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1.0 INTRODUCTION AND SUMMARY

This report summarizes the effort on Contract NAS 8-32607, which
involved determination of those factors affecting the cost of electronic sub-
systems utilizing LSI microcircuits, and development of the most efficient
methods for low-cost packaging of LSI devices as a function of density and
reliability,

This one-year program has been divided into three Tasks as follows:

>

TASK 1. Cost Factors Study

Perform a cost study to identify all the factors involved in packaged
electronic subsysterns as a function of density and reliability., The
study should encompass LSI devices packaged both by hybrid
technology and standard discrete packaging.

TASK 2. Studx Areas

Based on an analysis of the cost factors determined in Task 1, pro-
vide recommendations for study in the area(s) that show the most
promise for cost reductions in high density packaging.

TASK 3. Packaging Implementation

One specific high cost impact area in hybrid packaging has been LSI
chip testing and bonding. Beam—tape technology has been estab-
lished as a viable and cost saving technique for producing high-
volume discrete device packages. Many types of semi.conductors
are currently available on beam-tape and, with few exceptions,

most semiconductors can be adapted to beam-tape. It is required
during this study that a demonstration program be performed to
adapt LSI chips on bea m-tape for hybrid packaging.

Tasks I and II essentially have been combined to constitute the COST
FACTORS STUDY, which has been expanded at NASA request and by mutual

consent to include limited mathematical modeling. Both the cost factors
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and the mathematical modeling are intended ror usage as guidelines for the
preparation of mathematical pricing models suitable for compuler program-
ming. The combined Tasks I and Il previously have been published in the
Semi.Annual Report on this contract (Report No, P78-162, dated 10 March
1978). This information is repuated herein, after addition of minor correc-
tions, and expansion in several areas related to process yield.

Task LI, a Packaging Implementation program comprising demon-
stration and testing of tape chip carrier (TCC) processes, was initiated on
contract award, in parallel with Tasks I and II, This effort {reported herein)
has been completed essentially as proposed and reported during the program,
with demonstratable results in all areas except gang burn<in on tape.

Recommendations are included; both for future cost factors study

elforts, and tor further process refinement related to TCCG technology.,

ESLN )




2.0 TECHNICAL DISCUSSION

This combination stud)y/ development program comprises both the
identification of cost factors related to LSI/hybrid technology, and the demon-
stration of a partxcular packaging approach. tape chip carrier technology,
as applied to the adaptation of LSI c:lnps for hybrid packagmg ' :

The Program Schedule of Figure 2-1 includes the Sub-Tasks involved'-:-
in both the cost factors and the TCC packagmg implementation portions of
the program, As indicated in the Introduction and Summary Section, the
combined Tasks I/II have been modified somewhat by NASA/Hughes mutual
consent, ‘and this report includes results of the modified task.,. ' :

With respect to Task III, the effort has included TCG tape/wafer
proces s/ materials evaluation, inner-lead bondmg (IL.B) evaluatmn, outer-
lead bonding (OLB) evaluation, test sample fabrication, and environmental
testing/data analysis, Table 2-1 is a summary/breakdowna of Task III
subtasks, indicating qualitatively the degrec of progress achieved on each
of them, ' |

.+ 72,1 TASKS 1 AND-II . COST FACTORS STUDY -

To initiate the required cost factors study involving LSI devices

= packaged both by hybmd techuology and standard discrete parts assembly :

methods, a sur \rey questionnaire was formulated, and a proposed ma;hn@
list was prepared comprising approximately 100 selected LSI packaging
‘experts and hybrid microelectronics mianagers. When this was reviewed

by MSFC personnel, it was determined that interviews with cognizant.

' .. Hughes personnel, coupled with a literature survey, would be prefe: abh.,

and t:hat the resnltmg cost factors data would be more useful than an
mdustly-wlde survey in mal\mg ~n initial cost model which could be
‘programmed for coamputer input.

| ' 2-1
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TASK AND DESCRIPTION A s o N D J F I M

TASK 1-COST FACTORS STUDY

A. REVIEW DISCRETE PACKAGING 11—4 |

[} ¥ I
R S Ak At NG e |

1 i
D 3
C. DATA COMPILATION i
TASK 11 - STUDY AREAS
A. DATA REVIEW DR
8. RECOMMENDATIONS #
TASK 111 - PACKAGING IMPLEMENTATION

A. TAPE PROCESS/MATERIALS EVALUATION m
T

B. WAFER BUMP "ROCESS/MATERIALS EVALUATION

b
=
—
:
-
=

C. INNER LEAD BONDING EVALUATION

=1 i
| | | i ‘ 1 !
D. OUTER LEAD BONDING EVALUATION ! N . " ! .

T T 11 i I
E. TESTS SAMPLE FABRICATION . .
I LI I
F. SAMPLE TEST ] i
| | A
G. ENVIRONMENTAL TESTS ,‘ R S
| |
H. DATA SUMMARY/COST ANALYSIS —
TASK IV - DOCUMENTATIONM
i 1
A. MONTHLY REPORTS ’ , ?‘
B. SEMI ANNUAL REPORT
C. FINAL REPORT DRAFT i

Figure 2-1. Program schedule - NASA Contract No. NAS8-32607.




TABLE 2.1,

SUB-TASK BREAKDOWN

CONTRACT NO. NASS-32607, TASK 111

\mu‘ilNAL ‘C.‘\Q\“.. 1S
OF POOR QuU!

PACKAGING IMPLEMENTATION

12 AUGUST 1978

PLAN EXECUTE

A, TAPE PROCESS/MATERIALS EVALUATION  PERCENTAGE COMPLETION |35 50 76 100 | 25 40 75 100
A1 SELECT T2L (A), MOS (B), AND ECL (C) VEHICLES
A2 PREPARE TAPE WORKSHEETS (A), (B), (C)
A3 PROCURE MASKS (A), (B), (C) {
A4 ALIGN/EXPOSE/DEVELOP/ETCH TAPES (A), (B), (C) 1
AB FABRICATE UP TO 100 EACH TAPE POSITIONS (A), (B), (C) 7
AB PLATE/PUNCH-OUT PLATING LINKS _
(FOR GOLD PLATING, PLATE PRIOR TO PUNCH-OUT)
B. WAFER BUMP PROCESS/MATERIALS EVALUATION
B.1 DEMONSTRATE WAFER DC CHARACTERIZATION (B) ONLY
B2 DEMONSTRATE WAFER BUMPING (A), (B), (C) (W-Ti/Au) -
B.3 DEMONSTRATE WAFER RE-CHARACTERIZATION (B) ONLY
8.4 DEMONSTRATE SHEAR TEST (A), (B), (C) (SAMPLE BASIS)
C. INNER-LEAD BONDING EVALUATION
C.} PROCURE IL8 COLLETS (THERMODES AS REQUIRED)
€2 MOUNT AND SAW WAFERS (A), (B), ()
C3 DEMONSYRATE ILB (A), (B), (C)
(APPROXIMATELY 40 TAPE POSITIONS EACH)
C4 CHECK-OUTPULL-STRENGTH
(EXCISE SAMPLES AND DESTRUCTIVE-TEST)
F.__ SAMPLE TEST/BURN-IN STUDY
F.1  DEMONSTRATE GANG BURN-IN (A) ONLY l
(CONTROL SAMPLE NOT BURNED-IN)
F.2 PROCURE CUSTOM TAPE PROBER { (B) AND (C) ) =
F.3 DEMONSTRATE FUNCTIONAL TESTING ON TAPE (A) AND (8)
{CONTROL SAMPLE NOT FUNCTIONALLY TESTED)
E. TEST NETWORK FABRICATION
E.1 FABRICATE TEST NETWORKS FROM EXISTING SCREENS (A) ONLY
(10 FRITTED PD-Ag, 10 MIXED-PHASE GOLD; 16 CHIP POSITIONS
PER NETWORK)
E2 PROCURE 10 CUSTOM HERMETIC CHIP CARRIERS (HCC's FROM
EXISTING HUGHES STOCK (8) ONLY (W-Ni-Au)
D.  OUTER-LEAD BONDING EVALUATION
D1 DEMONSTRATE OLB USING EXISTING TOOLING {A) ONLY |
(40 CHIPS GOLD/GOLD: TC BOND TO MIXED-PHASE Au AND Pd-Ag
D2 DEMONSTRATE OLB TO 10 HCC's (C) ONLY (GOLD/GOLD)
D.3 CHECK-OUT PULL STRENGTH {SAMPLE BASIS,
RESTRUCTIVE TEST)
D4 DEMONSTRATE NON-DESTRUCTIVE PULL-TEST PR
G.__ENVIRONMENTAL TEST
G\ PREPARE TWO EACH TEST NETWORKS (A} (Pd-Ag AND Au) AND
THEIR CLB CHIPS FOR ENVIRONMENTAL TESTS BY SCRIBING/
BREAKING SUBSTRATES. AND THEN MOUNTING THEM INTO :~
STANDARD PLATFORM-TYPE SEALABLE METAL PACKAGES
G2 PREPARE 10 HCC's (C), SEALING 7 UNITS [
G.3 CONDUCT HIGH TEMPERATURE STORAGE TEST PER MIL-STD-883
METHOD 1008.1, CONDITION C (150°) (A} ONLY
GA CONDUCT YMERMAL CYCLING TESTS PER MIL-STD-883, METHOD 1008.1
CONDITION 8 {A) ONLY INCLUDE UNSEALED CONTROL SAMPLES
G5 REPEAT PULL TESTING ON A SAMPLE BASIS
G6 CONDUCT 85 85 MOISTURE RESISTANCE TEST (A) ONLY

(NCLUDE UNSEALED CONTROL SAMPLES)

H. DATA SUMMARY/COST ANALYSIS

H. 1 CONSOULIDATE AND EVALUATE DATA

H.2 PUBLISH DATA




C.-st Factors Data Search

Table 2-2 summarizes the computenzed cost factura data search
from which the most promising abstracts were selected. Abstracted data in
‘the form of table, graphs, and key sentences were clipped from the 225
feviewed reference articles and organized in the form of a data summary,
In additlon, a brwf search of the microelectronics techmcal hterature

resulted in several other articles of mterest

In-.Hogse Cost Factors Data Search

Four Hughes £act11t:es were surveyed through personal interviews with
pertment people in the pricing, estimating, and plannmg areas, These sites
- include both prototype and productior areas, Most Hughes electruhibs sub-
‘systems are intended for military systems, mcludmg avionics, missiles,

‘and ground systems appl!catlons

Task Re-Direction

In November 1977, Tasks 1, 1I were expanded to include mathematical
modelmg information Whlch will be more directly applicable to the desired

computer proy.,ramn'nng. The distribution between cost faciors data and the

"TABLE 2-2, COMPUTERIZED COST FA-CTORS DATA C L-ASSIF.‘.ICA TION

. General stcerllaneous observations and data about the impact
ef LSI davice manufacturing tachnniogy on the eluc-
tronies industry, . o

2, Specific Cost comparison data of circuits employing LSI
- devices, Representative factors found to be related

. to dullar figures include: chip density, chip aren,

" memory chip capaclty gate density, mtel‘connectmn
types, density, ceramic vs, epoxy boards, packaging
methodclogy, and cost trade-offs pertaining to systems
within which L5Is could be or have been used,

3.  Cost Projections . Invelving electronic systems using LSI devices, plus
- : similar projections related to the LSI devices
theimselves.

