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Abstract

This paperproposes &mart Substrat®ulti-chip Module systemimplementation
strategy. This strateggnables incremental test afl system components and therefore
provides an alternative solution to the "Known Good Die" MCM problem. The presentation
is focused on a simple microcontroller emulator - designed and fabricated to stlmtyidest
needed as a key component of Smart Substrate methodology

1. INTRODUCTION

The Multi-chip Module MCM ) concepthas asmany enthusiastisupporters as
opponents [HaW92, Si92, FrE93nd all of themhave investigated thigelatively old
packaging idea from varioygerspectives. Resultsbtained by both "campstidicate low
volume, high reliability and top system performance as the most important potentials of the
MCM technologies. Both sides dfie MCM debate, howeveragree that theost of
MCM's may behigh - in many cases higher thdahe cost of equivalentraditional
solutions. Among expensive differences betwBlIM systems an@quivalent traditional
systems is aeedfor "known good die,"i.e., aneedfor extensive testing oéll MCM
components executed prior to modaksembly. Thisieed is especially critical in the case
of MCM systems with more than a few components. Such systeysyieldvery poorly
unlesseachsystem component is tested in a maneesuring - with a higHevel of
confidence - its proper functionality. A implementation strategyMCM Smart Substrate
System (MCM §), has been developed to address these economic i$heegoal of this
paper is to describe this methodology and to present a proM@MS3 system which
hasbeen manufactured under a co-operagikgect between Carnegiellon University
and National Semiconductor Corporation.



2. NEEDED ATTRIBUTES OF MODERN SYSTEM INTEGRATION
STRATEGIES

In last couple of yeardraditional system integration strategies have proven
inadequate - especiallwhen power,interconnectspeed or system volume habeen
critical in achievingdesired systenspecs. Consequently, systemtegrationissueshave
been discussed with growing intensitythe outcome of thesediscussionscan be
summarized in form of the following list of observations:

1. A higherlevel of system integration is amevitable necessityor a large
portion of the systems designed and to be designed in the 90's.

2. There areéwo major options forincreasing systertevel integration:(a) large
area monolithicsystems,accomplished by botlthe decrease of minimum
feature size and increase of a siee, or (b) hybridsWithin the family of
hybridsthere exist a number aptions whichinclude MCMsand advanced
PCB with IC chips directly mounted on the board.

3. Cost analyses indicate [Ma92] that large &e&1 chipsare least likely to be
winners. The most likely solution will be (a) inexpensMEMs (for the high
performance end of the market) arfld) somecombination of packaging and
PCB technology (for the high volume, lowcost, oriented segment of the
market ).

4. Momentum developed in last twenty years and inhénégllectual inertia will
still supporttraditional (i.e. usingsmaller feature size ) technologies in both
the IC andsystem integratiorarenas. Howeverthe mainstreamsystem
integration strategy will be decided by many small/medisystemhouses
which will not beable toafford submicronmonolithic solutions (requiring
billion dollar range investments).

Hence, tocorrectlyassess possibfature needs anthe direction of the evolution
of system integration onshould focus on characteristics of integration strategies
important to smaller system houses. Among these desired characteristics are:

1. The ability toprovide performance approaching performance of monolithic
systems (This is necessary ¢ompetewith manufacturers with access to
greater financial resources and are able to invest in brute-force-smaller-feature-
size solutions).

2. The ability to maximize utilization of existirtgut still soundand underutilized
manufacturing facilities ( to minimize cost ).

3. Ease of product customization or personalization and/or in-field



programmability. This is necessary take advantage of markaetches not
accessible to producers involved in high volume operations.
4. Manufacturing efficiency achieved by producing costly components in high a
volume.
5. Second source supplidlexibility (i.e. an ability to easily incorporate
components fabricated and designed by independent silicon vendors.)
The strategyossessingll these characteristics is likely to dominate the future of
the system integration arena. The key and the most difficult element of such a strategy is the
incorporation of all the above characteristics in a single implementation paradigmairhe
purpose of this paper is to propose such a strategy.

