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Introduction

[ntroduction

The great technology advance in the microelectramitustry has permitted to
jointly integrate digital, analog, RF and even MER&nponents. Therefore, complex
systems can now be designed and integrated as. Gugh design concept reduces
the global size of the system and increases if®qmeance as well. These two major
features explain the great success of System-op-(&®C), and the growing up of
the System-in-Package (SIP) market, despite theasmg complexity in design and
test tasks.

Testing is required to guarantee fault-free proslubecause of unavoidable
manufacturing imperfections. In fact, the test \asti plays a key role in the
production process of integrated circuits by itdigbto differentiate good devices
from faulty ones before delivery to end-users, ali as to improve the manufacturing
yield, by giving quasi real-time feedback. Basigalesting consists of two processes:
the test generation and the test application. €sedgeneration designates the process
of providing appropriate test stimuli, whereas tiagt application refers to the process
of applying these test stimuli to the circuit inpuand analyzing its responses.
Traditionally, the first test application is penfioed at wafer level using contact-based
probing technologies.

However, as the integration density of the SIP/S&@@Gtinues to increase, test
generation and test application becomes more ané ocwnplex tasks. Particularly,
the current test application solutions based ombipgptechnologies suffer from many
drawbacks such as limited parallelism and test, costong others. Moreover, SIP
testing leads to new challenges. Conversely to S@@re cores and interconnects
are tested after manufacturing of the whole syst8iR, may require intermediate
testing. Indeed, early binning during manufacturprgvents the assembly of good
dies on faulty systems. However iterative testiguires multiple touchdowns on the
test pads and induces scrubbing. For that, newirmgotechnologies have been
developed to push the mechanical limits forwardweler, even with the advancing
probing solutions, the contact-based probing teples will not be able to catch up
with the SIP/SOC test evolution.

In this context, we propose an original test methased on wireless transmission.
It consists in adding a unique Wireless Test Cdrdtock (WTCB) in every Device
under Test (DUT) to provide wireless communicatitretween the tester and the
DUTSs on a wafer and to apply the test. This oribmiaeless solution is not based on
any previous work, and is brand new with resped¢h&*“related” methods based on
wireless/non-contact transmission.

In this document, Chapter 1 describes the trendsardesign and test of SIP and
SOC systems, and gives an overview of the maimtegsues encountered at every
manufacturing step. A state-of-the-art of “relat@dirk is also given in this chapter.

Taking advantage of the wireless transmission, desa can be broadcasted, in
packets, from the tester to all DUTs on the wafewiging full test parallelism. The
WTCB, integrated in the DUT, is in charge of extnag test signals from received
packets, controlling the test at DUT level and segdback the DUT test responses to
the tester. The WTCB communicates with the inteauauits of the DUT through
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JTAG interface. Its architecture includes a wirelesmmunication module to handle
the wireless transmission, and a Test Control BI¢TKB) to handle the test
application. Chapter 2 is dedicated to the debnitf this new wireless test approach,
and the proposed WTCB architecture. The structlitheoexchanged packets is also
given in this chapter.

Chapter 3 reports validation experiments. For the, elaborated a dedicated
wireless test platform, based on the use of FPGAscal his experimental platform
emulates a tester and a WTCB embedded in a DUTer8legxperiments have been
conducted with this platform, among them a wirekess of a real circuit (ASIC) was
successfully performed. In this chapter, the cotetliexperiments are described and
their results are discussed.

Finally, the proposed method is extended in Chaptera larger application field,
namely in-situ testing. The main issue is the remastcess to the targeted. In most
cases, such as medical implants, or automotiveicgipins for instance, it is
practically impossible to have a direct accesshi targeted device. A possible
solution for such cases consists in embedding gumoppate test interface in the
system. In Chapter4, we describe how the propos@@BY initially developed for
wafer testing, can be also adapted to such context.
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| SIP and SOC testing

.1 Introduction

Electronic systems are going to higher complexitiegrating ever more complex and
numerous functions under ever more pressure for @muction. With advances in
semiconductor manufacturing technology, tkgstem on chip(SOC) technology
represents a viable solution to reduce device tosugh higher levels of integration,
while keeping the hardware design effort in reabtaémits, in particular thanks to the
so-called reuse strategy. In parallel, the pustatdesmore functionality in a single small
“box” requires the integration of heterogeneousices that cannot be intrinsically
achieved in single-technology SOC. In this contextstem in packagéSIP) clearly
appears as the best alternative to integrate rnoitibns in an equal or smaller volume.

