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MANAGEMENT PLAN FOR PROCUREMENT AND EVALUATION
OF HIGH RELIABILITY SEMICONDUCTOR .DEVICES FOR
THE UHF SATELLITE PROJECT

INTRODUCT | ON

A‘

Scope and Objectives of the Study

‘The” purpose of this Plan is to provide the UHF.Satellite Project

wi-th the basis for management of a program to procure, evaluate and
screen flight semiconductors, and to supply these devices as GFE

to its subsystem contractors.

The Plan will support this concept with a summary of studies, proposals
and experience to date, chiefly the experiencé with such a program
by the CTS Satellite Project.

This study will not deal with the technica]tasbects of 'semiconductor
eva]uation} as these have been comprehensively presented.in ear]ier._
work ], but rathef will deal with the overall management'df thé:pro—'
gram. The Plan will highlight technical aépects-on}y aé they affect g

this overall management.

The Plan will discuss advantages and disadvanfages of a government-
managed program, and will include discussions of prob]ems'which'have

occurred in similar undertakings.

- I'f the decision is made by the UHF Satellite Project to~undertake:-~

the management of semiconductor procurement for its subsystem con-
tractors, sufficient detail and guidance is presented herein to

carry out this task.
1. Most notably, R.F. Haythornthwaite, A.R. Molozzi; and D, V.

Sulway; ''"Reliability Assurance of Jndividuaﬂ Semiconductbr ‘

Components''. [|EEE Proceedings, Febw“1974.1
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)
The management plan is flexible enough to be adapted to several
modes-of implementation: with the work being done By a government
agency; by-a subcontractor; or most 1ike1§, by a combination of

the two. Wﬁere one alternative is speCificaliy favored over another, -

an appropriate recommendation is made.

Historical Background

The_origina] proposal esfablishing the basis for the CTS Parts
Procurement Program was presented to CTS by the CRC Reliability Analy-
sis Section during the Project Development Phase. Technigal justi-

fication for the proposal was contained in a report to CTS;Project .

‘management which was later expanded in the previously referenced

IEEE paper.

' The essential elements of this propcsal included:

- the establishment of a controlled parts list by the Desfgn Authority-

through circuit analysis and'component'comparison.'

- the selection of approved semi conductor manufacturers by experience

with and study of their applicable technological capabi]ities.f

- the control of the manufacturing process by initial specification

and subsequent inspections.

- the elimination of defective semiconductor devices through established

screening methods.
- the selection, testing, and analysié of sample devices at various )

stages throughout-the production cycle from initial wafer selection

through final ‘ihspection.
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The program actually used by CTS was based on the above elements

with one major variation. It became clear eafly in the program

that delivery schedules and availability of interested maﬁufacturers
would severely limit the application of this technique for all devices.'
For approximately half of the device types, chiefly diodes and

simple transistors, an alternate procuremént'route was used: an
independent testing laboratory-was contracted to purchase these
‘devices "off-the-shelf'" to manufacturers’ specifications and then
subject the devices to the same level of mechanical, electrical,

and environmental screening as required by the origfna] CTS procurement
specifications. In most cases, these screening specifications were

" derived from MIL-STD-750 and MIL-STD-883, modified as appropriate

for specific devices.

A summary of CTS experience to date is better understood with>some
insight into the comp]exity of the‘prob]ems which faced CTS in the
management of its centralized procurement program. - ‘

The CTS Project contracted manufacture of its subsystems to severa}
contractors, four of whom had major e1ectronic assemblies Fequifiné-
high reliability semiconductors. As an addftioné] complication,
there were several additional subcontractors involved in the final

end use of the devices.

These semiconductors were required in 23 "black-boxes' (IMU's). The
origina] parts list contained over 225 different device types, which
 after negotiation with the contractors, was reduced to approxﬂmatély
180 types. Rough breakdown of these devicé types by generic group

~is as follows:

60 Diodes
47 Transistors
60 Integrated Circuits

13 Custom.HybrLd'Micrbcfrcuits_
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Required quantities of these device types for the various IMU'
ranged from two to several hundred.. The tota] number of’ devices,
including spares, approached 12,000. TheSe devices were procured
from 20 speclallzed manufacturers, and the lndependent testing
laboratory, under 35 different contracts. The average number of
IMU's which used any given type was six; however, a few device‘types

were required in over twice that many boxes.

Since the IMU's were being manufactured by several companies on both
sides of the border, to varying schedules for -each assembly, it-
became clear that, irrespective of any technical problems, there
existed a major management problem in»the'procurement, evaluation,
"and timely delivery of the GFE semiconductors to the CTS contractors.
In late 1973, a special task team was formed to dea] Wlth this manage-

ment problem.

Early results indicate that the program.has been successful. Suffi-
_cient numbers of the high reliability devices for flight buildup N

were procured, screened, and delivered wnth no maJor schedule per-

turbations, and- perhaps most lmportantly,;no delays attributed to

late semiconductor delivery by CTS.

O0f the -total number of devices, almost 7000 have been installed and
initially checked out; almost all have been subjected to continual

operation through environmental qualification of the flight and flight-

spare IMU's. To date, there have been 34 failures reported. "Of

these, almost half appear to be the result of improper'hahdliﬁg.or
mounting, and the remainder have been replaced with success._ Only

" three "unresolved" problems remain: in one series of TTL integrated
circuits, pin-holes in the oxide coatfng have been discovered as the
cause of two failures; in one type of hybrid, a suspected degradation
of a'beam-lead chip has caused three failures; and .in one type of

linear integrated circuit, thin oxide coating has caused three more

failures.
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It is interesting to note that all these devices were procured

from selected, qualified vendors, and subjected to the»optimum

‘rigid |nspect|ons idealized in the original technical proposal. On

the other hand, none of the large number of devices procured off-the-
shelf and screened through the independent testing laboratory have

failed to date.