3. MULTI-CHIP MODULES

One of thewell known and frequentlydiscussed possibilities in addressing the
above listed requirements is provided by the Multi-chip Modalecept. The advantages
of this concept do not need to be recalled here. There are , however, some disadvantages of
the MCM integration strategies which need to be considered ipdpisr.They are due to
the fact that the tradition&dllCM arena isstronglyinfluenced by "packaging" perspective,
experience andechnology. Consequentlyraditional MCM's use passive substrates of
various kinds.The passive nature othe substrate on one hand enablefficient
interconnect andow cost systemntegrationsolutions. Onthe otherhand it imposes a
number of limitationswhich, incertaincasesmay outweigh benefits produced by the
low cost ofthe passive substrat&he remainder othis section analyzeshoice of the
MCM substrate from an overall system/implementation perspectioadar to set a stage
for the implementation strategy postulated in this paper.

3.1 Multi-chip Modules System Yield Problem

The passive nature of the substrate tgpécal MCM is responsible forthe MCM
systemyield problem. It has twamain aspects.The first is the "incompletely tested die
problem” resulting from théact that the baréC's used as components BICM's do not
undergofinal packaged-chip testing befoassembly. Because thelectrical environment
during wafer probe testing is very difficdtir certain speed-relatadsts,very oftenbare
dies used ilMCM assemblyare only partially testedno at-speedest). This wayfaulty
chips may be assembled into the MCM system, resulting in unacceptably low module yield.
Second is the "isolation problem" resulting from the physical inaccessibility GCth@ns



of the componentlies after mounting othe substrate. The reduced observability and
controllability of the components makes it difficult or impossible to isathips fortesting

and diagnosis once they are mounted on the substrate. The resulting inability to identify the
faulty component(s) in a non-functioning module makes it very difficulige rework
(replacement of faulty dies) as a means of increasing the overall module yield.

3.2 Multi-chip Modules with Active Substrate

Observenow thatone carview a design oMCMs from a system standpoint and
treat thesubstrate as aactive component of thaystem [ Md84, Te89, Ma92]. In such a
case, system integration strategy can be seen as a" 2.5 - dimensional " (btegrBfion
process in which active system elements are bonded one to another arteaii érform
functions which are determined by a system partitioning strategy.

The main aspects of tl#5 Dsystem integration strategyn be illustrated by an
"artist's vision" shown in Fig. 1. The system shown in this figure is assembleth@e-a
area active substrate i.e. substrate in which one @S orbipolartransistors. The
technology ofsuch a substrate ieptimized for low cost, powerand speed of the
interconnect. The performance-critical components okylstemare fabricated separately
using high volume, high performance oriented fablines. Then they are attacheddtivéhe
substrate with, for instance, flip-chip technology.

Hence, the key difference between the traditiondlCM strategy and2.5-D
integration scheme is in the application of the adiestrate. These substrates could be
designed such that:

1. Power hungry system elements will be allocated in the subs{tais.possible
to design a system with vast majority of I-O buffers inabtve substrate which
is much better than flippeslystem components as far as power dissipation is
concerned.)

2. Substratawill include extensivedesign fortesting (DFT)provisions. Boundary
scans for the testability of system's components as welt@stry for substrate
self-testing (possible before aafter assembly o$ystem'scomponents) could
be provided. One could also consider structures which increase system
observability through application of extra testing pads or similar solutions.

3. Substratewill be a universal framéor avariety of "specializedsystemge.g.
systems using ones. three floating point units or variety of memorgpacity
configurations).

There are a number of positive characteristics afystem usingthe 2.5 D



implementation strategy. First of all it would provide an opportunity for rogstnization
and flexibility in addressingnarketneeds. Note that with this scheme and appropriate
design one can prefabricate (and purch#ss)maincomponents of theystem which can
then be customized or even personalized inabsembly. For instance, the system
shown in Fig. 1 one could provide a customer whtintask optimized instructiorsets (by
appropriate design dROMs) or even personalized routines embedddeFROMs. One
could also provide variety of interfaces including A/DDBA devices of a needed accuracy
or speed.

Secondly,the proposedscheme could provide opportunitiésr achieving top
performance in a cosiffectiveway. This would be possible by applyiriige appropriate
design of both substrate and performance critical system components to partition the system
which would:

1. Use the most expensive technologyalaricateonly those components of the
system which do need amdn take advantage opportunities provided by
modern ULSI;

2. Minimize communicationbandwidth bottle necks by using asnany as
necessary connections nets between system's components;

3. Address the testing problem of traditional MCMs;

4. Address power dissipation problems.

Finally it should benoted that2.5-D systemintegration scheme could be very
attractive from a "value added" point of view. It could provide opportunities twvaldd
throughminimization of time to market throughthe ability for prefabrication ), through
optimization of hardware-software customer oriented co-design and through custom design
of small but critical portions of the system. Also this scheme should allow advantage to be
taken of the situation created in commodiitgrkets,especially the memomnarket, where
low profit margins will exist as long as there will be a need for large semicondhaises
to compete one with another.