4, . Cost Models ... . Two models were found in the references,

2-4



'méthemgtical models, as accomplished during this combined Task, is
summarized in Table 2.3,

2.1.1 Coét Factors

The printed wu"ag board (PWB) cost factors listed in the followiag
k dmcussmn were collected by interviews with engineering, estimating, and
planning peraonnel at four different Hughes locations, These areas have
years of expenence in both prototype and production fabrication and assembly
of PWBs for missile systems, airborne radar systems, ground systems,
space systems, and other military applications,

. Cost factors can be broadly categorized into many basic divisions,
including areas such as indirect/direct, recurring/nonrecurring, and manu-
facturing, 'engineering. For purposes of tlus study, the cost factors have

been dw:ded into three classifications:

e Nonrecurring cost factors

e Manufacturing cost factors

e Production support cost factors

‘A listing of the miajor cost factors in the basic PWE areas (Fa‘bfica -
tion and Assembly) has been prepared for each of these three classifications,

giving a total tabulation of the following six separate cost factor listings:
1, Nonrecurring Cost Factors Associated with PWR Fabrication

TABLE 2-3, TASK I/II DISTRIBUTION BETWEEN COST FACTORS
| ~ DATA AND MATHEMATICAL MODE LING

Standard Discrete

Hybrid Technology Puckaning
Cost Factors Data - PWEB 'Technology
- Mathematical Modeling Thin,Thick Films -
Examples: " .. A, Tape Chip Carrier
: Usage

B, LSl Usape
C. Wafer Bumping

B




2. Manuféetufih-g Ce:st Factors Associated with PWB Fab't‘-icati.(m

3. Production Support Cost Factors Associated with PWB -
Fabru_atwn

4, 'Vonrecurrmg Cost Factors Aasouated with PWB Assembly

5. Manufacturing Cost Factors Associated with PWB ‘Assembly

_ 6,.  Production S\_;pport Cost Factors Asapc'ia_teé-with_.PWB Assembly

Both Production Support and Manu-facturing cost factors normally are
“recurring, ' Basic administrative costs may or may not be charged directly
toa program Usually such costs are a part of the company 8 general
| admmlstratwe and overhead expenses, Specific program management costs
incurred by direct labor personnel however, would be a significant recurring
cost factor and as such, should be accounted for in ariy mathematical mode].
~for pricing. The time of a 3hop supervisor or foreman would he an example
of a direct admlnlstratwe cost, Admmlstratwe costs can mdn‘ect]y affect

the total pricing picture if they appear as a part of the burdened labor rate,

No-nxjecu'rri_ng Cost Fa.cto.rs-Asseciated with PWB Faibr‘i-gati..dn

Table 2-4 is a listing of the primary nonrecurring cost Vfactors
associated with the fabrication of PWBs, Several of these factors will be
ef_f'ected if the task is done automatically, such as with the aid of an auto-
mated desu.,n fac:hty. For exa'm_‘ple, a ma_nua.l PWB layout can he digi_ti'/._ed,
resulting in: T S R
A set of 1:1 masters

: A drild tape for numencally Lontrolled hole drilling
. A testmg program

B W N e

. A set. of. released drawings

Certam uf these nonrecurring costs are dependent on the <on1pl<.mty

of PWB deslgn (e. B s number of conductnr lines, number of layers, or gard

e densxtyj Using computer -aided design for exarnple, it may cost $aso ner

layer to produce reduced masters for a low density PWB and $350 per layer
for a high denmty PWB, In add:tlon, a highly complex board will. requlre
‘conSLderany more eng,meermg desq.,n time I:han will a sunple hoard, By _
using an Interactwe Gra.phlc System, the time spent for engmeermp des;gn ’

" can.be reduced



e w'anmfasa. PRIMARY NONRECURRING COST mc:*rons
T ASSOCIATED WITH FWEe g

oy _Engineering dulgn. tnel\\ama dnign reviews and ruduim\n.
~ 2y  Speelal fixtures and hard teoling, N '

3 Imphmnnhtlen l\\ppwt, aaeh as engmewmg labor npem h\ ultinn wp cennm
procednee, _

A a.nwmm Bl miﬁttﬁ-ai.

8, - DNR ‘rape‘ |

_l;.‘ Cemputel\ pregrnm tm M\tamatie hmehaamd tentlm;‘ y
7 Inttial phmninu. o '

¥, PWB laye\\t. '

9, 'anamtim\ of any nae&uaw apwtl‘icatiunn. o

M&n\xl‘act\:ring Cout Fanmru Aawelated with PWB F&brlcaﬂw
A liaﬁng of the fifteen majar manufacmrmg mst factors involvad in

" the fabrication of printed wirmg boards is whovn in Table 2-5, In some

faemtiea, quality centrol (QC), inspection, and testing cost factors ave

- compiled separately, rather than being ineluded as part of manufacturing -

_costs, Testing and Q€ aleo could be considered as a part of Production _
Support. Antamation primarily entera the ptctnre tn hole drimng and tnting. __

Pmd\letim\ Suppnrt ﬁcat Faamra Asmeiated with PWI% F‘abriaaﬁon

The two mmt impnrtam pmductim; support e.mt factors are;

sateh, This could be about 15 percent ef
ey the planning, labor, and paperwork
- .necessary to move PWhs between the various work utationm

- 2 ‘Suutal.ni en"!merin | 8y »t)l't Tlxis lmh\dea proceas engineérn

Cooxdmattan anddh

: "i“ﬁﬁiﬁ"ﬁﬁ'ﬁriﬁg' Goat Factors Aﬁaéiﬁtea:wmﬁ PWB Asauﬁbly “

Table 2+6 ia a listing of the primary nanreeurring cont hctﬁn B

. _.unocimd with PWB auembly. S

2'-"} .



TABLE 2-5 MA.I OR MANUFACTURING COST FACTORS INVOLVED .
. IN FABRICATION OF PWBa c -

LA

1. Number of holes, B e SR
2. Number a! ditferent hol.c sizcs (l. e,, numbar of drill changes). ‘

3. Mltlrlal coltl (e. - typa of PWB material and/or hardware), plul an
- attrition factor,

- 4, Size of the board, This is relavant in that it governs the number of smaller
.. PWBs which siniultaneously can be made Irom a larger standard panel |im
U de.g., 9 x 12%, 9 x 18%, 12" x 18"),
. _Quantity of PWBs in the lot,
o Whethv..-rz-. t!ié PWE is two- aided or multilayer (and the number of layera). , o
. ',Yleld or. lcrap factor A t]rpi.cal yield might be from 80 to 90 percent,

. Complexity factor, This factor normally is related to the number of holes, -
line wi‘dthl, ‘pad sizes, Iina spacings, and hole sizes, .

9. Aul:omahc or scope drilling of holes (if no- numerically-cum“uned drill tape
is available) o

!ﬁ. Type of electroplatmg (e. g. ’ gold, solder, tln)
11, - Rewnrk factor.

12, . Inspsction and quality control cost factors, Theé_e_fadtors]ééh—ld be up to
10/20 percent of the total unit cost, :

13, Automatic or manual electrical testing of the PWB,
14, Copper thickness (e.g., 1 6%, .2 oz). '

15,  Any special features, such as apecia’ :..arkings, special lmrdware'installation, -
: or special machining of the PWB,

28



TABLE 2-6 PRIMARY NONRECURRING COST FACTORS ASSOCIATED
©- .. WITH PWB ASSEMBLY

7 1. nngm'.mi 'dni'an. ineluding én'lgh ihvlcwa and ridu'igm.' B
2 —hyont of the PWB n“mbly and preparation of & comphtn drawing package, |
This layout may be cemputert“d to some degru by uning an lntnractlvu
Graphlcu Syatem, - _ '
), lnltlal planning, _ _ ‘
-~ 4, Design and hbricnﬂon ot any apeeial ﬂxt\wu, tooling, and anembly aidu

5. ' Pnpn +ation of any neuuary tnt apecmcatiom, prncen imtrnctiona, and '
material specifications,

& Implementation support, . .

In nihny‘é:&au,’ﬁm.'eng'i.n.eefihg éen-ign/laiout of the PWB for
fabrication and the- prep&"o\tion of PWB auumbly drawings are accompl.ilhed

R ©' conjunetion yﬁh one another, and are priced as an overall drawing package,

For purposes’of a rmoathematical model, it primarily is necessary to know
that theso cost factors exilt and they they camprise a relatively llrge part
“of tho mnrecurring costa,

B - A listing of the seventeen major manufncmring”eoat factors involved
. in the assembly of PWBs ia included in Table 2-7. Many of these could be
" Jumped togethar for convenience aa@ a “manu!acturing technique'' cost kctor.

- Such mmufacturing tachniques can include component parts preparation,

c_.qmpomnt parts insertion, soldering/coating methods, hardware inatalla-
tion, axid minlcellmeoua cost factors, Automntic or semi-automatic machinery
normally is used for oparationn such as component lead preparation, ‘component
' imertion, flow -soldering, reflow soldering, and coating. If quantities are

i asmall, it may not pay to antomate to any great extent, o



TABLE 2 7 M.AJ' QR. MANUFACTURING CQST FACTORS I.NVOLVED

IN PWB ASSEMBLY

L B

1e.

11.
. component part can be Inserted automatically or semi-automaticaily, Most DIPs,

12,

13,

14,

- parts (or total nurml]

Q\untity ot PWBs to bc nnmblcd

Mnterial and parts costs, plus an attrition allowance. This weuld include costs
' components (e, g, , resistors, SICs) and hardware. The reliability level ~

of the: design can affect costs onlideubly, nlnee higher levnll mean increased
""colh for. pl!tl lnd mtcri s, :

_ {. olt In : . . —
Amnggt og rewo. from both nuembly and electrical telt operatinnl. '

Com nent nrtl re nrtti.on. This may be dona manually or automatlcally,
_na Eeluain dp.uﬂom lucft' as lend .forming and tlnuing. L o

Parts com' lexity cost factor. Thil usually ia based on the mxmber of component
er ol leads) and the parts count pey unit PWB area,

Standardization, This coet factor can affect both assembly time and the initial

- costof parts, since standard off-the- lhelf parts cost leas than do cual:om parta,

Packe ing concept cost factor, As an example of thu cost factor, cons ider a

) gn where the engineer has the option of using either DIPs or t’latpacks.
DIP- are cheaper, do not-require lead forming, and can be ﬂow -soldercd

i Flatpaekl do not require board holea. however. ‘

TeatanL Cost fantor, This mcludea electrical !unctxonal testing, plus any

environmental testing required, In many facilities, testing also includes the .

. 'troubleahoutmg time which goes along with rework, . The more complex the )
“chreuit, the more it costs to. teat that circuit, Automated tedt programs can be -
a b\g cost saver.

