qutput 28-Volt (P028) - The P028 was layed out and fabricated in

a manner very similar to the Discrete Output 28-Volt (D028) module as shown
in Figures 14 and |I5. Maximum use was made of hybrids from the D028 module,
including the D028 control | (A2Ul), BUS RCVR (A2U8), BUS CONTROL (A2U9),
D028 P/S (AIU9) and P/S Mod 3 (AIUIO) hybrids. Modified hybrids include
all DO28 DRIVER 2 types (AlIUI-8, |l; A2U3-5) and D028 CONTROL 3A (A2U2).

Sequence Memory (SEM) - The sequence memory is fabricated cn the A2

side of a standard 62-pin module as shown in Figure |6 and is always plugged
into slot |l (counting from @) in the FMDM chassis. The entire circuit is
left exposed in order that the module can be removed and its M2708 EPROM
erased by the UV eraser unit.

During conformal coating, the EPROM window is masked in order to avoid
being covered by the UV-opaque coating.

Power Supply (P/S) - The Flexible MDM core power supply is a replace-

able Subassembly located at the rear of the chassis.

- 28 -
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Careful consideration was given to power supply nousing design
and component placement to cbtain an efficient package density, structural
integrity, effective thermal management, and EMI| isolation.

Construction consists of a machined aluminum housing and one Printed
Wiring Board. |InTernally, components are mounted fo the aluminum housing or
on the PWB thermal plane as shown in Figure |7. A small wiring harness using
polyimide-insulated wire provides the necessary interconnection. The power
supply is mounted directly to the rear wall of the chassis. A large contact
area is provided in the chassis to enhance both structural and thermal |
characteristics. High power dissipating components mount directiy to the
power supply housing. A PWB supports lower power components to reduce volume
and weight of wiring.

A power supply connector conforming to MIL-C-24308 is used because of
its high current carrying capability and excellent reliability history in
military airborne applications.

C. Hybrid Circuits

Hybrid circuits are extensively used in the FMDM to reduce size and
weight and to improve reliability. The hybrid circuit is generally a
functional block embodying the equivalent of approximately 10 to 100 discrete
components.

The printed-and-fired or thick-film process is used in Sperry-designed
hybrid circuits. This type of circuit, typical examples of which are shown
in Figure 18, has been in service in Sperry equipment for several years.
Hybrid circuits fabricated at Sperry are housed in a variety of packages to
suit the end item application. The packages shown are typical of current

production. The flat-pack piredominates in the FMOM (Figure 19).

- 30 -
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Figure 17
Power Supply Assembly
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(b) CIRCUITS BEFORE SEALING

Figure 13
Typical Hybrid Circuits
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Figure |9
Hybrid Circuit Assembly Det
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3riefly, the hybridization process involves the forming of resistive
and conductive patterns on ceramic substrates. For instance, platinum=group
metals form the basis for resistors and platinum-gold and pure gold form the
Iinterconnections. The appropriate patterns are printed on the alumina sub-
strate, then dried and fired at a *+emperature of approximately 850°C to cure
the pattern and fuse it to the substrate. Conductive patterns of high circuit
density or complexity can be achieved by multiple-layering techniques in
which alternate layers of conductor and dielectric materials are printed with
appropriate electrical connections between conductor layers. Resistors are
given a stabilizaticn aging and are then frimmed to their required value
with a computer-controlled laser system.

All capacitors and semiconductor dice such as integrated circuits, tran-
sistors and diodes are added to the resistor-interconnect pattern as individual
chip components. Semiconducter devices are generally purchased and mounted
in conventional chip form and gold wires are added for interconnections to
the conductive patterns. FMDM hybrids involve digital integrated circuits
such as TTL and CMOS; analog devices such as operational amplifiers and
JFET, MOSFET, and most types of bipolar transistors.

o Resistor ratios of +.5 percent can be trimmed on the same substrate.

o Resistors can be adjusted (trimmed) with the circuit operating

(dynamic trimming) to achieve specific characteristics such as gains,
offsets, nulls, etc. Typical gain folerances are .5 percent; amplifier

offsets and nulls are +2 millivolts.

ORIGINAL PAGE IS
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Electrical testing of the circuits is done on autcmatic test equipment.
The tester is programmed for the test conditions and test |imits of each
circuit type. When the tests are completed, a "pass" or "fail" signal
is given. |If the "fail" signal is given, the tester identifies the tests
that were failed.

All of the hybrid circuits designed for the FMDM program were fabricated
in the Sperry microcircuit facility. All hybrid circuits produced in the
Sperry facility are inspected and screened fo the quality requirements of
M| L-STD-883, Method 5004.1, Level B with the following exceptions or additions:

Internal Visual - MIL-STD-883, Method 2017, Condition B as a minimum

with additional requirements for prevention of loose particles.
PIND Test - is added.