3.3. Smart Substrate MCMs - A Solution to System Yield Problem

Note that the 2.5 D integration strategy may help to shlesystemyield problem
already mentioned andliscussed irthe literature indetail. Traditionalsolutions to this
problem assuméhat acceptablsystemyield can be achieved bysing "Known Good
Die". In other words, this approach assumes that for extra costorigompletely” test
IC diceand in this waythe probability of thesystemfailure can be kept at an acceptable
level. (Discussion ofthe correctness of a such assumption is beythiedscope of this



paper.) The solution to the MCM system yield problemposed in thigpaper is based on
the opposite assumption i.e. an assumption that MCM system component®angletely
tested and therefore system integration strategy should accommodate defectiviehdige
affecting systenievel yield. Such strategy, usingpncept of2.5 D integration schema
describedabove, isthe main subject ahis paper. It is based dhe assumptiorthat one
canuseactive substrates to perform testing and assembly in a "swant, allowing the
detection of defective dice instead of demanding defectditee The MCM system which
incorporates the abovesmart” testing strategy isalled in this paper "Smart Substrate
System".

In general terms the SmaBubstrate System $5MCM is an active substrate
MCM designed and fabricated with system/component testisiges in focus. More
specifically the smarsubstrate integration strategy postulated in this pagesumeshat
active substrate is used - among other things - to perform incremental assembly and testing,
conducted in a manner allowirigr the system/componeigvel testing after each new
component is connected to already operational portion of the assesybteth. Such key
functionality can be achieved in a number of different ways. One of them is the application
of a boundary scan (or BIST) the activesubstrate. Another onewould be circuitry
facilitating directaccess of internadystem pins througkhe systemlevel I/Os. In both
cases, one would be able to test newly attached dies and in this way:

1. Enable efficient testing dfoth system components and system-component
interfaces.

2. Preclude assembly of incompletely operational system components.

3. Enable rework immediately after detection of a detective component.

The major potentiatirawback ofthe SmartSubstrate concept ibe cost of the
substrate itself, especially because its large size makes it suscepliventanufacturing
yield. A key premise of the Smart Substrate condepiever, isthat theMCM substrate
will have a relativelylow density ofactive components, whichwill allow relaxed design
rules to be used andlill lead to acceptable levels gfeld. Thispremise is based on the
fact that not the substrate size, but the active area will determitevéhef substrateyield
loss. Since thesubstrate performs only routing and support functionghiercomponent
dies, the area of the substrate which is actually utilized is expected to be a small fraction of
the total substrate area.

Note that the tradeoff which determines economic viability of smastibstrate
concept involveswo cost componentshe cost ofthe substrate itself an@otential yield
gains which can be achievéaroughthe testing features implemented in thébstrate. A
cost modeling technique capturinige above trade-ofhas been proposed [GaMT94].



Details of thestudy using thismodel are outside thecope of this paper.The main
conclusion of this study indicatebpwever, that for many system configurations and
performance requirementdlCM Smart Substrate System technology provides an
economically-attractive alternative to system design methods being empbolgsd It was
therefore worthwhile to further investigate the technical aspects of the implementatidn of S
MCMs. The remainder othis paper summarizes a design csg&ly involving asmall
Smart Substrate System.

4. MCM SMART SUBSTRATE SYSTEM CASE STUDY

A prototype MCM Smart Substrate Systehasbeen designed and fabricated to
demonstrate the technical feasibility of €M S3 methodology and studihe basic
circuit solutions whichmay be needed in compld®CM Smart Substrat&ystems.This
section presents summary of the obtained results.

4.1. System Description

The implementedprototype is a functional equivalent of Natiors¢miconductor's
hybrid microcontrolleemulatorCOP881CMH. It is composed of twapmmercialdies
(National Semiconductor COP820 microcontroller andAamel 64k EEPROM) which
were bonded to a custom-desigr@dOS substrate carrier.The activesubstrate contains
both the interconnect and glue logiecessary foappropriate communication between the
commercial dies and "Smart" testilagic. The testing logic can besed toincrementally
test the system components (including the substrate) during system assembly.