Application and Justification

It seems clear that the presentation of the CTS history can lend

‘perspective to the problem facing the UHF Satel]fte Project. The

extent to which the history applies dfrectly is dependent on a

" number of unknowns:

- the selection of the UHF ménagement agency
- the selection of the Design Authority

- the decision of the Design Authorlty regardlng prime and/or sub-

contractors for the satelllte

- the complexity of design of UHF subsystems (state-of;the-ert,_or
of f-the-shelf)

- weight and budgetary- restraints on the satellite

- the time ehasing of the deve10pment'- design - manpfaéture.cycle
- the state of the semiconductor.indgstry.

Considering the above unknowns, tﬁis study.is directed to a
Manégemeht'Plan for prdcurement of high“reliability semiconductors

similar to that used by CTS; that fs, the Design Authority wil] set

the .standards for, and manage the procurement of, all semlconductors

for the UHF sate]llte, and 'supply them to the contractors as. GFE..

. HITECH CANADA LIMITED .




- The advantages of avcentralized,procuremént organization under Design

Authority control include:

- early visibility into design/device type reliability considerations
- reduction of numbers and stapdakdizatioq of device types

- greater design authority control over sdppTiers

- economies of scale in purchasing

S - greater-technicai advantages of traceability, lot homogeneity,

statistical sampling techniques with larger purchases

- efficient use, through centralization, of scarce technological

fFesources

{ the "clout" of the Canadian government in-dealing with supplfers

and other government agencies (e.g. US and ‘Canadian customs) -
- objectivity of evaluation..

The concept of having the'Design'Authdrity,supply semiconductors to.
the contractors as GFE is a double-edged sword, and not withbut sub-
stantial disadvantages. Perhaps the greatest of these is the simpTe

fact that the Design Authority’has'inserted_itse]f into the critical

" paths of its own contractors’ assembly processes. In a contractual
arrangement where schedule delays invoke\penaltiés on the contractors,

‘the Design Authority has provided the contractors with a possible

method of avoiding such:penalties. Other disadvantages are:

- A centralized procurement and evaluation’program,.no matter how

effective, introduces delays. There is reason to believe that .-

the désign-to-approva1-to—produgtion‘cYcle,is alréady too short
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for the procurement of any but the most common type of semi -
conductor. A procurement agency that keeps the circuit designer

one step further from his device supplier adds to this problem.

Standardization is, in a sense, antithetical to state-of-the-art
design. A designer on the threshold of a new technology heeds
greater latitude in the choice’of'specielized components. Custom
hybrid microcircuits, requiredﬂchiefly because oF_Weight and poWer".
restraints, are a case in point. To the extent that the‘UHF
satellite uses ''off-the-shelf" eqmpenents,end does not suffer

from excessive weight limitations, this factor may not be present.

With standardization,. any change in specification by a supplier or
;user_mdst go through the approval cycle for all users, often intro-

ducing unacceptable delays.

For those cases where designers are forced to standardiée,-they
must specify the highest perForhéhce deVice, to meet their most.
stringent requirements.. This wil]‘increase cost-and‘preeurehent A
time for those cases where an e]ternate, ]ewer;performance device"k

could have been substituted;

Finally, the‘goVernment.procuremenficyc]e,'1n impos ing heceséary
controls, lacks the responsiveness .and flexibility"thaf:is absolutely. -
vital if-a~procuremeﬁt'agency~is'to.effectiVely deal wifh”contjnuing
desigh changes, test failures, and the unayai]abi]ify of eertain-
device types. Had the CTS Project been férced” to use the normai
procurement cycle on every pufcﬁase,.their GFE semiconductdr supb1y’

program would inh all probability have delayed the CTS launch.

In summary, the advantages to the proposed procurement method are real

and.evident. The: ensuing Management Plan is designed to minimize or

" eliminate the negative Features of a centrallzed ‘government- managed

semlconductor procurement program.
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MANAGEMENT PLAN

The Management Plan for the UHF Satellite semiconductor procurement program

is divided into three basic sections:

Work Breakdown Structure - The systematic breakdown of the overall

. project into Work Packages,.and the~listiﬁg'in each package of the.

appropriate tasks.

Organization Structure - The organization structure recommended to
manage the effort, and the description of resources, including profiles

of people, required to carry out the Work Package tasks.

Systems and Procedures - The work flow- for the entire procurement and
evaluation of the devices, the management information system used, and

the control documentation required.

The details of each of these portions of the Management Plan are contained

in the following sections.

A..

Work Breakdown Structure

The Work Breakdown Structure (WBS) "is a tool used to divide work into

- separate packages for ease of management. It is, in a phrase, ''mana- .

gerial systems engineering'' applied to an overall project. It is a

pyramid approach, wherein at eachAleveI,»the-sum of the packages~bélqw

~equals all the work of the“packagé'abdve,“"This*makes‘the Work‘Packages

an exhaustive and exclusive compilation of total‘projeét activity.
The WBS of a large project contains flve or six levels for scheduling
and control purposes. The attached WBS (Figure 1) shows three levels

of Work Packages.

The WBS should not be (but frequently Is) confused with an organization

chart. The organization chart is shown .in Section TT B following, and

is quite different.
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GFE SEMICONDUCTOR PROCUREMENT AND EVALUATION

UHF SATELLITE PROJECT
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ThelLevel 3 Work Packages are listed on the following pages, with

the essential content of each package broken down to the .task -level.