A good illustration of this global trend is givey bellular handset. Today, a cellular
design must support multi-band and multi-mode iditwh to Bluetooth networking,
global positioning systen(GPS), wireless local area networKWLAN), without
mentioning user applications such as games, auahd, video. This miniaturized
application pushes the need for both SOC and SiRi@us to solve the problems related
to the integration of highly complex design in aom®omical way.

.1.A SOC and SIP differences

The SOC refers to integrating the different compds@f a system into a single IC.
These components can be logic, memory or analagsc@eing a single die, an SOC is
consequently fabricated using a single processnt#agy. In addition, it has a single
level of interconnections from the die to the pagkagads or to the interposer. The
interconnection technologies used are wire bondimflip chipping. Figure 1-1 presents
an example of a SOC.

Figure 1-1: SOC example

An attractive alternative for system integrationhie SIP technology. The SIP concept
started with the development wiulti-chip modulgMCM) in the 1990s. At that time, a
typical MCM contained memories and a processorcesihen, the capacity of integrating
several dies into a single package has continuétctease over time. Nowadays, a SIP
may include analog and RF dies in addition to lagid memory ones, and evencro-
electromechanical syste(MEMS) components. These various dies/componeanisbe
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fabricated with different process technologies,hsas CMOS, BIiCMOS, or GaAs. In
addition, they are interconnected with multiple disv of interconnections: from
die/component to die/component, or from die/comporie the package pads or to the
interposer. Several interconnection technologies loa used for this purpose, such as
wire-bond, flip-chip, stacked-die technology, oy@ombination of the above.

An appropriate definition of a SIP is given in timernational Technology Roadmap
for Semiconductors published by Semiconductor Ifrgudssociation, where a SIP is
defined asany combination of semiconductors, passives, atetdonnects integrated
into a single packaggSIA 2005]. This definition covers all the SIP tewologies, which
differ in their type of carrier or interposer intlrd for holding the bare dies (or
components) and the type of interconnections betwesmponents. The carrier or
interposer can be a leadframe, an organic lamimatsilicon-based. Another possibility
IS to stack components on top of each other [Ca20@7]. Figure 1-2 shows an example
of a silicon-based SIP fabricated by “NXP Semicartdrs”, and characterized by:

- A passive die serving as platform for the activesyn
- High level integration of passive components inghssive die.

.L1.B SOC versus SIP

The continuous advance in CMOS technology has kmkntly to a successful
migration of RF and analog circuits from BiCMOSHhaology to a full CMOS solution.
This important transition in the IC fabrication h@eymitted to a system with logic, mixed
and analog functions to be designed as a singlad@®ely as a SOC. As consequence, an
interesting debate is launched: which is the be#ehnnology for a given system, to be
designed as a SIP or as a SOC? Clearly, the biettbnology is dictated by the
specifications and the constraints of the interglesiem. In the following we give a brief
description of the main characteristics of bothhtextogies, which are carefully
considered by the system designers when they chibes&IP or SOC technology for
their design.

With the SIP technology, the system can be designsborter time than a SOC. Each
die can be separately designed in his most suiketinblogy. Moreover, the SIP
technology enables the plug-and-play approach. &ample, considering an RF
application system made of RF analogue mixed sigmal digital dies, different RF
designs can be done for different applicationsheit changing the baseband chip
[Wilson 2005]. However, a system fabricated as R Sl often more expensive than a
SOC. fact, a SIP contains multiple pre-tested died passive components. They are
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assembled together by a complex assembly procéssewnany different interconnect
techniques may be used for wire bonding and flijp-donnections. In addition, the SIP
technology uses some complex assembly processéscthidd reduce the system
reliability, which is not the case of a SOC.

As result, the SIP technology seems to be moraldeitfor systems that have short
production cycles, or for systems with short tirnaytarket. For example, in mobile
phone applications, the system integrators cantigetoconclusion that integrating existing
and availablantegrated circuits(ICs) into an SIP is often much easier and fastan
creating new SOC designs [L-T. Wang 2008]. On tteerohand, the SOC seems to be
more suitable for high production volume, or fopbgations intended for a long run.