Constant Acceleration - The test condition is determined by package size

and capacitor sizes.

Burn=In = All circuits are ourned=-in for 168 hours under operating
conditions at a temperature that will cause the maximum junction temperature
to be between 125°C and 150°C.

Two package types are used by Sperry for hybrid circuits, the first
being a header with pins out the bottom of the package and the second, a flat
pack in which the leads come out the side of the package. Different sizes,
pin counts, and shapes are available for both package types. The type and
size of package selected for a circuit is a function of the circuit, pin
count requirements, power dissipation and mounting technique used at the

next higher assembly.

-37-




For the header-type package the completed substrates are attached
to the pins of the header by soldering in an inert atmosphere. When tThe
flat pack is used, the completed "Jbstrate is mounted in the cavity of the
package and gold wires are added to connect the circuit on the substrate
to the leads of the package. After fthorough cleaning, both package types
are then hermetically sealed with a metal cover (welding being employed
in all FMDM hybrids) in a dry nitrogen atmosphere and protected from the
rigors of the equipment environment by a hermetically sealed package. An
example of a typical circuit assembly was shown in Figure 19. The circuit
shown consists of the two multi-layer substrates with 93 components including
37 semiconductors, three capacitors and 53 resistors.

The basic accuracy of a hybrid circuit lies in the fabrication of the
thick=film resistors. Although tighter specifications can be met by special
processing, typical thick=film resistors have a Temperature Coefficient of
Resistance (TCR) of less than 100 ppm/©C and tolerances as low as one percent
of absolute value. However, the hybrid fabrication process provides several
techniques for obtaining better accuracy from the circuits. These are:

o All components within the hybrid will be at approximately the same
temperature during operation. This provides uniform tracking of all
components.

o Resistors manufactured in one printing operation are all made from the
same paste and thus will have essentially identical TCRs. These
resistors will track to within 20 ppm/°C.

D. Sequence Memory Programmer

The FMDM Sequence Memory Programmer is capable of brogramming the
FMDM sequence memory EPROM. The unit is self-contained, |ightweight (38

pounds) and portable. |t connects to the sequence memory module for




programming via front panel connector J5. A self-test feature also allows
the programming of a test EPROM, mounted in a programmer front panel ZIF
socket, to be carried out pricr to actual sequence memory programming.

The Sequence Memory Programmer (Figure 20) is a modified DATA 1/0
Mode! V Programmer. |t has a 1024 x 8-bit RAM memory and ar integral paper
tape reader. All operator confrols are located on the front panel (Figure 21)
of which the following are utilized during sequence memory programming:

o RDR IND: Selection of this mode allows the paper tape to

automatical ly index up to the beginning of sequence memory data.

o RDR RAM: This mode loads the paper tape into programmer RAM.

o RAM ROM 2: This mode initiates the 4 |1/2 minute programming cycle
for either the test EPROM or the FMDM sequence memory.

o RDR ROM 2: This mode is used as a final verification of programming,
and compares the paper tape directly to the contents of the programmed
memory .

Indicator lights are used to show programmed (LED on) and unprogrammed
locations (LED off). The top row of lights show old data in the device being
programmed; the bottom row indicates new data for input to the programmed
device.

A protective carrying case is also provided for the programmer.

In operation, it was found that the M2708 EPROM's are sensitive to, and
can be partially erased by, prolonged exposure to fluorescent |ights which
have a high =UV content. |t is therefore recommended that all test EPROM's

and Sequence Memory modules be stored in |ight protective cases if it is
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desired fo retain the memory for an extended period of +ime. Their
sensitivity to UV light is also prevalent during the programming cycle
using the cable and therefore the FMDM top cover should be in place at the
time of sequence memory programming.

E. Sequence Memory UV Eraser

The sequence memory UV eraser (Part No. 4033990) is a powerful UV
lamp which provides efficient erasure of both test EPROM's and the sequence
memory module EPROM (See Figure 22). The unit includes a lamp and 30-minute
timer assembly which operates at |10V AC. A detachable tray holds either
individual test EPROM's or an entire sequence memory module during erasure.