1100 MANAGEMENT

resource assignment, organization changes, priority

overall operational coordination of group activities,

including procurement, inspection, receiving, shipping

scheduling inspections, pickups,-déjiveries,

single point of contact with vendors, contractors for all

expediting deliveries, tracking device status

1110 Oyerall Supervision
1111 - approval and control.
1112 -
determination _
-~ 1113 - problem analysis and solution
1114 - conflict resolution
1115 - Eeporting to higher managementv 
1116 - budgeting, financial'management
1120 Systemsvs Procedures
1121 - management systems analysis
1122 - operational procedures, instructions
1123 - form design, contro]'. _ .
1124 - management information.systém désignﬂ
1130 Schedule & Status Control
1131 -
1132 - control of data base
1133 -
1134 -
schedule matters
1135 -
1136 - priority enforcement -
1137 -

management information system operation, status reports
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Clerical Support

11
1142
1143
1144
1145
1146
1147

. | . 1140 -

--data base manipulation and maintenance
- oroducing, distributing computer sorts
- status, location of field personnel

- correspondence control

- report preparation

- Parts Review Board record keeping

- technical typing, filing, charting

1200 SPECIFICATIONS

1210

1211
1212
1213
1214
1215

1220

Master Parts List

~ coordination with contractors for_parts requirements

- Design Authority approval of circuit dessgn, parts requested
- rationalization of common parts'

- control of Master Parts List

- assignment of part numbers, cross- 1ndex1ng for other

ldentlflcatcon numbers

Procurement Speciflications

1221

1222

1224

|

1

R ‘ 1223
1225

1226

- preparation of family tree for procurement speoifications
by generic type ) ‘

- coordination with contractors for component performance
specnflcatlons _ ) ) »

- incorporation. of accepted MIL NASA manufacturlng and
screening standards into performance specqflcatlons

- publication and control of Finél'procurement Specifi—

cations

= technical negotiations with vendorsduring contract negotiations

- coordination of changes, waivers to specifications
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1300 CONTRACTING

1310 Requisitions
1311 - grouping of device types for appropriate source selection
1312 - contractual accreditation of: vendors
1313 - preparation of requisitions, supportlng documentation for
procurement ‘
1320 Contracts
- 1321 - negotiations with vendors through contract consummation
1322 - contract waivers, amendments '
1323 - contractual budget control’ - _
1324 - negotiations with vendors on price, scnedule_changes

1400 PRODUCTION & QUALITY CONTROL |

1410

Field Inspection

JARE

1412
1413

S

15

1420

- selection and qualification of vendors -

- enforcement of controlled assembly specnflcatlons

- technical negotiations with vendors, contractors for any
. modifications to procurement specifications’

- pre-encapsulation inspection ' | ‘

- pre-shipping inspection

Production Control

1421

1422
1423

142k

- changes in priorities of manufacturing

- overall technical single point of contact wfth Vendors

- tracking of status of devnces in field for schedulnng
inspections, pickup of devices ‘ '

- maintenance of vendor log books

HITECH CANADA LIMITED |
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1500 LABORATORY TESTING AND ANALYSIS

1510 Failure Analysis

1511 - mechanical, electrical, microphotographic testing and
examination of failed parts .

1512 - analysis and reporting of type, cause, and implications
of failures -

1513 - inter-agency notification and coordination for failed

components

1520 Sample Testing and Analysis

1521 - electrical, mechanical, optical inspections on samples
" of procured devices s
1522 - destructive testing on appropriate samples

1523 - reports on results of tests’

- 1530 Inspection _
. .

1531 - analysis of read-and-record dété aﬁd X-rays

1532 - Bonded Stores inspection-~

1600 FLIGHT BONDED STORES

1610 Receiving

1611 - customs clearance

1612 - pickup and hand carry of devices from.vendors

1613 - receipt, unpacking, quaranfine of incqmihg shipments

1614 - reconciliation with expected types, quantities of each
incoming shipment | | -

1615 - verification of receipf'for confracfua]_purpbseS‘and

invoice processing
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1620

- ]h..

Storage

1621
1622

1623

1624
1625

1630

transfer from quarantine of inspected devices

- separation of Bonded Stores devices from rejects and
quarantined devices ‘ - _ ﬁ ‘

- cataloguing and indexing of .all stored parts

- maintenance of stock record cards

- issue of'bonded devices for shipping, with Certificates

of Compliance

Shipping

1631
1632

1633

= preparation of shipping documentation
- receipt of devices from Bonded Stores and packing for
shipment . ‘

- notification of carrier, customs arrangements

Organization Structure

The Organlzatlon Structure for the procurement ‘and eva]uatlon pro-'

gram consists of a b]end of technlcal and managerial expertuse. The .

key concept of the organization is an adversary system which p]aces

responsibility for meeting the. operat!ona] ‘'schedule demands on a’

Schedule and Status Controller whlle retaining the checks and

balances necessary for adequate quality control under alternate

supervision. This can be done in.two ways.

- If a subcontractor is chosen to administer procurement handling,

‘storage and shipping, the government agency would retain. management

control over specnf:catlons, vendor selection and all quallty

control- functions.
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- If the government agency retains_respons}bility for the total
procurement program, a system of checks and balances must exist

within the organization. This latter method was used by CTS.

" The organization structure shown in Figure 2 can be adapted to

either method. Below are listed each of the groups shown on the
organization chart, with the resources indicated within each group.
Each function has been identffied, but tHe exact number of people
for each function depends on the scope of the program and the time
available. The text also indicates_Where a specific responsibility
should be subcontracted or, alternately;_retained by the government

agency, when this division is important.

1. Parts Review Board

The Parts Review Board consists of the Chairman (Senior Manager

on the procurement program),~thé-5éhedu1e.8 Status Controller,

the Production/QC Ménager; fhe Speéification Contrbl Officer and

a Secretary. Among ad hoc members are:’ specialists in_mi;ro—
circuitry physics, circuit app]iéations,'seMicohducth_manufacture,
and Field Project Engineérs as required for:sbécial~problem- .
resolution. Should the sémiconductor'prbcurémént_progrém”be 3
subcontracted, the government agendy must be represented on this

Parts Review Board.