Reltability or qnality cont factor, V'fhie factor e:ther dlrectly or mdtrectly a.fiects

many of the others, The reliability level can affect the cost of parts, rework,

inspection time, testing costs and others, A higher reliability 1eve1 could ihcrease

manufacturlng costs by 50 to 100 percent

Component Insertxon Cost Factor, This factor dependn on whether the parttcular

-flatpackn, and axial lead patts can be. automatically aasemhled to the PWB,

Soldering method cost factor. The pricing ftgure will vary, ﬁepending upon
whether the PWBH 18 flow-8oldered, reflow-soldered, hand-soldered, or welded

" Both ﬂow-soldcring and reﬂow so!,.serms can be done automnt\cal!.y.,

I'Coatlnﬁ cost factor. This factnr is concerned vnth whether the PWEB is conformally

“coated, parylene coated,  foamed, encapsulated, or otherwise protected by some
- .coating, Operatinns aueh as masking, unmaeking, cleamng, and touch-up, ai! of
* which are related to coating, are; inciuded A . A

Hardware installation cost factor. This factor aomehmes may be included under
Fabrication costs rather than Manufacturing cogts, It includes those additional
costs caused: by the use of special heat sinks, connectors, 1ugs, terminals, and

s rivets which must be instaued on the PWB

15,

R
e

Set-up cost factor. This includes the Xabor necesaary for setting up certain
operations in readiness for a production run,

lnlpection and qualtty control nolt factors

Mucellanenus cost factors, such as spec:al markmgs, special wire types and

special wire color codings.
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Production Support Cost Factors Asscociated with PWB Assembly

Table 2-8 is a listing of the most important production suppo rt cost
f;ctqrs.aimcimted with PWB assembly, Many of theae factors (such as
Nambers 3 through 10) may not necessarily be applied directly to a partienlar
' PWB'desigﬁ, but instead may be part of an overall cost which is chargeable
to a complete program, Sonmw PWB assembly facilitieas may congidor cost
._Iactura- such as quality assurance, inspection, and testing as a part of
Pmd\\ctim\ bupport rather than Manufacturing.

For purposcs uf a mathematical model, it is diifmult to assgign a
" number ar formula to most of the Production Suppart cost l‘au*tn v, since
these ordina rily are not a spucific percentage of the total manufacturing
cost, and they do not have "standard lmur" rates assigned to them, For - =
"p\u-puses of discussion, ‘sustaining mqunoa ruag might be 17 pcrmm of the
manufacturing unit cost, and coordination,’ dlspz\toh might be 1% to 19 percent,

_ TADLE 2«8, PWB ASSKMB LY — PRODUCTION COST FACTORS

1, € nmdimtion ami Digpatelr,  This includes kit ;wepamlum, plqnmm., ®¢ lm*ulxm,,
.mt\ s‘mul‘\ P ta-ﬂm im\\f\ vd T ey mg the 'w lX\ hetween the \.n\m\m work statio. 8,

4o Spures \‘umrul

DT n 6, A 0

8, Malm‘mls vm\tml

W iim.\ pmvma mg‘

7o lost Byuipmem Calibration,

‘¥ Tool Maintenanee,

ordination,

10, Configuration Control,

B e e e e i T



2,1,2 Flow Charts

A series of nineteen flow charts have been prepared, as listed in
Table 2-9 and included as Appendix A, These charts represent those manu-
facturing processes which are concerned with 1.SI devices packaged both by
hybrid microcircuit technology and standard discrete packaging, They are
intended as guides for the preparation of mathematical pricing models,
Flow Chart Number 1 is a Summary Chart which presents an overall picture
of how the other flov charts relate to one another, The charts generally
are brief, and contain only essential steps in the processes, Dashed lines
have been used to indicate alternate (or optional) process steps,

These flow charts basically cover the history of semiconductor chips
{(presumably LSI devices) from the time they are separated from the wafers
until they finally become an integral part of an electronic subsystem, For
purposes of these charts, the electronic subsystem was carried to the level
of a printed wiring board {PWB) or alternately, to a FWB equivalent (i, e,,

a Large Area Hybrid (LAH) or a Buried Multilayer Ceramic-Based Network),
As shown by the charts, an LSI chip can take many paths (representing
different packaging concepts) before it is mounted on the PWB or CWB,

Many of these paths lead to a hybrid microcircuit package, while others

lcad to special packages (e.g., DIPs, hermelic chip carrier {HCCs)) which
are mounted directly on the boards., A single PWB or CWB may contain a
mixture of packaging technelogies, For example, it may contain DIPs,
hybrid microcircuits, and discrete axial lead devices,

If the basic wafer is bumped, or if beams are formed on the wafer,
the device becomes a flip-chip or beam-lead chip ready for assembly to a
hybrid microcircuit network, It also is possible for the entire wafer to he
mounted on a special large area hybrid or a buried multilayer ceramic-
based network,

Flow Chart Nos. 2 through 8 cover the basic thin-film and thick-
film hybrid processes (both single and multilayer), including assembly and
zcceptance testing. Flow Chart Nos. 9 through 11 cover PWB fabrication
and assembly (flatpacks and DIPs). The other flow chaits cover single-chip
processing and other processes (e. g., tape chip carrier, hermetic chip

carrier} which are applicable to LLSI devices,

2-12



TABLE 2-9. FLOW CHART LISTING
(Attachvedva.s Appendix "A")

1. Summary Process Flow Chart from Wafer to Final Assembly and Test
2. Hybrid Microcirenit Assembly Process
3.  Hybrid Microcircuit Acceptance Testing Proceas

Thick-Film Substrate Fabrication Process

i
.

5, Thiek-Film Multilayer Substrate Fabrication Process
6, Thin-Film Substra*e Fabrication Proceas
7. Thin-Film Multtiayer Air Gap Proeeas

8, Thin-Film Substrate Metallization Process

9, Printed Wiring Board Assembly Process for Surface-Mountad Compunents
16, Printed Wiring Board Assembly Process for DIbPs

11, Typical Printed Wiring Board Processing Sequences
12, Large Area Hybrid Process

13,  Tape Chip Carvier Process

14, Duried Multilayver Cerantic Substrate Fabrication Proceass

15, UHermetic Chip Carrier (HCC) Procoss

v, Process Sequence Flow Chart for a Higher Power Transistor Captive Line
17, Flip Chip Procvessing and Assombly

18, Beam Lead Processing and Chip Assembly

19, MON Integrated Civenit Chip Packaging Process

et cntedibia i s b+ e A= s e et 1 2t b S R
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2.1,3 Mnm'_ ematical Models

Mathemautical cost models have been built for hybrid electronic sub-
éyétems, and f\indnmeritnl equaticina model'ing the total hybrid manufacturing
cost using thin and thick film technologies have been derived, Also, the
total manufacturing cost variations when tape chip carrier and LSI devices
are introduced into the hybrid technology have been evaluated quantitatively,
- Where possible, terms of the equations have been compared to each other,
and observations about their respective importance to the manufacturing

costs have been made,

2. 1.3, 1 Background
The manufacturing cost model for hybrid electronic subsystems is
built on '

1, Literature and in-house search data

2, Assumptions of functional relationships between parameters
characterizing the hybrid technology

3, Definitions relating quantitative process and product parameters

4, Simplifications of actual manufacturing processes (only those

terms most relevant to the total hybrid cost were considered),

To obtain a comprehensive and simple model where sophistication of
the mathematical algorithm does not overcome its own ability of expression,
many assumptions and simplifications were made, Doing so, the peneral
validity of the model was not affected, A “working model' has been built;
one which is quantitatively accurate in the range of its limitations, Qutside
the ranpe, severe lack of specific data on which te build accurate definitions
was found., The model therefore is accurate outside its limitation range
only when the qualitative behavior of some cost function is sought,

All of the mathematical formulas can be applied veadily by using the
parameter values reported in Tables 2-10 and 2-11, Alsce, any hybrid
microcirenit can be defined readily in terms of the "Reflerence lybrid! which
was built to obtain fundamental constants of the equations, The reference
hybrid is an average-complexity electronic subsystem for acrospace
applications, Parameters characterising this hybrid can be found in
Table 2-12, o
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TABLE 2-10,. SUBSTRATE PROCESSING — VALUES OF CONSTANTS
AND PARAMETERS

C
c

]
prax

W
v

' (_:onll:a'nta

~dollars

standard hours (STDH)
non-dimensional

STDH x in®

STDH

in?

non-dimensional

LParameters

Number of resistors/ in®

Number of chips/ in?

Area of one resi&tor,f
hybrid area

Inverse of tolerance

Hybrid size factor

Hybrid complexity factor

Maximum number of pads
found on IC

Wape rate (arbitrary constant
assipned for relative rom-
parison only), $/Hr

2-15

Thin Filmm Thick Film

30.00 0.6+
0,124 0.024
1,56 1.5
0, 205 0,038

T.2x 1072 4% 1078
2,4x103 4.6 51077
7.1x1073 7.1x 107

Thin_Film Thick Film

76 23
144 Th
5.4 x10°% 2. 28~ 1077
5 5

1,0 for 1.5 x 2 in

substrate 0, 5 for

0.7% x 1, 75 substrate

0.3 for 1 x 1 substrate
0.5

|

i2, 00

e e e ]




TABLE 2-11,

ASSEMBLY AND TESTING — VALUES OF CONSTANTS
AND PARAMETERS

C
op
Po

B,
83

Norra
TRD

NCAI’

Nese

OPT

Constants

dollars
non-dimensional
dollars
dollars
dolUars
standard hours (STDH)
STDH
STDH
STDH
S$TDH
STDH
STDH
STDH
STDH
STDH
STDH
STDH
STDH
STDH
STDit
STDH

dollars

Parameters

Total number of transistor
junction of ICs

Total number of transistors and
dindes

Total number of capacitors
Total number of chips

Total sumber of ICs

Thick Fitm

800

30

40
90

20

23
7x10"%
0.13
0,80
16
0. 033
9.3 x 1074
6,6 x T
0. 033
0. 088
0. 088

23]

)
0, 025
0,51

0, 186

Thin Film

480

13

20

45

P2

2-16
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(Table 2-11 concluded)

TRJI

‘Parameters

. Totil number of bonds

Total number of resistors

Package type factor {Figure 4
Number of packages purchased In
a lot (Figure 4)

Average cost of a pickage lid

Number of lids
STDH for substrate bonding

Die attachment fuctor:

Number of pads IC

Fraction of other connections
{jumpers and to package leads)

Reliability levet

Average number of transistor
junctions/chips

Number of rewarks before sealing
Number of reworks after sealing

Fraction of chips reworked before
sealing

Fraction of bonds reworked bhefore

scaling

Fraction of chips veworked after
scaling

Fraction of bnﬁds reworked after
sealing

Roework due to lid substitution,
STDIt

Acceptance Test, STDH

. Number of hybrids produced per

year

Thick Fllm  Thin Fil

L e40 C a0
100 30

2, 0 for butterfly packape;
1, 0 for HAC-PAC

10,000
$1.70

.o
0.12

1. 0 for epoxy attachment
2 for moly tak attachment

16

0.40
I for military or space.
0 for low and high cost

10

0.1
0, 0%
0.02

0. 004
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TABLE 2-12, REFERENCE HYBRID

Hybrid size 0,75"x 1, 75" Area: 1,325 in®

Number of package leads 74 {only 60 are actually used)

Number of connectlunl {pads) per 16

chip

Active chip (reference) 40 transistors (9 pates)

Sn 54LS 134, Elmo Semiconductor

‘Corp,

Number of hybrids produced/yr 1.2xtod

Number of components an a

0.75" x 1. 75" Area

Components Thin Thick

Active Chips
Transistors and Diode (area 30 13
=174 IC area)
ICs (32 x 65 mila) 20 12
Passive Devices
Capacitors {(area =1.5 - 2,5 IC 40 20
area)
Resistors 120 30
Resistor size (3 K} 0. 0075 x 0, 090" 0.04" x 0, 075"
Space taken by active and passive 50 - 70% 35 - 50%
devices {including cesistors)®
("o of this space taken by resistors 20% 35%}
Number of bonds (Length of bond 640 340
50 mits)
Qverall process yleld 95% 91%
“The remﬁlnlng space is token by the conductor network,

2.1.3.2 Hybrid Manufacturing Costs

The total manufacturing cost for a hybrid, CH' is given, in dollars,
by

Cyy v Cop + €

H Sp AT

where C is the cost of thin or thick film substrate processinp and CAT is

Sp
the cost of the assembly process and testing,

2-18



I, Substrate Pi-o‘eouing : .
The cost, in dollars, of thin or thick film lubltr ate processing, Cgp, is
_modolod by the Iouowing aq\ution-

Cgp = Cs+(Cp+ Cy+ Cpp+ Coc) W, @
where W, is an arbitrary wage rate constant in dollars/hour and all the
" other symbols are idestified with the steps in the flow charts of Figure 2-2
or Figure 2-3. The terms in parentheses are in units of standard hours
(STDH), During the follow-on program recommended in Section 3.0, addi-
tional in-process testing and rework cycles will be added to these flow charts,
and mathematical provisions for determining in-process yields will be
included.,

Equation 2 can be rewritten as

Csp = Cos Sz + (Cop/Yo® ¢+ Cy+ Ky bgpipty + Koe C S0 W, (3)

The above equation is based on the following acsumptions and definitions:
A, Slibit_rate Mat_erial — Assume this cost Cg to be a function of the

hybrid size factor S,. Define

where C os i8 @ proportionality constant,

B. Circuit Processing — Assume this cost, Cp’ to be a function of the
circuit complexity, Cc'

-C

where COE is constant with STDH dimensaion and Yo is a dimensional

-C

constant, The term Yoe™ ~¢ can be considered the yield of the process,
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This term can be expanded to express process yield explicitly as a
function of those parameters which cause rejects (as has been done
for the assembly and testing terms). The implicit form was chosen
here for simplicity, since the substrate fabrication cost is a small
portion of the total hybrid cost. Yield parameters will be expanded
and expressed mathematically in a more detailed manner in connection

with any follow-on program such as that recommended in Section 3. 0.