UV intensity is 10 watt-sec/cm?2 which at | inch separation will erase
an M2708 in |15 minutes although 30 minutes is recommended to ensure complete
erasure. Since short wave ultraviolet light can injure eyes and skin, all
enclosures are |light tight.
3. Test

A. Performance Test Specification

The FMDM version of the Performance Test Specification (T4033582) was
completed in November and was utilized in the ATE test demonstration carried
out at the November program review. This version of the test specification
was similar to the MDM test specification with primary changes being in the
test procedure to allow operator definition of IOM module mix, addition of
a P028 test section, modification of the DCIN section to test 32 differential
channels, and the generalization of the sequence memory test procedure.
The document and resultant software were written for a simplex FMDM but can

accomodate a duplex box with minor additions.
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FIGURE 22
SEQUENCE MEMORY UV ERASER
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B. Functional Demonstration

The November ATE demonstration involved the use of the new universal
test software and adapter hardware. The capability to test the FMDM
independent of input/output module configuration was shown, in addition to
the ability to interchange IOM's in the field. The P028 breadboard was
also functionally tested. A typical listing of a similar ATE sequence
is shown in Appendix VII.

Verification of the sequence memory contents was also carried outT
during this demonstration. Prior to the ATE run, the memory was prcgrammed
with a random sequence from a pre-punched paper tape. The formatted data
on this paper tape is shown in Appendix VIII. The memory contents readcut on
the data bus is shown in Appendix |X ana agrees exactly with the programmed
data. MNote that the first |6IO locations do not agree; that is because
these locations indicate IOM configuration and are hardwired to IOM pins on
the motherboard. Thus, when these are read out over the data bus the basic
IOM mix can be determined. Alsc note that the sequence memory EPROM itself
need not be programmed with this IOM information since iT is automatically
accomplished by IOM hardwire multiplexing.

C. Acceptance Test Procedure

The Flexible MDM Acceptance Test Procedure (TP4032521) was completed
as required. |t was based on the Orbiter MDM Test Procedure and includes
insulation/dielectric tests, BITE tests to be run during vibration and
thermal tests, and retest procedures.

An acceptance test dry run was made and successfully demonstrated
operation of the microcomputer software used to run BITE during environmental
testing. An example of the resultant output for such a test is shown in

Appendix X for the following FMDM configuration:




O

MODULE NO. MODULE NAME
0 DIS
' 0028
2 D028
3 D128
4 DCIN
5 D05
6 $D1/0
7 DCO

During actual acceptance testing, all the pass data shown in the
print out is normally not shown; only FAIL data would be printed if it
occurs at any time. The software continually runs BITE until interrugted
by an external operator input. The module mix may be changed at any
time by selecting the MAP mode and requesting a CHANGE as shown at the
beginning of Appendix X.

4. FMDM Thermal Study

See Appendix XlI.
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HYBRID REQUECST DATA SHEET

Name of Circuit: _ DO 28 CowaTRo. 3A _ Reéquestor: J. L De Ruvsee

Part Number: 'v_.*o 26'S9 Date: _2]1§/772 ., Dept: 220 '
Ext: /Y¢S~ 'Mail Station: /-2
Charge Numbzr for Development and Prototypes: A.O0. Numbzr: 2304¢1v

Prod. No.

duantity Usaée:
31 Pfot;types:

3.1.1 " No. Required: e
: '3.1.2 Date .Requ:!.red: 12/27'/77

T

3.2 'Px':oductior;:‘
3.2.1 No. Required: 5
3.2.2 Date Required: 3/2 3/7?

System Requirements: |
4.1 .System Opszlating Temp;eratm'e Range: _—/O _°c to +7/ %c
4.2 System Storage Temperature Range:' "éé ° to /25 _ °c
4.3 Special System Requirements: ¥

*

Circuit Requirements:
5.1 Case - Operating Temperature Range: _~ 20 % to * /00 °c
5.2 Circuit Schematic: (Attach separate sheet) ‘

Qunalupio & £320- HDH 0D¥ RauC

‘> B0 PRECEDING PAGE BLANK NOT FILMED




' 5.3.3 Trancistors, Diodes and Integrated Circuits:

Component Information lattach aepar&te sheet)
5.371 Resistors: | '
8 Velee 5 R s b
b) Tolerances
¢) Power Dissipation. (vorse case)
d) Temperature Cocfficient of Resistance (TCR)
e) Voltage across recistor ;
5.3.2 Capac§tors: ; P
_ @) Value
" b) Tolerances
-+ - @) Working Voltage (DC)

“+-+5 @) Temperature Characteristics

a) Standard 1N, 2N or IC numbers
b) Power Dissipation (worse case)

5.3.4 State any unusual clgctrical problems such as component
. proximity, sensitive lead, etc.: sl

- .o - -——-

— . - e - .-

5.3.5. Non-preferred Components Utilized: (Specify non-pre-
: ferred/single source components used; i.e., Device
and Source).