The Board reports operationally to the Project Manager, .and is
technically responsible. to the Cohffguration Cbntrol;Authority

. on the Project.
The Board has two main functions:

- overall management of the program (wp 1100, 1116)

= resolution of tecﬁnical problems and high impact schedule per-

turbations.

HITECH CANADA LIMITED.
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Any change in contractor purchase 6rders; procuremeﬁt specifi-

cations, or the Mastef Parts List must be referred to the Board
for approval. A1l group instructfonS‘and procedures‘are issued
over the Board's signature and changes to them concurred in by

the Board.

Systems Engineering Consultant

A systems engineer from the Project Staff is required to advise
the Parts Review Board on the sYstems/circuit'implications of any

problem or change in semiconductor performance specifications.

Sysfems & Procedures Analyst

A systems and procedures consu]tant~fs required by the Parts Review

Board for the period of time necessary to accomplish the tasks of '
WP 1120. This period will vary ffom several weeks to several months,

depending on the extent to which elements of this proposal are adopted;

- Production/Quality Control Manager

A senior engineer experienced in all phases of semiconductor manu-
facture and familiar with aerospace procurement standards is re-

quired for management of the functions 5'thr0ugh 9 following.

Specification Control Officer

This position requires an expert in aerospace standards for semi-
conductor procurement as well as a wide knowledge of semlconductor

circuit app]lcatnons. The posntlon supervises a staff of technical
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.specification writers and associated clerical, editing, and pub-

lication assistance. The function contains all elements of WP 1210
and WP 1220 listed in Section‘II:A,'and is also responsible for WP

Task 1311 and assistance on 1313.

Should the program be subcontracfed, the Specification Control

Officer should be a member of the UHF Project Staff, with the tasks
of specification approval (WP Task 1212) and control of the Master
Parts List (WP Task 1214). |

Field Engineering Manager

This position requires a senior engineer familiar with a wide range

~of semiconductor manufacturing techniques. His responsibilities

include the coordination and cross-po]]inatibn of a staff of Field

Project Engineers, below.

. Field Project Engineer

One of the most important positions-of the semiconductor procure-

ment- group because of theghigh-1evelfof'professional, technological

~and field operations skills required. ‘This function carries out

all the tasks in WP 1410, WP Task 1422 and 1424, and requires an

engineer/scientist with detailed knoWled§é~of semiconductor physfcs,

"manufacturing techniques, circuit applications and aerospace manu-

facturing standards.

In the concept of dividing contractor-government agency functions,
if these positions are filled by a contractor, the government
agency should retain one inspector for spot checks of vendor assembly

lines, and consultation with the contractor's Field Project Engineers.

HITECH -CANADA  LIMITED
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Test Laboratory Supervisor

This function is responsible for all tasks in WP 1510 and WP 1520."
The supervisor should be an engineer with extensive knowledge of
inspection and testing techniques to éerospace standards. His

function is to route samples and failed devices through the test

facility and determine the'type and order of testing on each device.

He will coordinate the data gathered during testing and.produce
reports for the Parts Review Board. -Suﬁport needed by the Test
Laboratory Supervisor include senior electrical and meChanicaP
technicians, engineer/scientist specialists in SEM analysis, semi-
conductor ph&sics, and associafed technology. This capability
presght]y exists at CRC and could be utilized as such.by the‘UHF
Satellite Project; however, if these functions are contraéted out,.
access to the body of knowledge and scientific staff of the Failure
Analysis Section of CRC must be avai]ab}elto‘the contractor. The
full-time employmént of suchﬁspecié1ized‘technoiogy is not cost-

. effective.

. . Stores Inspector

This function is a key cohtrol_poiﬁt in the flow of semiconductors

- from the vendor to the contractor end user. It is responsible for

all elements of WP 1530, and requires a senior engineer for analysig

of device screening data (read-and-record, and X-ray) and selection
of optimum devices based on this analysis and the results of final
pre-shipping inspection. The senior eﬁgineer alsé.confirms the
necessary technical information for the Certificate of Comp]iénce
‘under WP Task 1625. - |
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11.

12.
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An assembly line inspector for external visual inspection is

required for accomplishment of WP-Task 1532.

Although the Bonded Stores Inspector(s) report operationajly to
the Schédu]e and Status Controller, theyAare.functionally under
the control of the Production/Quality Control Manager: to prevent
schedule demands from diluting the effectiveness of this final pre-

shipping inspection.

Schedule & Status Controller

The Schedule and Status Controller is the key operational manager
of the ongoing procurement and delivery operations. This position
requires a technical manager knowledgeable of Project activities:
and objectives, considerable depth in state-of-the-art production
control techniques, and familiarity With procurement. and store-

keeping activities.

This position is directly responsible for all tasks in WP 1130
and 1140, assisted by the Vendor Expeditor and the Parts Control
Clerk. E

Vendor Expeditor

The Vendor Expeditor requires'skill and familiarity with expediting
delivery from vendors, coupled with a knowledge of semiconductor
manufacturing and Project schedule requirements. - Responsible for
WP Tasks 1134, 1135, 1423, and assistance in 1421 and 1424,

Parts Control Clerk

This position requires a technical clerk familiar with on-line’

manipulation of a computer data base, technical typing and filing,

-"and travel arrangements. Responsible for all elements of WP 1140.

~
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- 21.-

Contracting Officer

- An experienced purchasing agent with knowledge andiexperience in

the semiconductor industry is required for this position. This

‘responsibility should definitély be subcontracted for maximum

flexibility in procurement activities. Control can be_exercised
by government agency audit and overall budgetary control. This
position carries out all tasks in WP 1320 plus WP Tasks 1312 and
1313. '

Stores Manager

. An experienced manager of secure, bonded storage of delicate in-

‘struments and devices is required for this position.  Extensive

knowledge>of record keeping, packing and shipping proceduresuis
required as well as familiarity with customs clearance'procedures;
This position oversees the réquired number of couriers and store-

keepers and carries out all tasks in‘WP'svlélo, 1620, and 1630.