Anyway, both SIP and SOC manufacturers have toen#is¢ technology. This is one
of the essential points to provide a reliable podwith the desired performances.
However, this is not sufficient to provide a highatjty product. In fact, due to the
unavoidable flaws in the materials and masks usethé IC or SOC fabrication, a
physical imperfection may be generated, leading tiefect in the fabricated IC or SOC.
Similarly, during SIP fabrication several defectaymbe generated by the assembly
process. Thus, any fabricated IC, SOC or SIP issidened to be defect prone. In
consequence, all fabricated circuits and systenmst beitested in order to filter the good
from the defected ones. The following subsectioasents an overview of the test
principle and basics, focusing on digital IC tegtin

1.2 Test principle and basics

In the microelectronic industry, a manufacturealsways interested to deliver a high
guality product to its clients. For that, the falted circuits must be sufficiently tested
before delivery. That is a must to maintain a geedutation, and to minimize the
customer compliant as well. The good circuits askvdred, while the faulty ones can
possibly undergo &ilure mode analysi§FMA), which is typically used to improve the
production yield, by giving a feedback to the prodengineers in charge of the processes
and products monitoring and improvement. The yielda manufacturing process is
defined as the percentage of acceptable parts aalomgnufactured parts:

Numberof acceptabl@arts

yield = -
Total numberof partsfabricated

In the following, we give an overview of digital I@sting, where we describe the
processes of test data generation and the equiprfaertest application. Next, we present
the main features that are added to the IC desigmder to improve its testability, before
ending this subsection by detailing the JTAG boupdaan technique.

[.2.A ICs Test principle

Testing typically consists of transmitting testvatili to the inputs of thelevice under
test(DUT), while analyzing the output responses, astitated in Figure 1-3. The DUT
term designates an IC, a SOC or a SIP undergotegtaDUTs that produce the correct
output responses for all input stimuli pass thé¢ &l are considered to be fault-free.
Devices that fail to produce a correct responsangtpoint during the test sequence are
assumed to be faulty.
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Inputy : Outputy
Input | OPUL L pevice |—-iRU ] Output

Test .| Under Test " | ResponsePassiFail

Stimuli |_Input =  (DUT) Outputr = | Analysis

Figure 1-3: Basic test principle [L-T. Wang 2006]

In digital IC testing, the test stimuli consist @fset of input patterns applied to the
DUT. Each input pattern is a combination of logis dnd O’s, called #est vector Thus,
in order to test a circuit with inputs andn outputs, a set of test vectors is applied to the
DUT, and its responses are compared to the knowd gesponses of a fault-free circuit.
Two processes are required for this purposetdbegeneratiorand thetest application
The test generation is the process of producingvesors for efficient testing, whereas
the test application is the process of applyingéhest vectors to the DUT and analyzing
the output responses.

I.2.A.a. Test generation

Three approaches can be used in test generatibaustive, structural and (peudo)-
random approaches. The exhaustive approach consispplying all possible input
combinations to the inputs{&put patterns for an n-input logic circuit). Tragproach
detects 100% of static defects that may exist iombinational circuit; and the
generation process is very simple. However, thistejy is not efficient for sequential
circuits that require an ordered set of test vector every defect, which are necessary to
reach required internal states. Thus, thengut patterns are not sufficient for sequential
circuit testing. In addition, the test applicatiprocess is too time-consuming in case of
large value of n.

A more practical method, called structural testimgsually used for test generation.
Based on circuit structural information, this apmio uses a set of fault models to
generate specific test patterns dedicated to tteztien of these faults.

A fault model is an engineering model describing gossible physical defects that
can occur in the fabricated device at a higherllefabstraction. By using fault models,
the test vectors can be automatically generatedelicated softwares. Common types of
fault models are:

1. single and multiple stuck-at faults affecting thets of signals on the logic
circuit lines,

2. delay faults that cause excessive delay alonghg pat

3. Transistor faults (stuck-open, stuck-short) thauhs in memory or non-logic
behavior on gate outputs, open and short affethiagircuit wires.