‘Circuit Complexity — Assume this factor, C.» as a function of the

total number of chips (active and passive) per 'ma, 6c, the total number
of resistors per inz, 6R’ and maximum number of pads found on one

chip, & Define this factor as

pmax’
1.1

T
C = KC(6c+5R)+KC 6pmax

C

where K _ and KCl are two proportional constants, The exponent of the
term 651);nax has been found empirically by the best fit approach from

the available data,

NOTE: C. approaches the value 1 as the circuit complexity increases,
This also means that multilayer technology should then be used,

Resistor Trimming — Assume this cost, CRT to be a function of

resistor size factor 6SR’ resistor density 6[{ and resistor tolerance
factor tp, Define as

Crr * Kp %R orir
where I(.I. is a constant havinp the dimensions of STDHxin%, The factor
tp is taken as the inverse of the tolerance, For tolerance greater than
20 percent, tp equals 0. The resistor size factor by 18 defined as the

ratio of the average area of one resistor is the total hybrid area,

QC Inspection — Assume this cost to be a function of circuit complexity

C. and hybrid size factor 5. Define as

K c s

¢ QC “c T Z

QcC ~
where KQC is a constant with STDH dimensions,
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1I, Assembly and Test

The cost, in dollars, of the assembly process and. testmg, CAT’ is modeled
by the following equation: N

CAT - CP+ CCC+ C = (CPT + CBS + CBC + CWB + C\ID

+

Cac1* “Eps * CTROB *Crwb " Cac2* Cs1, - g

+

AT * CTRQA * CRWA * Caca * Co) W,

where CL is the unit cost in dollars of the package lid and all the other
symbols are identified by the steps in the flow chart of Figure 2-4, The
terms in the parentheses have the units of standard hours,

Equation (4) can be rewritten as

CaT ~ Coptysf.e t (DINTRJ-I paNTRD+ ﬂSNCAP)“‘ Cy, !

{c tsz+cBS,maNc+b t,pa.pmcmf-_z INprp*N cap M~

) e
x (0] vd(eNy tKQClC S u..(NTR]) .

C

N 0.1
& (Nppp™ ! e inhg N g 2Nw B KaeaCoSy,

- e 00t ! ! T
+£b.z-+-rCTT+1, ‘NTRJ) (.Cm [h g N(:J:g‘a NWB“CL.RJ !

KQ.cssz'CO} W o o )

The above equation is based on the following assumptions and definitions:

A Packa[‘.e Cost — -Assume this cost, C_ to. be a function of package f.ype -

factor t » hybrid size factor S, and purchase quantity Q,

..pQ..

Dufine as

C = C_ 8,
P Topyz®
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Figure 2-4. Hybrid Microcircuit Assembly and Test.
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where Cop is a constant having the dimensions of STDH and B, is an
adimensional constant, The exponential behavior of the relationship

has been deducted from the graph of Figure 2-5, (The purchase quantity
was considered here because of the relatively high cost of this item, )

Active and Passive Chips — Assume the cost of active chips proportional

to the complexity of the chip expressed as the number of transistors,
Define the total chip cost as

Cee © P Npryt BNpppt BNeap

where NTRJ is the total number of transistor junctions in the ICs, N
CAP is the total
number of capacitors, ﬁl’ p?.’ and p3 are three constants of proportionality

TRD
is the total number of transistors and diodes, and N

having dimensional units of dollars,

110 LSRR LL) I I L LR L L Lt B R D R R B R R

0 - e

0 - 1IN, x 2 Iti, PACKAGES -
O BUTTERFLY
80 |- O HAC-PAC 4

40 - -

40 - it

PACKAGE COST, DOLLARS

30 |- . =

0 U0 0 111 TS U0 OO 111 S W U 1 111 N O W O 1 011 A O W W U111
\ 10! 10° 0? w! 10° 0°

PURCHASED LOT SIZE, NUMBER OF PACKAGES

Figure 2-5, Package cost versus purchased lot size,
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Package Lid — Define this cost, CL’ as

' 1

| el Tt Bl o

L L

where n' is the number of lids used for the same package, Normally
n' = 1 but it can take other positive integer values (2, 3, etc,) when

rework occurs,

Pre-Tin Cost — Assume this cost, CPT’ to be a function of the hybrid

size factor, 57. Define as
Cpr = SzSopT
where C is a constant of proportionality having STDH dimensional

OPT
units,

Bonding Chips — Assume this cost, CBC’ proportional to the number

of chips, NC’ active and passive, Define

CBC = maNC

where m takes the value of 1 or 2 if the molytab is not or is used,

respectively, The constant e has STDH for dimensional units,

Wire Bonding — Assume this cost, CWB’ to be a function of the total

number of active chips, capacitors, lead connections and jumpers,

Define

o2 sheN
l(op

wB ct2IN

cl trD * Neapl (1 + 0]

=8 o ie 2 'v’r N : . . N
where 6P ie the number of pads/chips, Neier Noro and Neap are the
total number of ICs, transistors and diodes and capacitors, respectively,
and f is a factor which takes into account jumper bonds and bonds to the

leads of the package,

Non-Destructive Pull Test - Assume this cost, CND’ to be a funciion of

the total number of bonds qu, and of a factor r, which takes the value

1 or 0 for high- or low-reliability hybrids, respectively. Define

CND = d(xNy )

where d is a constant having STDH for dimensions.
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K.

to be a function of

Pre-Seal Visual QC — Assume this cost, CQCI’
circuit complexity and hybrid size, Define as

Caci = Baci1 G52

where KQCI is a constant having STDH for dimensions,

Pre-Seal Electrical Test — Assume this cost, CEPS’ to he a function

of the number of transistors/chip, N’I‘RJ’ and circuit complexity factor
Cc' Define

N, l ¢

. 0.
Ceps = 8WNppy &

where g is « constant having STDH for dimensional units, The exponent
0.1 has been found empirically by the best fit approach from available
data,

Troubleshooting Before Sealing — Assume this cost, C

TRORB’ to be a

function of the average number of transistors, chips, NTRT’ and circuit
complexity Cc‘ Define
de 0.1
Crrop * 8 Wqpy) ' C,

1
where g is a constant having STDH for dimensional units,

Rework Before Sealing — Assume this cost,

CRWB’ to be a function of

the number of chips, glNc, and bonds, gaNWB’ reworked, Define

[ =enih (gli\]C )

TWB '8, Nyp

where n is the number of reworks, and h is a constant of proporticnality
having the dimensions of STDH, g and g, are adimensional and can be

regarded as percentage fractions,

Pre-Seal QC Inspection — Assume this cost, to be a function of

Caca:

circuit complexity and hybrid size, Define

Cacz = Pocz Bz

where KQCZ is a proportional constant having STDH for dimensions,
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M, Sealing — Asrame this cost, CSL’ proportional to the hybrid size

R,

factor, Define

e z BSZ

SL

where P is a proportional constant having STDH for dimensions,

Post-Seal Acceptance Test — Assume this cost, CAT’ proportional
to the reliability level, r, Define

CaT = Corp

where CTT is a constant expressed in STDH units,

Troubleshooting After Sealing — Assume this cost, Crroa» 'o be a

function of the average number of transistors chips, NTRI‘ and circuit

complexity, CC. Define

: 051
Crroa - 8" Npgpp) * " €.
where g' is a constant in STDH units,

Rework After Sealing — Assume this cost, Crwa» to be a function of

the number of chips, glNc, bonds, gaN and lids reworked, Define

waB’

n'[h' (g' N

]
c 1Nt BNy

)+ C

RWA LR]

where n' is the number of reworks, and C is the cost in STDH needed

LR
to rework one lid,

Final QC Inspection - Assume this cost, CQC 3 proportional to the
hybrid size, Define

S

Cacs = Kaci®z

The cunstant, Co’ expressed in STDH units, has been added into
equation 5 to take into account other steps of the process which have not
been reported in the flow chart because of their small impact on the

manufacturing cost of the hybrid,
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Factors expressing vield in the Assembly and Testing terms have
been expressed explicitly as a function of those parameters which
cause rejects. The terms CTROB’ CRWB' C'I‘RDA' and CRWA

contain these parameters,

2.1.3.3 Calculation of the Manufacturing Cost for a Typical Hybrid

The total manufacturing cost for a typical hybrid is calculated by
substituting equations 3 and 5 into equation 1, and by giving to the symbols
their respective quantitative values which have been reported earlier in
Table 2-10 and Table 2-11,

Substrate Processing Cost, This cost is calculated by applying

equation (3).
a, Thin Film
15+ (0,132 + 0,024+ 0,04 + 0,018) x |2

S i e L
17.5 dollars

Csp

Observation I - The cost of the metallized substrate material is
approximately six times the manufacturing cost.

b, Thick Fiim

CSP 0.32 + [0.026 + 0,024 + 0,01 + 0.01] x 12
0.32 0, 84
1. 16 dollars
Observation I — Manufacturing cost is 2, 6 times the substrate

material cost,
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Assembly and Testing,

This cost is calculated by applying

equation (5).