Figure 3 shows a drawing diie topview of the prototypesystem assembly. The
whole system is packaged in a 132-pin ceramic pinagriay. The SmariSubstratedie is
wire bonded into thipackage, anthe two commercialdies are glued andvire bonded
onto the already-packageslibstrate die(The decision tause wire bond assembly for the
prototype systenwas driven solely by technology availability.) Figure shows a
photomicrograph of the manufactured, assembled system.

The basic microcontroller emulatsystem is shown in Figure 5. Figuresiows the
details of the glue logicircuitry. The glue logiowas designed to suppdhreemodes of
operation: direct memorwrite, direct memoryread, and COP-memory communication
during normal system operation.



4.2. Testing Strategy

In addition to the basic circuitrghown in Figure 5the prototypesystem also
contains Smart testing logic. It was designed to provide:
1. Separate direct access to each die in the system;
2. Boundary-scan testability of both component dies and the substrate
interconnect and glue logic;
3. Boundary-scan testability of the enhanced-memory controller system as a
single circuit (for potentially facilitating subsequent board test);
4. Selective control of which sections of the system are powered during testing.
The above features enable individual testing of each component within gofufigrtially)
assembled MCM$

Figure 7 shows the full circuit block diagramtb& prototypesystem,including all
built-in "Smart" testing features. The clgpn be operated in any of teepportedesting
modes or in "normal mode", in which no testing features are enabled.

The most basic othe testingnodesimplemented is direcaccess. Thisnode is
controlled by a single "direct access" control signal which is accessibletli@iICM
package boundary. In this mode, all pins of the COP chip and all pthe afemory chip
are accessible through packagies. ( In aargerMCM S3 this option woulchave to be
modified since théotal number ofMCM packagepins may not be sufficient t@ssure
direct access for all system components at once.)

The boundary-scan testinfgature is realized by three separéit@undary scan
chains, each dedicated to one component ofyistem. (In darger system design access
to these chains would be coordinated through a central test contrdliex)oundary scan
cells implemented in this prototype support the JTAG-compatible test functions of INTEST
(for isolated testing of dies itne system),EXTEST (fortesting the communication logic
implemented in theubstrate die)and SAMPLE (for taking asnapshot othe system's
operation as it runs at speed).

Finally, the Smartogic in the prototypesystem allows foselective connection of

power tothe chips inthe system. Thideature facilitates incremental tettiring system
assembly, and also allows for selectiggd testing of components in the system.



4.3. Testing Circuitry

The above described testing strategy have been implemented using folbrauity
solutions.

4.3.1. Boundary scan cells

There are three basic variations of ttmundary scarcell which are used in our
design.The first is placed in uni-directional signglaths which always run from the
substrate to a die (or to a package pad). The second is placed in uni-directional paths which
run from the in-system chips (packagepads) tothe substrateThe third is placed in bi-
directional data paths. Each of them has the following features.

Uni-directional boundaryscan cells. Figure 8 showghe details of the die-to-
substrate and substrate-to-die boundary scan cell. tNaten both cases,the "normal”
circuit connection through the cell conducts only when the boundary scan chain is neither in
INTEST mode nor in EXTEST mode. Note also that in each cell, the scannable latch drives
onto the system signalline only as appropriatdfor each testingmode. Figure 9
comprehensivelyshows the connectionsvhich are implemented iboth uni-directional
boundary scan cells for each mode of operation of the test circuitry. tirdéiengs in this
Figure,the emboldened lines represent teuit paths whichare conducting, foreach
testing mode.

Thebi-directionalboundaryscancell. In our design, as iSmartMCM systems in
generalthe bi-directionaboundary scawells pose gparticular problem. The problem is
that there is often no control signal which clearly states whether a bi-directional pin on a die
is driving or sensing at angarticular stage of thdie's operation. For example, ithis
prototype system, the COP chip G and L (B&p 5) portsmay be configuregin-by-pin
to be either output or input ports on the chip. The directionality opitiee intheseports is
determined by a valustored in a memory-mapped status regigtégrnal to the COP
processor. There is, therefore, no simple wagletie@rmine whether the G andplbort pins
are input pins or output pins at any particular stage of the system's operation.

In generalthe bi-directionaboundary scaiells must be designemssumingthat
signals can be driven in either direction on the signal buses. Tta myundary scawcell
cannot contain any directional circuitry in the data fgatith adri-statebuffers), since in
general it is impossible to generate a control sifmakhe enable input of the tri-state
circuitry. Note that this problem is not addressed by the IEEE JTAG test standard, since the
boundary scan cells in this standard are assumed always to be implemented internally to the
chips. Hence, there will always be a control signal which indi¢chéedirectionality of any



given pin on the periphery of the chip.