This foregoing_section of the ManagementfPlan.Has shown the:recommended

Organization Structure for the UHF Project parts”procurement'brogram;

1t has also idehtified and described3the~r¢squrces.necessary'to fill

the positions in the Organization Structuré."Finally; by a system of

coded cross-references, it has indicated the"kesponsibility for all.

WP Tasks identified in Section II A, WORK BREAKDOWN STRUCTURE.

The final section of the Mahagement3Plan shows, by various management .

systems and procedures, how the work is to be accomplished;

HITECH CANADA LIMITED
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Systems and Procedures

As stated.abOVe, the ''what'' and ''who'' of the parts procurément
program have been identified. 'How! the work will be done is

described below by:

- an overall flow-chart showing the relationship of all major

tasks
= the description of a Management Information System including
computerized printouts, a documentation tree, and suggested

sample forms and charts

- a list.of recommended management instructions for communicating

procedural rules.
1. Flow Chart

Figure 3 is.a flow chart.showing each step in the procurement

and evaluation cycle, from conteptua1_design,}thrdhgh manufacéture

" and testing, to final inspection ahd*shipment'to the hardware

subcontractors.

The flow chart omits certain off-line functions and internal

loops, and some detailed technicalfsteps}'however, all phases‘-

necessary for identification of control functions have been

presented.

An understanding and app]itation.of_the_flow chart requires

the knowledge of what unit is flowing through-the:process.

For a project such as .the UHF satellite, the unit being ""tracked"

or controlled by the process flow must be the ''device-iMU'", .

which is the number of a given device type required at a certain

time for a particular assembly.
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To illustrate, consider an example in which a total of 40

- ot a certain hybrfd microcircuit (device) is.required in five
different assemblies (IMU's). These assemblies are subcontracted
to three of the Project subcontractors. All IMU's-have‘different
assembly sequences, and the required delivery date for the

hybrids for each IMU varies from two weeks to several months.

Given enough lead time, the procuriné agency would take delivery
on all 4o devices, analyze the data, select the best eight for
each application, and deliver them in three shipments to the

three subcontractors.

The most likely occurrence, however, is that the manufacturing
cycle of the devices will introduce negative slack in the
critical paths of several of the IMU's. Additionally,'they will
typically be completed by the vendor in several separate lots.
Consequently the procuring agency is forced 'to take dellvery of
the devices as they become available, and deliver them to the

most urgent need, as determined by overall Project priorities.

The above example requires that the unlt belng controlled is
the deV|ce-IMU which results in five separate lots of elght
devices each. As one can.readily see, the problem of controll-
ing the flow of thousands of these device-IMU units defies

traditional methods.

The entire thrust of the Management Plan, and, in particular,
the systems and proceduresdeseribed in this section, are7

designed to effectively manage this complex procurement process.
Another major point of elaboration required for the process

shown in the flow'chart'cencerns;the'off-line activity beginning

at step 14, This activity marks the introduction of an alternate
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' o | . ' procurement cycle to that. shown on the main line of the chart.
This main line contains all the steps of controlled fabrication.
_from.wafer selection through encapsulation described in.the

previously referenced technical paper. The aiternatefgycle,

{f:g‘ ) however, uses an independent testing laboratory to purchase
B - off-the-shelf parts to the highest level of reliability avail-
able, and then screens these devices through the same rigid

o processes as shown by the main line.

Several factors contribute to the decision to use this alternate
cycle: short lead times may preclude starting a new batch '
of required devices;'manufacturers may be reluctant to parti-
cipate in the contro]led ménufacture process; small numbers

of parts may make the cost of a controlled line prohibitive.

The extent to which the UHF Satellite chooses. either pafh
depends on the cost-time-reliability tradeoffs for each device

type and source. The CTS Project procured roughly half of

its devices (mostly diodes and simple transistoré) through this

alternate cycle.

Other elements of the F]dw chart are adequately described in
the preceding WBS section and in the systems and prbtedures

following.

2. Management Information System

The term Management InformationAsystem (MIS):is used here.

to describe the computer daté.base, various printouts, control"
documents, and selected forms and charts used to report and
control the status of system flow. The MIS, its outputs, and
other management documents are shown on the Documentation Tree,
Figure 4, and are described below. Several sample forms: are

included in Appendix A.
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The computer .data base requires the following information:

- device type (usually JEDEC code; e.g. IN5811)
- part number

= vendor

- total quantity ordered

- expected delivery date from vendor

- {MU's requiring part

= number per IMU

- IMU required assembly date

Manipulation of the computer data base along various ''sorts'

- provides the fol]owing printouts. used as indicated:

CONSECUTIVE TYPE SORT - the controlled master printout upon
which current changes are made by the Schedqle‘and“Status"
Controller, and then used by the Parts Control Clerk to

update the computer data base.

MU SORT - used to provide information to the subsystem

engineers about the status of their deliveries. This sort: -

shows the number, type, need date, delivery‘date and “slack“

for all devices in each IMU. Also used to provide déta:for

exception reporting by subsystem.

VENDOR SORT - the same fnformation'as above but scrted by
vendor rather than IMU. 1t is used by the Field Project
Engineers as well as the Contracting Officer to provide:

current status by supplier.
NEGATIVE SLACK SORT = this sort provides an overview of

""negative slack'' for each . device-IMU and is used as a

management exception reporting tool.
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CONSECUTIVE NEED DATE - this sort shows each.dévice type

~rank-ordered by its most critical need time and is used to

predict shipment demands on the system.

CONSECUTIVE DELIVERY DATE - this sort shows each device
type-rank ordered by consecutive expected delivery date
and is used to predict demands on device pickups for the

group.