A description of a single stuck-at fault is detdiles an example (see Figure 1-4). In
this model, only one line in the circuit is faulty a time. The fault is permanent, and its
effect is as if the faulty node is tied to eitheg Ystuck-at-1 or s-a-1), or Gnd (stuck-at-0
or s-a-0). This model supposes that the functioth@fgates in the circuit is unaffected by
the fault, this leads to a reasonable number difdaqual to 2*k, where k is the number
of signal lines in the gate-level netlist of thecait.
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Figure 1-4: (a) True table of the fault-free AND gé#e, (b) fault model: s-a-1 on input
A, (c) True table of the faulty AND gate

Using a fault model, the test generation begingybyerating the faulty list, which
contains all the potential faults. Then, a faulsédected for test generation, where an
automatic test pattern generatPATPG) is used to generate a test vector forghlected
fault. Once generated, fault simulationis performed to determine all faults that are
detected by this test vector. Those detected faarks marked off of the list (fault-
dropping). Then, another fault is selected from tbmaining undetected faults in the
faulty list, and the previous test generation stagsperformed for this fault. This process
is repeated until all the faults in the list arerkea off, or the ATPG is unable to provide
a test vector for the remaining faults. This iggtrated in Figure 1-5.

Select a fault

§_> Device | Generate g S'a'é for test
C—>  Under the faulty _S'a' generation
E_> Test list .
) A— f—
e ==
C—>
Y Asal LOOP: select an ED —
B s-a-0 undetected fault
v . for fault
V/ . simulation
s . Generate a test
EXIT . vector for this fault
(ATPG)
Mark those
detected faults
off of the ]?St As-a-1 - ABCDE
(fault-dropping) D s-a-0 Generate a list of 01001
Ns-a-0 other faults detected
by that test vector

(fault simulation)

Figure 1-5: test generation process

Structural testing provides high quality test semes, particularly for combinational
circuits, but may require large CPU time. The psscean be shortened using the
(pseudo)-random approach as preliminary step. Rardst vectors are first generated in
order to remove the “easy to detect” faults frora taulty list. Easy-to-detect faults are
those that can be detected by a large number biéesors. In consequence, a vector
generated randomly is likely to detect some ofehessy-to-detect faults. A new pseudo-
random test vector is generated until several Sstoe generations fail to provide a test
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vector detecting new fault in the list. At this pbi the process switches to the
deterministic and structural approach in order éaagate test vectors for the remaining
“hard-to-detect” faults.

Not that test vectors are generated for detectiofadts and not defects. In other
words, a test sequence including all the necessaetors for detection of faults in a
model, stuck-at faults for instance, cannot guamanthe detection of all possible
manufacturing defects.

[.2.A.b. Test application

As already mentioned, the test application desgmahe process of applying test
vectors to the DUT and analyzing output respon3éss process is performed by
automatic test equipmen{ATE), which contains typically the following main
components:

1) A powerful computer: it represents the interfaceMeen the user and the tester,
stores the test program, including test data amsgoreses, timing and level
information.

2) A main frame and/or a test head: it include(s) th# electronics that are
necessary to perform the test (level and timingegaors, power supply, vector
memory, all necessary pin electronic for drivingl aeading values on the tester
channels). Under the control of the test progrdma,téster electronics translate
test patterns into corresponding electrical wavatowith the desired shape and
timing, compare (or measure) DUT output responsesxpected values, and
return pass/fail information to the computer.

3) DUT board and probe card: they are used as arfangbetween the electronics
of the tester and the DUT IOs. Their goal is tovite electrical paths for power
supply and test signals transfer between the tetetronics and the pads of an
IC on a wafer or the pins of a packaged chip dutiesting. The contact
elements of the probe card are called probe tips.

The ATE may contain other resources sucldiggal signal processor¢DSP), used
for analog testing. Regarding the various companehtan ATE, this later can be very
expensive. The pin electronics and the correspdnpleive card are typically the most
expensive part of the ATE.

To summarize, the digital IC testing consists imegating logic values of the test
vectors (ATPG program), based on fault models. AfEAsS used to apply those test
vectors to the DUT and to analyze the output respenDepending on the complexity of
the DUT, the test generation process may take@tiore to generate a set of test vectors
detecting all faults; in some cases, some faultsane undetectable, which reduces the
test quality.

In order to decrease test generation and testcapipin times and to enhance test
guality, testability-related design rules are uskeding the circuit design. This will be
explained in the following subsection.

[.2.B Design for testability

Integration of design and test consists in considetesting early in the design flow.
This task is referred adesign for testability(DFT). Related techniques are usually
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classified into three categories: Ad-hoc DFT teghes, Scan design, amhdilt-in self-
test(BIST).