Therefore,the Smart bi-directionaboundary scarcell may introduce only a
transmissiongate into thedatapath.The transmissiongate conducts fornormal circuit
operation andloes noiconduct during INTEST and EXTEST testingodes.The circuit
schematiovhich implements the bi-direction&loundary scaell is shown in Figure 10.
The scannable latch used in the bi-directional boundary scan cell is the sameuasdhat
the uni-directional cells.

4.3.2 Selective power connection

Finally, our prototype system allows for selective connection of powhaetthips
in thesystem. Thideature facilitates incremental tekiring system assemblgince any
subset of (not-yet-populatedhip sites in a Smart systeran be leftun-powered during
testing.

The prototypesystem was designed fand manufactured in a p-we€CMOS
technology. Thereforeydd is global to thesystem substrateThe selectivepower
capability was implemented by partitioning th&ND network inthe prototype. Four
partitions were chosen: one GND net for each of the €Iy, the memorychip, the glue
logic, andthe substratedie paddrivers. Inall casesthe power connections for boundary
scan cells (andirect accesgransmission gategre associatedith the nearessubstrate
paddriver. In Figure 11the lightgray shading illustrates which components of version
two of the system are powered by each separate GND pin.

4.4. Testing Strategy

The incremental tests for Smart Substrate System prototype ( gederal to any
MCM S3) is envisioned as being performed in three major steps:

Stepl. Testingof unpopulatedubstrate.

In this step (performed as a probe testtlwawafer with the substrate dies) one
should determine fault free operation of ttseibstrate itself. Irnthe case of the
prototype system described in this paper such goal is accomplished by using:

- boundary scan testing of the in-substrate glue logic in EXTEST mode

- boundary scan chain function as shift register

With the extra testingins one also would bable toperform testing of
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direct access mode of testing by probing continuity fparckagepins to
chip pins.

Step2. Testingof partially populatedsubstrate
In this step, performed on thesubstratedie assembled in th&®ICM package,
subsequently attached chips could be tested for :
a. 1/0 continuity;
b. Functionality;
c. Communication with previously attached system components.
For this purpose one could use boundary scan or direct access circuitry.chse
of the prototype system discussed in this paper wstimg could be performed on
the substrate witheither memory or COP chip attachétbr memory testing one
would perform:
- all tests described in Step 1 and
- memory test through the glue logic;
- memory test through direct-access for all functionality;
- boundary scan access to memory in INTEST mode - writing and reading.
For COP testing one would perform:
- all tests described in Step 1 and
- test of interface with glue logic through boundary scan access to COP chip
in
INTEST mode;
- direct-access test for COP functionality;
- system partial test by clocking COP chip and using boundary scan logic to
SAMPLE signal values in the system.

Step3. Testingof fully popuatedMCM S3

In this step finalsystem tests testould be performed. Essentially, gould be
executed as a standasglstem tessupported bythe boundary scan. lmddition
direct access testing could be conductedvalf. This option could beused for
system diagnosipurposes. Irthe case of microcontrolleliscussed in thipaper
one could perform:

- direct access test of each chip in system individually;

- boundary scan test of each chip in assembled system (INTEST mode);

- boundary scan test of glue logic in assembled system (EXTEST mode)

- at speed system test using boundary scan and SAMPLE operation running the
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system at full speed.

Notice that by executing test in the abavenner, i.e. bycombining test and
assembly operations, orman detect faultycomponentsmmediately afterassembly.
Consequently, diagnosis and rework siraple and much more effective maximizing this
way system level yield.

4.5. Future Possible Testing Enhancements

Application of the activesubstrate inthe MCM systems provides &arge
spectrum of testing opportunity niotplemented in thé1CM S3 described in this
paper. Some othem should be mentioned, however, toghlight positive
characteristics of the Smart Substrate concept.

First, and the most obviousenhancement of the testing methodology
discussed in thisectionwould be application of memory andhicro-processor
BIST built directly into thesubstrate of aMCM S3. Second would benhanced
control over chaining ofhe differentsubsets of boundary scan cells. Teostrol
should be encapsulated in a single test access port controfeditional
functionality could also be added to conform to the standards implemented in the TI
SCOPE TesBus ControllerdTe91] and Probehip [Ba92] architecturel-inally,
sophisticated application of JTAG-compatibleundary scan within aMCM S3,
including compatibilitywith new JTAGmixed-signal testabilitystandardsIEEE
1149.5] should also be considered

The other area of opportunifgr MCM S3 applicationwould be indefect-
and fault-toleransystems. In such systers-the-fly error sensing ancbntext
saving using BIC sensors for concurrent system monitoring could be used to detect
and predict failure of system due to latch-up, transient radiation faults, etc.