(0,042) (0, 224)

(105)

Cpop = 10,70+ 192 + 1,70 +{0,0165 + 0,12 + 0,084 + 0,425 +
(1.56) (. 53)
+ 2,95 +0,022 +0,064+0,128+2,0+ 1,0+

Note:

(0,09)
+ 0,093 +1,0+ (0,22 +1,2)+0,22+0.01 +

+ 0,25} x 12
204.4 + {9.8} x 12

= 204,4 + 117.6

322 dollars (8) thin filsia hybrid

117.4 + {7.56} x 12

it

\

117.4 + 90, 72

208, 12 dollars (9) thick film hybrid

The numbers in parentheses wbove other anumbers in the thin
film hybrid equation are the respective values for thick film
technology, Terms in the assembly and testing equation
which depend upon the type of technology used are easily

identified in this way,

Observation lIl — The cost of materials, namely package, chips,

and lid, is about 1,5 times the other costs,

Observation IV — The cost of testing is about 41 percent the total

assembly and testing cost,

Observation V — The cost of troubleshooting and rework is about

55 percent the total assembly and testing cost,

Observation VI — The cost of assembly and testing is 18,5 times

the cost of substrate fabrication for thin film

hybrids, and 180 times the cost of substrate
fabrication for thick film hybrids,
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Total Hybrid Manufacturing Cost

This total cost is calculated by adding equations (6) and (8) for thin
film technology and equations (7) and (9) for thick film technology, Therefore,

% & +C

SP AT
17.5 + 322 = 339, 5 dollars (10) thin film hybrid

H:

1l

1,16 + 208,12 = 209.28 dollars (11) thick film hybrid

A rough estimate of the total manufacturing cost as a function of the number
of hybrids produced per year can be obtained by using the equation

55
C, = L54x10°c7l 26 x10 " v} 500 < V< 150,000 (%)

where V is the number of hybrids produced in one year,
The hybrid cost expressed in this way is comprehensive of the non-
recurring costs (masks, screens, engineering assistance, tec,). These

costs have a large impact on the final low-volume production hybrid cost,

2.1,.3.4 Effects of Tape Chip Carrier (TCC) Technology on the Hybrid
Manufacturing Cost

The effects of substituting TCC technology for chip-and-wire assembly
are calculated by inserting key comparison factors or '"operators' into the
basic equations derived earlier, Such operators can take the form of decimal
numbers; e, g,, 0.9, 0.8, 0,7, applied as multiplying factors which serve to

determine the degrees of cost reduction involved,

Obviously, the cost effects of TCC usage can vary widely depending
upon the specific operator chosen, and this choice becomes vital to the analysis,
Those operators utilized as preliminary examples in this report have been
chosen on the basis of in-house discussions with personnel who have been
exposed to TCC technology for varying times, and who have varying levels
of management and/or 'hands-on' experience with this concept, The results

of applying such factors is speculative at this time, but confidence in their
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integrity will increase as they are revised during the remainder of the
contractual time period. In any follow-on effort associated with this
program, Hughes will generate the maximum feasible amount of
quantitative/derivation data to justify the particular operators chosen

at that time for determination of TTC comparative cost factors.

Assumptions and Definitions

Assume that the pre-seal electrical test cost, CEPS' the rework

before sealing cost, CR.WB’ and the chip bonding cost, CBC’ are affected,
Redefine these quantities as

'

c (0.6) C

RWB RWB
c'pc = 0.9Cqc

Assume the total cost of testing the chips, CTC’ (with TCC), pro-
portional to the total number of ICs, Nepes Define this cost

c = uN

EE cIC

where u is a constant expressed in STDH units,
Define a new IC chip cost, the bumping cost, CBP‘ Assume the

total cost, proportional to the number of ICs, NCIC'

£ N

B T YB Cic

where up is the cost in dollars to bump one chip (having 16 pads)
The cost of making wire bonds to ICs is eliminated, bépNCIC =0
Assume the non-destructive pull testiné cost, CND’ on wire bonds

substituted with some other equivalent non-destructive test cost, C‘ND'
Define

& NP 0. 30 CND
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Then the total cost variation if TCC is used in the manufacturing of
hybrids is

] 1 g 1
Crcc = [Cgps - Ceps) HCrwy - Crwar! *(Cpe - Cpe) +

A

] 1
Cwp~Cwp'* €xp - Snp) + Crel X W, + Cpp
(<0.019 - 0.4 - 0,0084 - 0,21 - 2,065 + 0. 55) x 12 + 4

-25,8+ 4

-21, 8 dollars/hybrid

i

Observation VII - Based on the operators used at this time, TCC

usage represents a 6. 4 percent savings on the total
thin film manufacturing cost and a 10. 4 percent
savings on the total thick film manufacturing cost.
(No substantive decision or opinions should be

drawn from such data at this time. As discussed
earlier in this Section, more precise operator
determination is recommended as a part of any
associated follow-on activities which may take place).

2,1.3.5 Wafer/Chip Bumping Cost Analysis

A significant portion of the total TCC processing and cost package
relates to wafer bumping, as indicated in Flow Chart No. 13 of Appendix "A",
A simplified wafer bumping process flow chart is shown in Figure 2-6 which
also includes typical per-wafer processing time for each operation, Using
this informatio.:, the wafer/chip bumping cost is calculated as follows:

e Total manufacturing bumping cost/wafer:

C

BPw (150 +#1,0+0.5+0,08¢ +0.17 +1.5+0.075 +0.25

+1,5+0,25 + 0,50 + 1.0) x 12 $/hour + 1.00

(7.83 Hr) x 12 $/hour + 1,00 = 95 Dollars

1
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v
SHEAR
ELECTRICAL REMOVE PLATING
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(0.50 HR) -
)
WAX AND
TO
P s
(1O HR)

Figure 2-6. Wafer bumping process.

Then, the manufacturing bumping cost/chip is:
e 0.095 $/chip (when 50 x 50 mils chips, 1000 chips/wafer are
produced with a process yield of 90 percent)

e 0.63 $/chip (when 150 x 150 mils chips, 150 chips/wafer are
produced with a process yield of 5 percent)

e Non-Recurring Cost: $200, 00 probe card
$250. 00 mask
The number of bumped chips to be produced in order to amortize the
non-recurring cost can be found as follows:

Definition: Amortization volume is that number of bumped chips
produced so that the non-recurring cost per chip is
small compared to the total manufacturing cost.

cs ®
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Let 10 percent of the recurring manufacturing cost be the upper limit

of the non-recurring cost/chip that the factory can allow to add to the manu-
facturing cost/chip, Then,

—L—_'To.l‘.:%.m . 45,000

(number of 50 x 50~ mil chips necessary to
be produced before the cost/chip is $0. lOS/chiE

and

450

8 = 7,143 (number of 150 x 150-mil chips

necessary to be produced before the
cost/chip is $0, 70/chip
—_— ==

2,1,3,6 Effect of One LSI Chip on the Hybrid Manufacturing Cost

number of ICs and m is the number of ICs left in the hybrid,

Assumptions and Defintions

Assume that one LSI chip substitutes n-m ICs, where n is the total

Assume also

that this substitution will reduce the total number of chips, No» by X percent

and the total number of resistors, NR’ by Y percent, Define

o ot e
n‘m 50% n ;N8 NCl(‘;‘
\ ot
1\.‘C 50% N
o
Np 50% NR
Note 1, Reduction in the number of components can vary between

Note 2,

30 percent - 80 percent depending upon the circuit
application,

As a conscquence of the above assumptions, the circuit
complexity factor, Ceor will change,

Assume that the total number of wire bonds, an, will be reduced by

Z percent, Define
[ -
NW B 50% NWB

The Intel 8080 microprocessor with 40 pads (éxp) and about 5, 000
transistor junctions, priced .t $7,40 (chip size about 0,167 x 0, 194 in, ),

has been taken as a Referencv LSI,

The total cost of the hybrid manufacturing process when a 1.51 is

introduced into the circuit is given by equations 3 and 5 substituted into

equation 1 with the above parameter changes,
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Cu > Sep ! Can
= [15+ (0,144 + 0,024 + 0,02+ 0,014) x 12] +
+ 110,70 + 103,4 + 1,70 + [0,0165 + 0,12 + 0,021 + 0. 112 +

+ 1,42 + 0,026 + 0,124 + 0,153 + 3,85 + 0,5 + 0,093
+ 1,93+ (0,11 +1,2) + 0,22 + 0,01 + 0, 25) x 12}
= [15 + 2,4] +{115,8 + [10,15 x 12]}
= 17,4 +115,8 + 121, 8
o1 4 42316
= 255 dollars (13) thin film hybrid
= 1,16 +{69.8 + [7.83 x 12]}
1.16 +169.8 + 94,0}
= 1,16 + 163, 8
= 164, 96 dollars (14) thick film hybrid

The savings are obtained by comparing equation (13) to equation (10) and

equation (14) to equation (11),

ACH = =85 dollars thin film hybrid
ACH = -44, 84 dollars thick film hybrid
Observation VIII - This represents a 25 percent savings on the total

thin film manufacturing cost and a 27 percent
savings on the total thick film manufacturing cost,

Observation IX . By adding a LSI device, the manufacturing hybrid
costs along remain about the same, A considerable
savings is obtained however, in material (chips)
cost,
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2.2 TASK IlI PACKAGING IMPLEMENTATION

This study required that a demonstration program be performed to
adapt LSI devices on with tape chip carriers for hybrid packaging., Program
requirements included low volume applications involving testing, screening,
and burn-in on tape carriers, and a demonstration of processing compatibility
with high density hybrid technology.

The semiconductor devices used as demonstration vehicles were:

1, TTL SSI Device - Type 5400 Quadruple 2-Input Positive -

NAND-Gate; 10 milliwatts dissipation; 0, 040-inch x 0,032-inch,
with 14 pads.,

2, CMOS LSI Device - Type 1824 32 x 8 Static RAM chip; 500 milli-
watts dissipation; 0, 120-inch x 0, 160-inch, with 18 pads,

3. [ECL LSI Device - Type UDA/MUX; 1,5-watts dissipation;
0. 180-inch x 0. 190-inch, with 82 pads.

Tape carriers were fabricated for each of these device types, and
all three chip types were post-processed to add gold bumps. Inner-lead
bonding (ILB) was accomplished for all devices, but outer-lead bonding

(OLB) was performed on the TTL and CMOS devices only.

2.2.1 Tape Process/Materials Evaluation
A flow diagram for the fabrication of tape carriers is shown in
Figure 2-17,

RA COPPER
MIDE TAPE FOIL

EPOXY/POLY-

*(DENOTES ADDED OR MODIFIED PROCESSES)

PUNCH WINDOW LAMINATE FOIL ADD RESIST, EXPOSE s INSPECTION

v

IN TAPE > TO TAPE AND DEVELOP*
k3
ELECTROLYTIC  |o ELECTROLYTIC CLEAN ADHESIVE
INGERCTYION GOLD PI.ATE NICKEL PLATE® FROM LEADS®

Figure 2-7,

Flow diagram - modified tape processing.
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‘The processing used to fabricate tape carriers during this program
reflects significant modification of previously-used processes. These
modifications, which correct faults, improve yields, and/or solve encoun-
tered problems, are explained in the subsequent description.

A single layer of wet photoresist is applied to the copper side of the
film, after which a tape photomask (such as that shown in Figure 2-8) is
aligned to the sprocket holes. The combined elements are exposed, and the
resist is developed, A dry resist film then is laminated to the back side of
the copper to prevent etching through, and to protect the leads afier etching
from mechanical damage which might occur during subsequent processing.
The laminator used for this operation is shown in Figure 2-9, Previously,
wet resist was used on both sides of the film, but this was unsatisfactory
because it sometimes became tacky during spray etching, and the leads
tended to become damaged when the etched film was removed from the back-up
plastic sheets used for film transport through the machine,

The copper leads are defined by means of the Chemant Model 547
Spray Etcher, shown in Figure 2-10. The etch reagent is heated to 130°F
for this operation. The tapes are spray-rinsed in water and partially dried
with an air knife. During this sequence, the epoxy adhesive on the tapes
tends to become somewhat soft, and the leads can be moved from their true
locations if sufficient force is applied. Once the adhesive dries however,
it becomes hard again and regains its strength., At this point, the leads are
held securely in position by the adhesive, and by the dry-resist film backing.