The last two sorts are used to produce a Histogram of
inputs and outputs of the overall system flow for balancing
work loads within the system and to provide upper management

with a macroview of expected results.

Vendor Logs -

‘These logs are records kept by thé»Vendor Expeditor and the-

Field Project Engineers of communications with each vendor

~ on the status of production for each_offhisvdevice types.
The logs are used as regular inputs to the data base update

and provide an'informal record of changes in vendor commi t=

ment, as well as a~regu1éf-to§1 for posting field inspections

and device pickups. "

Master Parts Confrol Chart

This chart is used by the Schedule and Status Controller

to show the number 6Fjdevices,-by-type, contracted for,
required by each contractor, received, inspected (rejected,
held, or placed in Bonded Stores) and delivered: It is an
instantaneous reference’ to the status of éommitment to each

contractor.
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Contractor Purchase Orders

These are controlled documents, in that they are the
official requisitions by the contractors on the government '
agency for quantities of each device type. Once accebted,
they represent ‘a commitment to deliver by the government
agency. No changes to these dbcﬁMents are permitted

unless approved by the Parts Review Board and concurred

in by the contracting authority (DSS).

Master Parts List Specification

An internal specification used to consolidaté the require-
ments by the contractors. for -parts. - A controlled document

which is changed only as a result of the above: approved actlon

Procurement Specifications'

These are the technlcal specifications which contain perfor—
mance data, packaglng requirements, lead formlng specificat-

fons, manufacturing standards,_and 'screening ‘and inspection

requirements. They are generated from contractor performance .

speci fications and aerospace'manufécturingsstaﬁdardé‘mentionedﬁf'

earlier. Together with the contracts described below, they
represent the official requirements on the semiconductor

suppliers, and are controlled documents. -

Contracts

These are the purchase orders placed on the suppliers which -
contain the device type(s), part number(s), delivery date(s),
price(s), and associated contract:boi]er p]ate; ;THey,are'

controlled documents used in the standard fashion by the

government procurement agency-(DSS), or as recommended earlier, =

its delegated procurement agency. .
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Part Number Cross Reference Matrix

This is an internal docuﬁent containing the generic‘type,
JEDEC code, Master Parts List Part Number, and Manufacturer's
Part Number for each type of device beihg procured. Tﬁis

is an essential tool ‘used in:stores management for positivé

identification of each device tybe.

Device Data Package

This is the package of test data (environmental tests, read-
and-record, X-rays, etc.) whfch is delivered by tHe.vendor
with each lot of each device type. It'is‘used by the Stores
Inspector to analyze and select, by serial number, each

device for shipment to the contractor. -

Stores Documentation.

This is"the body of standard storekeeping documents (receiving

reports, packing slips, issue vouchers, stock record cards) -

used to record the input, status, and output of all Bonded

- Stores . transactions:

Inspection Records

These are internal records which become part of the Data
Package after complétién‘by tHe*Stores-Iﬁspécfbr. They
contain the results of analysis and external visual inspection
on each device type by serial number, énd-show thé‘Finai ' ‘

disposition to.Bonded Stores, quarantine, or reject. "

Certificates of:ComplianceT-

These are certificates issued by the Stores Manager and

Inspector with each shipméntftb'fhe contractor, summarizing
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the condition-of all devices'in the'shipment.[ The Certi-
ficates are used to satisfy contractor Quality Assurance of

the flight standards of each device supplied to him." -

The above list describes the key documents necessary to provide
system control, operational status,'technicél performance'standards,
contractual compliance, traceability, and, if properly ueed and-
filed, a comprehensive history of each device from design through

final delivery and acceptance by the contractor.

Recommended Procedure List

A parts procurement program is a short-lived (6-18 months) part

of a satellite project, with a large number of-égencieseand .
specialists brought together:in'multiplevfnterfaces for ad hoe
periode. The progrém also has a SUbstantial impact on the prOJect
which overreaches its size and tenure. For: these reasons,_a

body of specuallzed lnstructlons is requnred to help the group .
carry out its tasks with a mlnlmum of problems.A A l:st of these |

instructions is lncluded as a guldellne. ‘Actual |nstruct|onsi~.'

 would vary w1th the flnal organlzat|0n selected and resources

assigned.

The suggested lnstructlons are llsted be]ow wuth no special

emphasis on orderlng

a) an overall Work Breakdown Sfrucfure,'inclpding all tasks

to the lowest level possible

" b)  an Organization Chart, clearly assigning responsibilities

for each Work. Package Task,‘and including staff and support

agency functions.
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a statement of the Parts Review Board charter, makeup,

and authority

policy statements regarding system priorities, particularly:.
in the use of scarce resources, and the necessary schedule --
reliability tradeoffs, such as alternate procurement cycles

or sources.
procedures for processing samples through the test labor-
atory, inc1ﬁding the rapid feedback of analyses and failure

reports to the Parts Review Board

establishment of the use of blanket purchasing authority

for rapid turnaround, including appropriate restraints

assignment of Official Points of Contact for vendors and

- contractors to maintain control over external interfaces

,correspondence control and establishment andiuse of special

flles, control on the ofF|C|al use of telephones, te]exes

: and other means.of communlcatlon

establishment of blanket customs clearance authority, and.

special handling and paokaging procedures, particularly

instructions on its use : . : o
for delicate devices or those with special sensitivities
|
\

lnspect:on standards and procedures for- Fleld PrOJect

Englneers and Stores Inspectors

specialized forms, procedures, and facilities for stores

management

procedures for preparation; purpose, and control of all

key documents : _ Co
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n) requirements, content and routing!of status and exception
reports
o) vendor expediting, tracking instructions
p) method for rapid referral and resolution of problems

Special Problems

While not an fnfegral part of the design of a theoretical
management system, the anticipation of problems is often the
key to survival in a rapidly changing environment.. For this
reason, it seems appropriate to mention some of the problems
drawn from the exper;ences of a similar organlzatlon. A‘]iSt
of several problems which the CTS Parts ‘Procurement Group faced |

and dealt W|th are lncluded in Appendlx B.

y -
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TIT  SUMMARY AND CONCLUSIONS

A. Summary

Section I:of this Management Plan contains a list of advantages -
~ and disadvantages of a proposed procurement plan for high relia-

bility semiconductors.