5.4 Circuit Power Dissipation: : .
5.471. 23761 m vatts (average)
5.4.2 8%.19¢ ™ watts (vorse case)

5.5 Has t.he circuit been worst-case analyzed for va:intion :ln
component characteristics? ’

. 6. Circuit Testing:

6.1 Has the circuit been tested over the circuit operating-ope-

rating temperature range (para. 5.1) for worst-case variation
in componceni: charzcteristics?

z :.-{’9 Fo

- . .

6.2 Did the circuii meet all requirements in the above tempera-

3 ture testing? G _
& -

6.3 Tést. Specification (attach separate sheets)

7. This circuit has been reviewed by hybrid engineering for technical
feasibility.

. ih 59 disapproved

Hybrid Engineer: //’../:... //’Dm-'cf iy ' Date: __fl2/72 -
Section Head: __ (N & D AOCLp/ Date: 26Quq 77
C;mnants: |

'. 8. Engineering approval: . ks . M e ' 3/2 .9'/ 77 |

. ; Section Head: Date: 1—7&77
- Department Head: . " Date:

Manager: : - Date:
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Cireuit

Enginecer B 8 K(au;.IL j Nam * Do 28 Control _}4'
Extension __ X 1417 P/N _ 4026 159
| pate _8/19/72
Final Max. |. i " .
Ref. j (%) | Power |ppm/°C | Max. Indust | Static | Dynamic " REMARKS
 Desion) Design| Value | Tol.-| Diss. | TCR | Voltace Tyve Trim TIrim :
, : o : Sperry Paet ® 2500972
BAS! il e 3 S.Sv ~
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HYBERID REQUESYT DATA SHEET

1. Name of Circuit: DQ PR ) Driver e Requestor: __J, L, Deluiter
Part Number: __ 4026l | Date: _8[11)17 Dept: S¥20
& Ext: /Y¥S" Mail Station: 752

2. Charge Number for Development and Prototypzs: A.0. Numbar: _23o06(2. :

Prod. No.
2 3. Quantity Usage:
# i 3.1 Prototypes:
. 3.1.1 ~ No. Required: /77
f 4 '-'3.1.2 Date .Required: /2/17/7 7 : -
P! - 4 3 Production: - - ‘ |
3.2.1 No. Required: 20 ._
3.2.2 Date Required: 3 |z2]7¢
4. System Requirements:
4.1 System Operating Temperature Range: "’/OO °c to _t1 ) °c
4.2 System Storage Tempe;ature Range:" “6S ° to +125 ©c
4.3 Special System Requiz.:ements: }{ po sliapd 2 s/
,.,,,3!,,/3 . T/-fz@ /< h e Slpr’L . o "(,1"7" /:-"f"lvr.

5. Circuit Requirements:

5.1 Case - Operating Temperature Range: _— =20 Oc to+100 °c
5.2 Circuit Schematic: (Attach separate sheet)
PRECEDING PAGE BLANK NOT FRLMED * ORIGINAL PAGE IS
: OF POOR QUALITY
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5.3 Component Information f(attach separate sheet)

5.3.1 Resistors:
a) Value S : -
. b) Tolerances
¢) Power Dissipation (vorse case)
d) Temperature Cocfficient of Resistance (TCR)
--.@) Voltage across resistor
5.3.2 Capacitors:
mEEE a) Value
b) Tolerances
- @) Working Voltage (DC)
.- d)n Temperature Char:c?eristics
. 5.3.3 Trancistors, Diodes and Integrated Circuits:

a) Standard 1N, 2N or IC numbers

b) Power Dissipation (worse case)

5.3.4 State any unusual electrical problems such as component
proximity, sensitive lead, etc.:

5.3.5 Non-preferred Components Utilized: (Specify non-pre-
ferred/single source components used; i.e., Device
and Source).
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5.4 Circuit Power Dissipation:

5.471 % /0 m watts (average) ORIGINAL PAGE IS

OF POOR QUALITY
5.4.2 9¢% M _ watts (worse case)

5.5 Has the circuit been worst-case analyzed for variation in
component characteristics?

6.1 Has the circuit been tested over the circuit operating-ope-

rating temperatwre range (para. 5.1) for worst-case variat:.on
in component charzacteristics 1 f 6"’7

’

f'“‘, | 6. Circuit Testing:

R e

S N YL
. yes no

. - . ® 5 & &
3 3

' 6.2 Did the circuit meet all reguirements in the above tempera-

ture testing?
L

6.3 Test Spec'ification (attach separate shcets)'

: 7. This circuit has been reviewed by hybrid engineering for technical
1 feasibility.

. ——
Feammsn 43 o (:;:pTove/d “ disapproved
\_—/

Hybrid Fngineer: Uz 9 /7 " Date: #9 5(,0}77

Section Head: ! \I ¢ | Date: 3—%7_'7

Comments: _&M Lean s der w will w c
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