Both the wet resist residual on the front side of the etched copper and the

\@% 2R 2R J L2 \@ig_l f2) 2

Figure 2-8., Typical tape phote-mask.
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undeveloped dry resist supportive film on the back side are removable in
their respective stripper solutions; revealing the completed etched copper
tape pattern, ready for plating, The photograph of Figure 2-11 shows a
completed tape carrier position for the 82-pad ECL device (Device Number 3
in paragraph 2.2.0 above), processed in this manner. It is aligned over a
suitably-bumped chip and a hermetic chip carrier package, for which this
particular tape pattern layout wa: designed.

It is recognized that usage of dry resist film for tape carrier backing
adds some material expense. In a production operation, this resist film
cost will be less than 2¢ per chip position; an amount which may be signifi-
cant in quantities of millions of chips per month (typical in commercial TCC/
DIP production operations). For lower quantity military-grade hybrid
mic rocircuits however, the chin quantity used per month is far less, and
only a small percentage of this totai usage is likely to utilize TCC technoloyy

within the next several years. Hughes already is investigating less expensive

Figure 2-11. Tape carrier
for 82-pad ECC devices
aligned over hermetic chip
carrier,
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material for use as a tape carrier lead support during etching operations.,
This work, together with related technology involving potentially removable
lead support membranes for usage within the window area, is outlined
below, and will be described more fully in connection with any follow-on
contractual activities which might result from the recently-completed
program,

One-micron nickel plating has been added to the process sequence,
Temperatures approaching 500°C are used to inne r-lead-bond the tape leads
to bumped devices. During this bonding, the subsequently-added gold plate
and the copper leads rapidly would interdiffuse should nickel not be used.
This adversely would affect the corrosion resistance and bondability of the
leads. The nickel layer between the gold and copper prevents such inter-
diffusion and maintains lead integrity.

Elecirolytic gold is plated over the nickel to facilitate inner-lead
bonding to bumped devices, and to add corrosion resistance to the tape
carrier metallization. The thickness of the gold deposit is 50 to 100 micro-
inches, plated at a current density of five amperes-per-square,

Lead Support Membranes - Damage to tape carrier leads during
processing affects yield adversely, especially for multiple-lead tapes such
as those used with MSI or LSI devices, The leads overhang the windows in
the polyimide film 100 mils or more, and they easily become bent or snagged
so that alignment with their respective bumps becomes difficult or impoussible,
A support ring, located near the lead ends, would minimize such lead damage,
as indicated in Figure 2-12. A ring can be made for this purpose by punch-
ing the polyimide in this manner before laminating with copper. An
approach such as this may be used where organics are permitted inside the
package. Special tape punching operations are required however; this will
bring about tooling cost increases, and also will tend to complicate future
tape standardization efforts. In addition, organics generally are not
permitted within high-reliability packages. Such pacrkages rcquire a support
ring that readily is removable after inner-lead bonding but before package
sealing. A temperature-resistant photosensitive material that is solvent-
soluble would be suitable. As indicated earlier, Hughes plans to investigate
the usage of such materials and develop appropriate processes during pro-

posed follow-on efforts related to TCC technology.
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Figure 2-12,

polyimide support ring.

2.2.2 Wafer Bump Process Materials Evaluation

EDGE OF
/WINDOW

’ POLYMIDE
/ TAPE

Tape chip carrier positions with and without

The flow diagram for wafer bump processing is shown in Figure 2-13,

A new step has been added to the bump processing utilized earlier in this

rrogram, and refinement of previously-existing steps has occurred.

EVAPORATE/SINTER
GOLD BACKING

DC
CHARACTERIZATION

SPUTTER W-Ti

= AND GOLD

DRY RESIST
COAT

A\

STRIP DRY RESIST

ALIGN PAD MASK;

= PLASMA ETCH - EXPOSE AND
AND ETCH FIELD  [* PLATE BUMPS « PAD AREAS < DEVELOP DRY
RESIST
v
PULL-TEST 0 pe SAW, SORT
BUMPS »| CHARACTERIZATION

AND INSPECT

Figure 2-13.

Bump process flow diagram,
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Eutectic die attachment often is necessary to promote heat transfer
and replace usage of organic materials in hybrid microcircuits, and particu-
larly in hermetic chip carriers (HCCs), Prior to DC characterization of the
devices to be bumped and subsequently die-bonded with eutectic material,
gold is evaporated on the back of the wafer and sintered at temperatures in
excess of 350°C to form a metallurgical junction, Electrical testing is per-
formed after gold backing in case changes occur in DC characteristics as

a result of this sintering step.

Barrier Layer Application - After gold backing (where required) and

electrical characterization, the aluminum-metallized and CVD-glassivated
wafers are sputter-cleaned, and a 3500 ﬁs-layer of 90% tungsten - 10% titanium
alloy is sputtered over the wafer at room temperature, followed by a

2000 ‘gx-layer of gold. The tungsten-titanium layer assures adhesion of the
gold to the aluminum pads, while acting as a barrier to diffusion between the
geld and aluminum, FPad adhesion has been excellent to date, and there

have been no problems with gold-aluminum diffusion., Equipment at Hughes
utilized for this process includes MRC Model 8802, and Perkin-Elmer Model
4400 Sputtering Machines,

Wafer Coating - The sputtered wafers next are coated on both sides

with 1. 8-mil aqueous dry resist, using a commercial laminator such as

that shown in Figure 2-9. The applied resist is exposed after it is aligned
carefully with a special light-field mask, which delinecates only the device
pads (approximately one-mil larger ¢a cach side than the via holes in the
protective CVD glass coating). A meniscus of dry resist sometimes remains
at the bottom of the devcloped holes; this can be removed by application of
developer with an air brusi:  On the few occasicns where the resist is not
completely removed in this n'anner, plasma etching can be used. Exccessive
use of plasma etch however, can cause erosion of the dry resist surfaces
and hole edges over the pads,

The dry resist film must be trimmed close to the wafer edges so that
it will fit into the mask aligner prior to exposure, When so trimmed, the
resist film tends to lift away at the wafer edges. For this reason, these
edges must be toachrd up with wet resist so that excess plating current is

prevented from flowing, and spurious plating is minimized.
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Wafer Plating - Both conventional and pulse-plating techniques have

been used at Hughes to form gold bumps on wafers., Conventional plating with
3 to 5 amperes-per-square-foot produces ductile, bondable bumps which are
fine-grained, and which have a relatively smooth texture, as indicated in
Figure 2-14, Wafers plated with higher current densities have yielded bumps
that are large-grained and coarse in texture, with many voids, as shown in
Figure 2-15.

Some difficulty has been experienced in attaining optimum bump height
uniformity. Approximately 85% of the bumps generally are within four
microns of the desired height, while the balance may vary in height by 5 to
20 microns. The mi.jor cause of such variations was found to be gas bubbles
developiig within the dry resist windows during plating. "Where such bubbles
are present, the plating solution is prevented from coming into contact with
all or part of the pad/bump. Higher circulatiop rates of the bath, and
increased mechanical agitation of the wafer have improved this situation.

Pulse plating and fountain spray plating were evaluated as bump

forming methods., Pulse plating resulted in bumps which were smoother and

Figure 2-14, Smooth, dense, fine-grained
gold bump plated at a current density of
five amperes per square {oot.
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Coarse-grained, porous
bump plated at a current density of
20 amperes per square foot.

Figure 2-15.

more fine-grained than those attainable with conventional plating. Height

uniformity was only slightly better however, while most of the resulting
bumps were too hard for satisfactory inner lead bonding, as indicated in
Table 2-13.

An outside source for fountain spray plating of bumps is being eval-

uated. This process differs from the other two in that the wafer is suspended

above the bath rather than immersed in it. The bath is sprayed upward

and impinges perpendicular to the wafer face.
This process will be characterized further during any follow-on

effort which results from the recently-completed program.
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TABLE 2.13, KNOOP HARDNESS OF PLATED BUMPS

Knoop Hardness
Device Number
Type Plating Process Plated By (10-gm Load)
1824 CMOS RAM Conventional Hughes 38-43
1824 CMOS RAM Pulse-Plating Hughes 65
TTL 5400% Conventional Fairchild 28-32
*These devices were purchased with bumps already added by the vendor.

Resist/Field Removal - The undeveloped dry resist is removed from

the wafer, after which the sputtered gold is removed with a commercial
stripper (Auro-Strip), The tungsten-titanium layer then is stripped with
hydrogen peroxide, During this process, step damage was noted on the
Type 1824 CMOS 1'AM devices. Devices inner-lead-bonded to tape were
failing to pass functional electrical testing. Investigation revealed that when
plated bumps were slightly misaligned with respect to the aluminum pads,
gold etch solution would penetrate through fissures in the tungsten-titanium
layer at the glass window edges, as shown in Figure 2-16. The aluminum
pad was dissolved by the etching, after which the fragile tungsten-titanium
layer buldged upward and was washed away (Figure 2-17). It is believed
that the fissures were caused by poor step coverage by the sputtered layers,
a condition aggravated by differential etch rates of the two CVD glass layers
covering these particular devices. The effect is diagrammed in Figure 2-18,
Low bnmp yields have occurred only on wafers having plated bumps
which are misaligned, and which therefore do not cover the entire pad
area; as indicated in Figure 2-19. This situation was remedied by more
careful fabricatiou, c¢heckout, and alignment of the plating mask. When this
was accomplished, the gold bumps filled the fissures and protected the pads
from gold etchant solution. The problem becomes less evident when bipolar
devices are used, since such wafers generally require less phosphor doping

of the CVD glass layer, and the reverse-slope step profile thus is avoided.
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ALUMINUM CAP GLASS
PAD
PHOS GLASS
!
(ol F

Figure 2-18, Usuercut cf the phusphorous glass due to differ-
ential etch rates. Undercut will cause poor step coverage of
subsequent layers.

.

Figure 2-19. Pad area exposed due to
misaligned bump. Aluminum pad is
etched away.
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It later was determined that the bump misalignment was caused by
small cumulative errors in the pad location mask used to expose the dry
resist. A new error-free mask has been made, and wafers with properly
aligned bumps have been produced. It is not expected that dissolution of

aluminum pads will be a problem in the future,

Bump Strength - Bump strength is measured after stripping the resist,

and after etching to remove the gold and tungsten/titanium sputtered "field"
layers. A special monitored push-off needle is used for destructively-
testing bump adhesion through shear sampling, A minimum value of 100
grams for all tested bumps is a lot acceptance requirement, Leads also

have been attached to bumps by inner-lead bonding, and pull-tested in shear.
The average pull strength typically runs 45 grams, with a high reading of

80 grams and a low of 35 grams., With a 1.4-mil x 4-mil beam cross-section,
the most prevalent failure point has been the interface between the bump

and lead surfaces, Although these data are satisfactory, it is expected that
further bump process/equipment optimization will shift more failure points

to the leads, with a resulting improvement in strength,

2.2.3 Inner-Lead-Bonding Evalu:tion

Inner lead bonding has been demonstrated successfully for the l4-pad
TTL and 18-pad CMOS devices. The bonded CMOS devices are shown in
Figure 2-20. Shorts between bumps on pads 1 and 2, 3 and 4, and 17 and
18 on the CMOS device (Figure 2-21) have caused the most problems in
bonding to date. These pairs of pads are too close (2 mils or less) to attain
high yields from gang bonding. An additional two-mil space between the
pads would make this device easier to bond with high yields, As TCC
technology becomes more widely used in the future, it will become more
practical to publish design guidelines defining minimum acceptable
semiconductor pad spacings, and to legislate their use by device designers.