It seems clear in review, from the benefit of CTS experience, that

the advantages far outweigh the disadvantages. Specifically:

= The ability to marshall the resources necessary to guarantee

‘ maximum reliability of the F]lght semlconductors ina schedule
and cost- eFFectlve fashion is best accomp1ished under a cen- .
tralized, government-managed organlzatlon.

= Most of the inherent disadvantagesaof the~governmeht mahaged
concept can be e]nmnnated or minimized by careful appllcatlon .
of the management system. descrlbed in this P]an..s '

Key elements of the Management Plan aré'SUmmarized below:

= a systematic breakdown of the'work to be accomplished

= . the careful selection of personnel assigned to the recommended

Organization Structure .
= - the clear and unambiguous assignment of responsibilities

- the melding of ‘technical and managerial expertise in a mechanism

such as the Parts Review Board.
= the separatlon of Quallty Control funct;ons from operational

process¢ng ‘to malntaln the proper ba]ance between schedu]e and

quality demands
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the early analysis and selection of components for maximum:]ead

time

- the careful use of controlled technical and managerial docu- . -

mentation

the use of established aerospace standards of manufacture for

quality control
the rapid feedback and resolution cf problems

the delegatuon of purchasnng authorlty for maximum F]exlblllty

and rapld response ‘to changing technlcal reqU|rements and

conditions

the careful collectlon of records and flles For ease. of access

during subsequent troubleshootlng

‘dogged persistence in the acceptance and dlscharge of respons:-A

bility by all members ‘of -the team

:Most‘important]y, support'is'reqnired'ftothhe\highest*]evel of

Project management because oF,the~pribtfty demands;enuPtoject're--
sources. In addition, immediate response fn dea]ing with external
~agencies at hlghest levels is an. |nd|spensab1e contrlbutlon of. PrOJect

management

Recommendations

Based on the success of the CTS Project, it is recommended that
theUHF Satellite Project adapt-a s?mi]ar‘program'fof'the procurement .
of the required flight Semlconductors, and supply them as GFE to

their hardware contractors.
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~The program described in this Management Plan is an.iMprbved,version

- of that used on CTS, and with its -intelligent app]féation, has a

very high probability of success.

The preciée method of implementing the Plaﬁ by the-UHF Satellite
"~ Project depends on a number of factors yet unresolved, but the broad
scope of this Plan will suppoft a successful implementation which- 

ever alternative is selected.
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. COmmunlcatlons Centre de recherches : . .
\ Research Centre  surles commumcauons

'GFE SEMICONDUCTOR bEVICE”RELIABiLiTY‘éEkTIFIcATION

REFERENCE:' SR 01/07, 08, 09 10 and Supporting Detailed Specifications. .

This is to certify that device type S " (serial numbers ;.

: iisted below) have met the high reliabllity requlrements of .the CTS Program.:
These requirements include: ‘ o C
- (a) . Product line. certified to. aerospace hlgh—rel standards, or
(b) lProcurement of highest level devices avallable and selection ;_ﬂ{ﬁ:' -
by stringent screening (CPL - equivalent), 1ncluding the
following: ’ '
Lot serialization for traceabllity,

Environmental testing;

Burn-in including read and record data,f

Radiographic inspection where applicable, };f7

Hermeticity tests’

Group B & C“inspections;

= Post-cap visual.

Data supporting the above screening and testing 1s_aVai1ab1e'in:*

CRC Flight Bonded Stores L1brary.~“,~”f

‘Exceptions to the above are:

" Serial No's.

© Certified by: _

-Date{:}

~

" CERTIFICATE OF COMPLIANCE (SAMPLE) -
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LIST OF TYPICAL PROBLEMS/SITUATIONS -
ENCOUNTERED BY A SATELLITE PROJECT .

Following is a list of possible problems similar toithose encountered by a .-

satellite projeCt'in undertaking a centralfied‘partsﬁprocurement‘program.*'-

The situations described are not an'official/record of - the program, but~the-' ;

subjective experience of a membercof its.parts‘procurement group.

They are presented here to he]p the UHF Satelllte ProJect avo|d or m|n|m|ze

1.

- the |mpact of similar prob]ems Wthh mlght ar|se

The. most important problem is the~short-lead time between crystallization

of equipment design and -the requlred delivery, dates for the components

: For protofllght assembly.  The effect of this short cycle can be m|n|- A

mized by early review and deslgn approval,tstandardlzatlon of parts,.

resistance. by the Deslgn Authorlty to overspeclflcatlon by the deslgner,x>;'

;_early coordination with the manufacturers, and a qulck response contractlng_

" ‘method.

Most lmportant to the so]utlon of management problems |s the support of
Project Management in d|rect|ng prlor|t|es and assugnlng scarce resources

The ability to short-c1rcunt tradltlona] recrultlng sources |s an allied .

and lmportant factor.