Notice, finally that with MCM S3 all of the above testing optionsan be
availablewith out redesigningystem's component$his indicated thaMCM S3
enables "virtual'BIST technique which could bapplied with "non-BISTed"
components.

5. CONCLUSIONS

To motivate the study presented in this paper it was determined that the keys to the
economical manufacture of MCMs will bg) the ability to test bardies at speed for the
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system environment into which they will Bssembled, (2)he ability to makeuse of
existing dies (without modification) ithe design anMCM system, (3)the ability to
inexpensivelyre-work the placement obystem-killing bad die(s) in aMCM during
system assembly, and (fhe ability touse dies of aariety of fabrication technologies in

the samesystem.The prototypeMCM Smart Substrate system described in this paper
represents the results of the first implementation study of a design methodology which has
the capability of addressing all of these issues in a cost-effective manner.

Through thisstudy, the feasibility of MCM Smart Substrat&Systems haseen
demonstrated. Furthermore, a number of circuit design issues, fabiltate independent
testing of a partially-assembleystem,have beersolved as alirect result of having
undertaken this study. Finally, it should be noted that initial cost analyses conducted during
this study have indicated that MCM Slesigncan be an economically-attractive alternative
to traditional MCM, PCB or WSI systeimplementation technologieghich are currently
being utilized.
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Figure 2. Essential attributes of a system implemented with 2.5-D integration scheme.
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Figure 3 — Prototype system packaging technology. (a) PGA package top view and (b)
wire-bonding cross section with dimensions (not drawn to scale).
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Figure 4 — Photograph of the Smart Substarte prototype.
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intest NOR extest

lead from in-system di

to substrate

4 extest

(b)

intest NOR extest

» lead to in-system die

from substrate—

intest

(©)

* serial data in

parallel data in—p +—P» parallel data out

* serial data out

Figure 8 — Implementation details for uni-directional boundary scan cells. (a) boundary
scan cell: die-to-substrate connection. (b) boundary scan cell: substrate-to-die connection.
(c) scannable latch subcell.

bscan_phil, bscan_phiz—»

bscan_load, bscan_load2—>>
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Bscan die-to-substrate connection Bscan substrate-to-die connection

Normal circuit operation
— —P

S~
l \Bscan cell l Bscan cell

SAMPLE (testing system operation)

~~ ~~
l Bscan cell l Bscan cell

INTEST (testing die operation)

~~ ~~
l Bscan cell l Bscan cell

INTEST (testing die operation)

~~
l Bscan cell l Escan cell

Figure 9 — Testing modes of uni-directional boundary scan cells.
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, intest NOR extest
l>|< -
>

die2sub

intest AND die2sub_bar

v
extest AND die2sub

e e - - cell bscan_load = bscan_léadD
{(intest NOR extest)
OR (intest AND die2sub)
OR (extest AND die2sub_bar)}

(a) The bi-directional boundary scan call

* serial data in

parallel data in=—j- P parallel data out

* serial data out

(b) Scannable latch subcell

bscan_phil, bscan_phi2—>>

bscan_load, bscan_load2—>>

Figure 10— Circuit schematic for the bi-directional boundary scan cell. (a) schematic and
(b) scannable lach subcell.

-23 -



adA1010.4d 1rews 8y Ul SUOND3UUOD punols) — TT ainbi4

]
" T
ol meas Wod measg = .m. _m = _m_ e, dod Teasg
! = _.u. =
m adexeg Ao fuomagg % 2 - % o e M Ao oo
A A A )
| | | | | | A eqo|B
CH 3 PPA 1eqoj
(IHEy AT (QHE doo
_ I _
JHS WA aNo doo
-l — L] AT -0 ol I g I |-l
LTH M H _N_M T e
| #LHY |-
[ | _ HILTC)
k2D M 9 Hpg T 028 400 M M 1Sy
ol an U [feor (09 | ~
# / _N_ -
; = N A | T2 o
*d0 H N 09
0T [ -

FER008 AP F1-0F

|-

[

|
~
o
-

R HH L HER 1 R | ] |

X
y

—L 1=
X
X

g0 Jd

0 Iq

ANS ped wsalsAs

-24 -



-25-