The TTL Type 5400 devices were relatively trouble-free during

bonding. The bumps on these devices (purchased in a bumped form fror
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Figure 2-20, Hughes Type 1824D
microprocessor RAM chips inner-
leaded-bonded to 35-mm tape
carriers,
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PAD NO. 17
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a. 18-pad MOS device.
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b. 82-pad ECL device.

Figure 2-21. Bumped 18-pad MOS device and 82-pad

ECL devices showing close pad spacings.
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Fairchild Semiconductor Division were relatively less bondable and less
ductile however, than those of the 1824 CMOS RAM, which was bumped at
Hughes, Higher tool temperature and force therefore were required. A
TTL device inner-lead-bonded to tape is shown in Figure 2-22.

As discussed in paragraph 2.2.1. difficulties with the 82-pin ECL
devices resulted from damage to the delicate lead structure during handling
of the tapes during and after gold plating. As a result, the lead ends did not
always remain in their true locations, and some of them bridged two bumps
during inner-lead bonding, as illustrated in Figure 2-23a. The use of
support rings (Figure 2-12) will aid in solving this problem. Improved ILB

yield was noted however, when the more-rugged second-iteration tape

Figure 2-22. TTL device inner-lead-bonded to 16 mm tape.
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carriers (fabricated with dry resist support/backing) were utilized, even
without the addition of support rings. This improvement is illustrated in
the photograph of Figure 2-23b,

2.2.4 Outer-Lead-Bonding Evaluation

After the inner leads are bonded, the die with attached-leads
("'spider') is excised from the tape, Within the same tool, the leads are
formed upward and then downward from the top face of the die to facilitate
outer-lead bonding. (For larger chip sizes, separate excise and forming
tools may be more practicable for maintaining high yields at reduced overall
tooling costs, Hughes currently is conducting trade-off studies in this areca,
under internal funding.)

With currently-used manual handling methods, the leaded dies
(spiders) are placed upon a bond station pedestal, picked up with the outer-
lead tool by vacuum, and bonded or soldered (OLB) to a ceramic-based
thick {ilm conductor network, as indicated in Figure 2-24.

Outer lead bonding has been demonstrated successfully with 14-pad

TTL devices thermocompression-bonded to '

'reactive'’ gold thick film, and
soldered to palladium-silver thick film networks. Pull test strength was
measured oy means of a hook applying load at the knee of the formed bend
in the leads., Strength values are reported in Table 2-14. Most of the
failures occurred as a result of thick film pads lifting from the ceramic

substrate.

2.2.5 Sample Test/Burn In Study

Metallization on tape carriers for the TTL, MOS, and ECL devices
has been designed for gang burn-in. The pads are connected to buss bars
along the tape edges through junctions at the perimeter of each pattern.
When appropriate signals are applied to the buss bars, the devices on the
tape can be exercised during burn-in (for the ECL devices, several wire

bonds are required to energize each chip in a series).
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(a) First-iteration tape carrier
which do not quite match bump
second-iteration tape carriers,

locations,

(b) Improved lead/bump matching attained
through usage of dry-resist-backed

Figure 2-23. Inner-lead-bonded 82-pad ECL devices.



(a) Single TTL device outer-

lead-bonded to thick film
network,

Figure 2-24. Array of TTL devices on

ceramic-based thick film network,




TABLE 2-14, OUTER LEAD PULL STRENGTEHES

Failure Mode
Number Pull Strength (grams) (Number of Failures)
Device of Thick Bond
Number Tests Average High Low Film Lead Interface
1 10 60 85 45 8 2 0
2 8 50 65 25 8 0 C
3 6 45 70 35 5 0 1
4 7 60 85 30 7 0 0
5 12 hesD 75 35 12 0 0
Grand
Total 43 55 85 25 40 2 1

After burn-in, appropriate junctions are punched out, leaving each
pad on the tape electrically isolated. The devices then can be tested func-
tionally by means of appropriately-designed probe cards which serve to
transmit input and output signals/power.

A custom tape probing station has been designed, fabricated and
checked out in operation. This prober was used with appropriate probe cards
to test the 18-pad CMOS devices and the 14-pad TTL devices functionally on
tape. Tape strips with up to seven devices can be tested in a sequence. The

prober is capable of handling either 16 mm or 25 mm tapes.

2.2.6 Test Sample Fabrication

Environmental test samples were fabricated for the TTL devices.
The substrates were screened/fired using a mixed-phase reactive gold ink
for 50% of the samples. (A mixed-phase ink is a reactive ink to which a
small amount of glass frit has been added.) The balance were screened/fired
using fritted palladium-silver (Pd/Ag) ink over which tin-lead-2% silver
(Sn-Pb-2Ag) solder paste was screened and then reflowed. The TTL devices
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were excised from the tapes and attached to the substrates with conductive
epoxy. The outer leads were thermocompression-bonded to the substrates
on which gold conductors were screened/fired; and reflow-bonded to those
on which solder was utilized. FEach substrate was epoxy-attached to a metal
platform package, and wire bonded to the package pins, as showr ‘n Fig-
ure 2-25, Electrical function testing was accomplished on a computer-
controlled GR Model 1790 parametric tester, It originally was planned to
perform additional environmental testing on a second lot of samples com-
prising CMOS devices, outer-lead-bonded into the 24-lead hermetic chip
carriers shown in Figure 2-26. This additional testing could not be accom-
plished within the contractual funding and time limitations, but these efforts
will be continued on internal Hughes funding, and applicable results will be
report<d in connection with any resultant follow-on efforts related to the
program just completed., Devices from the 14-lead TTL lot have been
exposed to high temperature storage, thermal cycle, and thermal shock
tests. Sample lead pull tests have been performed on devices so subjected,
and resulis are summarized in Table 2-i5. A detailed test matrix diagram
is shown in Figure 2-27.

2.2.7 Environmental Test Results

Screened/fired network samples fabricated with each thick film ink
(reactive gold and solder-coated Pd-Ag) were divided into three groups.
Each group was exposed to one of the following MIL-STD-883 tests:

1. Thermal Shock; Method 1011, Condition A;
2. Temperature Cycling; Method 1010, Condition B;
3. High Temperature Storage (150°C); Method 1008, Condition C.

All samples passed electrical function testing after environmental
tests were completed. Lead pull-test data after environmental test exposure
are included in Table 2-14.,
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Figure 2-25. Environmental test packages for TTL devices.



Figure 2-26. Hermetic chip
carrier (24 pads) shown with
metal lid/sealing pre-forms,
adjacent to tape-mounted
18-pad Hughes Type 1824D
micro-processor RAM semi-
conductor device,
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TABLE 2-15.

ENVIRONMENTAL TEST RESULTS - TTL TYPE 5400 DEVICES

Passed
Type of Pull Test Strength Electrical
Substrate Ink and CLB Environmental Failure Mode Function
Bond Process Test ! Average | High | Low of Majority Test
m _ﬁ
Mixea-phase gold- None 37 70 15 OLB or ILB 100%
thermiocompression lifted
honded High Tem- 44 57 9 Thru lead or 100%
perature bump failure
storauge
Thermal %0 56 2 Bump-lecad or 100%
Cycle thick film-
lead
interfaces
Thermal 35 &3 7
Shock
Pd-Ag with Sn-Pb-Ag None 47 85 15 Lifted ILB 100%
Solder - Reflowed or through
lead
High Tem- 52 80 20 Thru bump 100%
perature or thru
Storage Solder
Thermal 24 35+ 15 Bump-lead 100%
Cycle interface
Thermal 46 98 26 Thru bump 100%
Shock or at bump-
lead inter-
face
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3.0 PROGRAM RECOMMENDA TIONS

Hughes/NASA discussions regarding the program reported herein

have led to the following recommended foliow-on Statement of Work:

Task A, Cost Factors Study - Mathematical cost models for various

discrete and hybrid microcircuit package concepts have been developed under
the recently completed contract. It is recommended that these mathematical
models be refined and broadened to include other state-of-art packaging
techniques, such as ceramic chip carriers, multichip LSI ""subassembly"
arrays, and plastic LSI packages; in addition to more detailed analyses
regarding tape chip carrier technology. The costing factors previously
developed will be refined and reduced to formulas for computerization. The
computer programs would be compatible with MSFC microelectronics
equipment, and would be made available to MSFC for ready accessibility by

engineers for costing and technology evaluation purposes.

Task B, Tape Chip Carrier Development Study - The data obtained

to date on this contract indicates that tape chip carrier technology is a viable
approach to law cost LSI packaging, and also could reduce hybrid microcir-
cuit costs., It is recommended that work be continued in the areas of wafer
bumping, inner/outer lead bonding, testing, and tape processing. To
further develop this technology, studies and laboratory cfforts would be
conducted to show the . .asibility of interconnecting an array of two, four,

or more LSI chips on a tape carrier. These arrays would form standard
building '"blocks', from which a larger assembly or subassembly, including

minicomputers or high density memory arrays, could be made.




3,1 TASK A APPROACH

The approach followed wo uld be substantially the same as that which
was followed under Task I, as reported under Subsection 2.1 of this Final
Report, Qualitative and quantitative cost factors would be collected where
needed, and functional relationships relating these factors would be found,
Definitions, assumptions, and limitations would be stated, The mathematical
cost models would be formulated upon them, Constants appearing in the
formulas would be expressed in tables for ready reference, together with
typical cost parameters, The simplified processes used for mathematical
modeling would be shown as block diagram flow charts,

In conducting the recommended Task A follow-on Cost Factors Study,
Hughes would cover the following specific tasks:

I, Refinement of mathematical cost models developed for hybrid

microcircuits under Task I of the recently-completed
contract,

II. Development of mathematical cost models for discrete packaging
technology (Printed Wiring Board Technology) by using the
cost factors collected in Task I of the recently-completed
contract,

III, Broadening of the discrete packaging and tape chip carrier
mathematical cost models which were initiated under Task I
of the recently completed contract, and extension of these
models to include:

a. Ceramic chip carriers,
b, Plastic LSl packages, and
¢. Multichip LSI "subassembly'" arrays,

IV, Development of the computer software for the mathematical
algorithms of the cost models, Thesc models will be refined
and verificd by computer simulation, using actual examples
of real packaging techniques,

3.2 TASK B APPROACH

The work approach recommended for the Task B effort discussed
above is shown in Table 3-1, which summarizes the tasks completed under
the recently compieted program and indicates the direction of effort which

would be accomplished on a Task/Goal basis under a follow-on program,
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TABLE 3.1,

RECOMMENDED TAPE CHIP CARRIER WORK APPROACH - TASK B

Task Description

Current Program Synopsis

Proposed Program
Task Goals

Remarks

Current Prou rams

Proposed Program Goals

-

. Wafer Bumping

2, Wafer Characterization
(Before/After Bumping)
3. Tape Preparation

4, ILB

5. Testing on Tape

6. Burn in on Tape

7. Excise/Forming

B. Lead Finger Support
9. OLB to S/F Networks

10. OLB to HCCs

11. Reliability Testing
of Networks /HCCs

12, Silicon Nitride
Coating /Retes:

13, Multiple-Chip TCC

A: OK Electrically/
Mechanically

B: Mask Alignment Problems

C: OK Mechanically

A:

B:

OK
OK

A: OK B: OK C: OK
A: OR B: OK C: Partial

A: OK B: OK

A: OK
B: Excise Only (OLB Tool)
C: Ordered Tool

Preliminary Investigation
Only
A: OK

B, C: Partial

A: OK

B: Electrically/Mechanically
D: Possibly
E: Electrically/Mechanically

E (possibly D)
D and E (A, B, C as

required)