In addition to the thousands of'units (device-IHU's) being-tracked on a

day to-day basls, it must be". remembered that each devnce is: unlquely

" identified, by serial number, for traceablllty  The |mportance of adequate
" .recordkeeping of the movement and condltlon of each deVIce wuthout '

proliferating tons. of paperwork, cannot be- overemphaSIzed

Related to the above, the text has mentloned a cross-lndex of deVIce

" identification. A matrix- |s requlred to |dent|Fy each device - type by

JEDEC code, CRC" part number, manufacturer s part number, and speC|f|cat|on‘

number..
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The density of communications between. contractor and4Design'Authority

regarding changes to device numbers. and specxfucatlons is enormous in thef
early part of the procurement cycle. ‘Likewise, there are many changes to
the delivery commitments from the vendors throughout the program. The

impact of an improper, uncontrolled change can be- dlsastrous, and can

_obe eliminated or minimized by:

-~ identification of single official point(s) of contact wi th both con-

tractors and vendors, and an-enﬁorcedddiscipline recognizing these

- ‘rigid control of the Master Parts Llst,_all contracts, and procurement
specufucatlons, by. |n5|stence that all changes be “hard-copied' at

" some point

o= required approval of a quorum of thenParts Review Board for all changes.

to the above

=~ All official telexes, letters, other communicationsdsigned'off}by‘

‘the Parts Review Board

Supplying crltncal parts to one's own contractor often’ resu]ts |n a. role . .

reversal for the Design- Authorlty Th|s must be . mlttgated by |nststence

‘on mutual respect for each party's ro]e and .a great deal of tact and

‘diplomacy by the key members of the parts procurement~group The Jobs‘ '

of Vendor Expeditor and Schedule and Status Controiler, for examp]e, must

be filled by competent profess;ona]s.

One'potentiaI‘technfcal management prob]em'worth noting'involves the control

over materials used in the manufacture of hybrld mlcroclch|ts. "A]though

_contract boiler plate may requlre the use of high re]uablllty components,

Design Authorlty nnspectton of the hybrlds would not norma]]y begin until

.transistor chips were: mounted on the substrate._ Often the chips-.are “fllp”"“

mounted, and lnspectlon of them at th|s p0|nt is not fea51b1e.
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1.

The technical |ncon5|stency lntroduced by. th|s sltuatlon is that’ at the '

_orngnna] chlp manufacturer- (e g. Motoro]a,‘RCA) the Fleld Project

Engineers maintain rlgld quallty at pre-cap- lnspectlons of requlred -

" transistors and lntegrated circuits; however, the same type of ch|ps,a

" but a lower qua]nty, could be procured and ‘used by the hybrld manufacturer, ;:fﬁ'

and '"passed'' by the hybrld F|e1d PrOJect Englneer

Th|s problem can be avolded by Design. Authorlty |nslstence on hlgh

reliability procurement standards by the manufacturer, and pre mountlng

inspection by the Field Project Engineer. As a mlnlmum, al] ”fllp chlps

should be inspected prlor to mountlng, and to ‘the same rlgld standards

|mposed .on theé original manufacturer.

: 1t must be clear that the manipu]ation ofithe large masses of'data.in

the MIS can ltself create a. major . prob]em A suggested a|d here lS to have

an |ndependent technlcal edltor review- and “audlt” the data base per|od|—f»
cal]y, perhaps as often as every month in the early, more f]uld stages

of the program,

A 'most important and most difficu1t'position to fill, is that of Fleld
ProJect Engineer, who is a blend of dlplomat |nspector,_sc|entlst, and
production manager. Ear]y selectlon, tralnlng, ‘and contlnulng cross- ;f_

polllnatlon are necessary. to solve ‘this prob]em

Care must be taken.at each step in order that the adversary system de5|gned

by thlS Management Plan be ‘recognized and enforced Pressures to sacrl-"

f|ce reliability for schedule wxll build constant]y, and the confllcts'

. generated must be dealt with openly and flrmly.u

'Although seemlng]y a minor |tem, speed of response by al] partles concerned R

can be improved by some slmple too]s

.= the ‘use of teleconferencing for;troubleshooting; problem solving and;

followed by a quick“te}ex,iany change in specificatfons or contracts -
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2.

-1 type. . When a f|xed prlce contract is used there are tremendous confllcts

13

: This sounds obvious, but. |n many cases essentlal indications of size,

RV

15.

‘lf uslng ‘an |ndependent testlng laboratory as - a procurlng agency, ensure

- the elimination offdistrlbutors,'jobbers, field representativesVand
and .other ''middle men''. If it is not poss|ble to establish direct
contact with a responsible “proJect eng|neer” at. the plant, Flnd

another suppller.

= personal pickup and hand carry of all parts:to and fromithe‘suppliers/ .

contractors. Never hand flight devices over to a commercial carrier.
It is a most false concept of economy, for both schedule and security

reasons.

- the use of blanket customs clearance'authorlty for all parts crosslng
any borders. This can be obtained by |nter-agency agreement and is: '

an |nvaluable short. cut in the rttual at the border.“

_that ‘the contractual arrangement |s a “buy sell”, rather than f|xed prxce

of - 1nterest generated W|th|n the laboratory whlch IS, after all trylng

’,to make a proflt.A
‘Be certaln that all parameters for each deV|ce type are specufled clearly

'package, number of leads, lead.Formlng proflle, etc. can.be overlooked.

Essential‘to the‘proper operation of the groupVis the rapid alertlng of

the Parts ReV|ew Board to any malfunction in any part type slmllar to o

‘those belng procured F|rm reportlng channels must be set up W|th con-' _
: tractors, suppl|ers, ‘test laboratorles, other users (NASA DND, commerclal

' flrms) within the |ndustry

A_flnal~dlscusslon of-“peoble”.problems'ls<called for: the stresses on

“

an ad-hoc group under constant pressureswot-schedulefand'technical problems = -

Ifjreduced:byr

| HITECH CANADA LIMITED

is significant. The-stresses:cannot:be'elimlnated orbignored;hbut can be




. recruiting, rather'than~a$signing people to the team
instilling an elitist team spirit in the group

open recognition, discussion of éonflicts;-equal and fair support

to all members
reduction of anxiety by clear diredtiqniand.problem reSd]ution 3
- shifting of roles where possible to cross-train and breed understanding

" constant recognition by Project Managément of high performance'and

individual achievement.
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