D and E (complete C)

D and E (complete C)
A (possibly D and E)

D and E tcomplete C,
Excise only for HCCs)

B,C,D and E ‘best efforts)
Dand E
Complete B and C;

possibly D and E

E (possibly B and C)

Best Efforts: A,B.C,D
and E

Best Efforts: E

MOS Devices Require
Particularly Careful
Mask Alignment

Conducted by Supplier

Limited to 3-inch lengths

Used K & S Lab Bonder

DC Parametric Tests
Not Demonstrated

A: to Networks;

B: to HCCs (no forming)

C: None

Proprietary with Hughes
Supplier

Used for Environmental
in Metal Packages

Preliminary Investigations
HT Life, Thermal Cycling,
Moisture Resistance

(Packaged Networks)

New In-House Capability

More Definitive Process
Reflinement Required

To be Conducted by Hughes
Expansion to 6-in. and/or
12-in. Lengths

Use of Projected New IMI
Production Bonder

Functional Testing

Demonstration

C: Use Newly-Received
Tool

Investigate for ILB

Compatibility, Solubility

Special Test Circuitry

Process Demonstration,

Refinement

Add Pressure Cooker Test

HTRB: Both HCCs and

Networks

Potential Replacement
for Hermetic Packages

Initial Conceptual
Investigation and Proof of
Performance

Candidate Devices:

A: 14 Pad Type 5400
Dual Quad NAND Gates

B: 18-Pad Type 1824 D
Microprocessor RAM

C: 82-Pad ECL/MUX

D: 48-Pad Type 2903
Low-Pwr, Schottky CPU

: 16-Pad 384-

Element STAR

F: 64-Pad 1584
Element STAR
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APPENDIX A
FLOW CHART LISTING

Summary Process Flow Chart from Wafer to Final Assembly
and Test

Hybrid Microcircuit Assembly Process

Hybrid Microcuircuit Acceptance Testing Process
Thick-Film Substrate Fabrication Process
Thick-Film Multilayer Substrate Fabrication Process
Thin-Film Substrate Fabrication Process

Thin-Film Multilayer Air Gap Process

Thin-Film Substrate Metallization Process

Printed Wiring Board Assembly Process for Surfaze-Mounted
Components

Printed Wiring Board Assembly Process for DI?'s
Typical Printed Wiring Board Processing Sequences
Large Area Hybrid Process

Tape Chip Carrier Process

Buried Multilayer Ceramic Substrate Fabrication Process
Hermetic Chip Carrier (HCC) Process

Process Sequence Flow Chart for a High Power Transistor
Captive Line

Flip Chip Processing and Assembly

Beam Lead Processing and Chip Assembly

MOS Integrated Circuit Chip Packaging Process
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Typical printed circuit board processing sequences,
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Tape chip carrier process,



ORIGINAL PAGE IS
OUF POOR QUALITY

SCREEN CONDUCTOR
MAKE GREEN BLANK PUNCH PUNCH 10MIL FILL VIAS PATTERNS ON
CRBAMIC.VARR - | TAPE TO > ALIGNMENT =9  VIAMOLESIN =i WITH CONDUCTIVE ALL LAVERS OF
8Y DOCTOR SIZE HOLES CERAMIC TAPES PLATINUM PASTE GREEN TAPE
BLADE METHOD USING PLATINUM
r—————q
ALIGN ALL TAPE LAYERS BLANK LAMINATE SURNDPEEMNOR A INSPECT AND
TOGETHER AND || ANDSINTER | ELECTRICAL b= PLATYaN.
INSPECT LAMINATE UNDER [~®] T© iy sy LAMINATE IN Ay TOST * ¢ neauineo |
MEAT AND PRESSURE AIR AT 1600°C |
i e
I=
|
e R et |
L
CUSTOMIZE TOP ATTACH DISCRETE ATTACH ACTIVE
LEVEL BY AIR FIRE TOP SOLDER RING SHIEFRN AXIAL LEAD AND PASSIVE
SCREENING THICK PATTEANS AT R FRAME TO TOP - e LEAK o COMPONENTS 8 CHIP COMPONENTS
FILM RESISTOR AND 900-1000°C LAYER vest AND SOLDER AND WIRE BOND
CONDUCTOR PATTERNS
L 4
PAE SEAL
SEAL COVER
INSPECT AND LEAK ACCEPTANCE
ELECTRICAL [~ vy [~ TEST P Lridhie
TEST
. . 1 t
Flow Chart 14, Buried multilayer ceramic substrate fabrication process,




e ) °:=::::,::°
¢ l

- ey Prre rom e s ey
FLUX AND DIE ATTACH WIRE BOND PRESEAL PRE-SEAL !
TIN BOTTOM befil  CHIP TO CHIP PADS  |—|  VISUAL _J ELECTRICAL l_. “Q'ai%‘:f" > i - c,_,‘,'.;',‘(,c:c l
OF HCC wee TO HCC PADS TEST | Smenais | S
i sy
I
- ¥
FUNCTIONAL
ELECTRICAL
TEST
THICK FILM A
SUBSTRATE FOR ATTACHMENT TO A CERAMIC SUBSTRATE :
r BURN.IN
ASSEMBLE -
MASK AND FLUX SUBSTRATE REFLOW RegauE REMAINDE R OF $oae 1 |
SOLDER TIN | AND ALIGN | SOLDER i Frux  |® PassiveEanD el TP | |
PADS HCC TO PADS Hee ACTIVE CHIPS
TO SUBSTRATE | |
FOR ATTACHMENT TO A PWA | |
? T FLUX PWEB REFLOW ATTACH AND |
( rws bl anoaLion [—pl soLoER |—pf REMOVE L o O/CCCN TR || Test g
N s s et HCC TO PADS HCC COMPONENTS l l
A
o nEry B
——— Sy i
e Ol e R PONESR
3 = ——.l SOLDER =
(\ FOR MCC )‘ L | AND REMOVE l“"‘! e A e |
HCC = WERAMETIC CHIP CARRIER PR —— | 1o aFLUR | !
| e i T | |
PWB = PRINTED W RING BOARD |
= __ FOR DIRECT SOCKET PLUG-IN 3.

Flow Chart 15, Hermetic chip carrier (HCC) process.



HIGH RELIABILITY TRANSISTOR ASSEMELY
PRCCESS SEQUENCE AND CONTROLLING DOCUMENTS

1Mz
) 33m76
st
900107
o e ey waes 850500 3 ue 243 om08h w23 Z 245
BOND SEW1 COND oRM
@_’ WeRDER P 10N visuAL P 10 sussTRATE P insrection Lo P 1w visuAL P FREON CLEAN
n-u-u
oc
(o) = = D
CTE Vi 741907
" 347 247 e 247 e 747
< PRE COAT CUSTOMER 100% NO PULL R
cunE < AEYIN COAT BAKE | TEST USWIRE BOND
CLEAN ""@u e )€ LTesY N ORE
. 3 w003
“F7E
M5 761510
’ i 50800 3 WP 247 WP 248 \ I P 348 wmna
— 100% PRE CAP o  vacuumm: CAPSEAL IN cAup & FINE AND GROSS
r——— . PECTION | saxeour > DAY N, WELD I vauT > i
_.__
Was Tvﬁﬁm
W 24s
e 245 08103
AN 100% ) < >
oRY wer cue le—— o= ‘_C_
WS
WL STO 750
$00001 G0 7S & SRETS 6 508001 mETS 5 oS 6 1
i SAFE OF AREA INSULATION HIGH TEMP
FInE AI;oo\w 1‘_—| ACCELERATION " VE':SREV M— TEMPCYCLING T(ﬂ’ | RESISTANCE [ STORAGE cuﬂmcaﬂm r.__.
e L Sk AP e B
ot
} 4 4 4 om0 w000 o—
oc EXTENDED AECORD
SURVEILLANCE rowER o -
LOT YIELD WFO :’ AGING l imd 2 I H
= DMEACMPATIONY. .
y ‘ L EETR 4 Iy o013 womrs e O |
PARAMETERS : C FINA ACKAGEFOR
PiN LOv RECOAD CLEAN AND L "
TesT e M| PLATING B e al 2aTioN KAAY ENO POINTS [ i torigs DELTA CALE x DELIVERY
5 | | AwDPOADETERM
w0875 5 wmzs 5 908007 Bl wmers s Z| g _COMMPTS
900054 v e S, SORETS
3 CORA SAMPLOT
7O CUSTOMER
JUNE 12 194 WITHODATA
Flow Chart 16

=P (O
CUSTOMER

Process sequence flow chart for a high pcwer transistor captive line

§)
1o

)

a rl\fN

)\

AUV
a1 @9



GLASSIVATED BUMP > SCRIBE
WAFER WAFER AND BREAK P

= ————

—— ——

| | ’ N
ULTRASONIC
TEST _ﬂ b THIN FlILW \
—— e . s FLIP CHIP |- SUBSTRAT,

cne BOND EACH CHIs A £5d
| nowioualiy | s
- = =)

;
Ation kol ATTACH AND BOND PO
FLUX f—’ FLIPCHIPS | SOLDER —{ CLEAN c;:atgn::::s | ELECTRICAL SEAL
ON SUBSTRATE ALL CHIPS sttt bk AND VISUAL
SIMULTANEOUSLY Yo su b

SOLDER
o
SUBSTRATE

ADD DIELECTIC
SOLDER DAMS

-
Y
P P s_]
THICK FILM %‘:,Gf
SUBSTRATE CHIPS ‘

Flow

Sy |
scaeenow |
——»! “soLoen
| PastE |
|

e ]

Chart 17,

R P S S

Flip chip processing and assembly,




DIFFUSED AND
OXIDIZED WAFER

ORIGINAL PAGE IS
OF POOR QUALITY

FORM PLATINUM
T | TITANIUM o  PLATINUM s PrOTOETCH FLRLTNgE Late
Gl DEPOSITION DEPOSITION PLATINUM TR AORLS frions
V.SUAL AND
HIP
ELECTROPLATE > ETCH o SEPARATION ELECTAICAL > "3‘;’&‘;“ s
GOLD BEAMS TITANIUM » ETCH ¥ resT eeam = PLATE
LEAD CHIP
e
y
HYBRID BBLE BOND ATTACH B
SUBSTRATE BOND wo PHE SEAL
SUBSTRATE o StaMicAD i SAPACITOR | ELECTRICAL > SEAL
INTO PACKAGE CHIPS TO EHIRE AND AND VISUAL
‘ SUBSTRATE WIRE BOND
3

Flow Chart 18,

CAPAC.TOR
CHIP

‘ COVER '

Beam lead processing and chip assembly

PROBE SCRIBE BREAK LOAD CHIPS CLEAN oPTICAL
WAFER WAF R WAFER ON TRAYS CcHIPS INSPECTION
r T PRESEAL i [ [
DIE ATTACH
A EAX
CHIP TO Hediata :é:t, QUALITY HEfae | s MR TR CENTRIFUGE
PACKAGE ASSURANCE | |
iNsPECTION ||
FLAT PACK
oIP OR
TO MEADER _
TEMPERATURE j TRIM I LEAK l FUNCTIONAL | gty
= { AT ROOM
shiezal CYCLING MARSING =% Leans TEST ELECTRICAL AN
|
AR Rt A ! W Tl (Gar - s Ll | e
N AT
e il Ly runciiona FINAL j1
TEMPERATURE tLtctmc‘u INSPECTION l

Flow Chart 19,

MOS grated circuit chip packaging process

A-17