[.2.B.a. Ad-hoc DFT techniques and Scan design

The goal of such techniques is to enhance the ddjgsbof controlling and observing
the poorly testable nodes in a circuit. Doing ke, test generation is easier, the quality of
test is improved, and the test, debug and diagrasés are simplified.

Ad-hoc methods target the difficult-to-test prosaof the circuit and consist in adding
dedicated circuitry (test points) for controllatyiliand observability improvement. The
test points allow to access circuit internal nodiesctly.

Scan design is the most common DFT technique usesefjuential circuits. All or a
part of the storage elements (latches or flip-flapsthe IC design are made externally
controllable and observable. An extra circuit slgeelled scan enablds added to the
design. When asserted, the storage elements, cadbed cells, are stitched together to
form one or several shift register(s), called sclaain(s). Each scan chain is connected to
one primary input and one primary output. Thus,aapitrary pattern can be serially
entered into the chain of flips flops, and the estat every flip flop can be read out.
Therefore, the problem of sequential testing besoaree of combinational logic testing
only, leading to an easier test generation procass,better test quality. An example of
full scan design circuit is shown in Figure 1-6.

— — — —
Combinational Combinational
—> . — —> . —
logic logic
— —» — -

L A L A L A
DI DI DI

5D QJ LD QJ LD QJ S ———s1 Q SI Q SI Q SO

Y i el e S e il ke il

SE
(a) (b)

Figure 1-6: sequential circuit (a) designed as fuican circuit (b).

Another important technique based on test datalssiion is the JTAG boundary scan
test introduced for board testing. Since our wquesented in chapters 2 and 3 of this
document, is heavily based on this technique, [dter will be described in details in
section 1.2.C.

[.2.B.b. BIST techniques

The BIST is a design technique consisting in iraégg in the DUT dest pattern
generator (TPG) and armoutput response analyz¢©ORA) in order to perform testing
internal inside the IC. The TPG generates the \estors applied to the DUT inputs,
while the ORA automatically compacts the outpupoeses of the DUT into a signature.
The operations of the TPG, the DUT and the ORA astrolled by a logic BIST
controller. This later provides all the necessanjrtg control signals to ensure a correct
testing operation. Once the BIST operation is ceteplthe BIST controller provides a
pass/fail indication after comparison of the fiegnature with golden signaturefigure
1-7 shows an example of DUT with logic BIST struetu
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TPG
Logic BIST
Controller DUT

o

Figure 1-7: typical logic BIST structure

Clearly, the BIST technique generates an impoidaed overhead, since it implies the
integration of the TPG, ORA and logic controllertive DUT. However, BIST techniques
offer many advantages that can favorite their use:

- In fact, the test time is reduced with BIST. In sequence, the test cost is reduced
on its turn, which alleviates the cost of the arearhead.

- BIST techniques permit to avoid the use of highemgive ATE, as most of the
tester functions reside on-chip itself.

- BIST techniques offer the possibility to performediable test of internal circuit
components, in case of limited external accesshé@grimary inputs.

- BIST can be used from wafer to in-situ testing.

[.2.C JTAG boundary scan

Thejoint test action grougJTAG) TAG was an industry group formed in 1985jah
has developed a specification for boundary-scatingeshat was standardized in 1990
[IEEE 1149.1 Std]. In 1994, a supplement contair@ndescription of thboundary-scan
description languagéBSDL) was added to the standard. Since that tihAG has been
adopted by major electronics companies all overwbdd. Applications are found in
high volume, high-end consumer products, telecomaation products, defense systems,
computers, peripherals, and avionics.

The boundary-scan test architecture provides a snaarest interconnects between
integrated circuits on a board without using phagisiest probes. Its basic idea consists in
adding scan registers to the inputs and outpuSxfas shown in Figure 1-8.

Boundary scan registers

/ AN
I I I I I

Internal logic

Figure 1-8: basic idea of boundary scan

The boundary scan cells of ICs on the same boadnéerconnected into a single
boundary-scan chain (see Figure 1-9). Through thisin, the I/Os of each IC are
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controllable and observable via serial scan andt€afypdate operations. Thus, a
pattern can be applied to the circuit inputs, amel tresponse can be read out via the
boundary scan chain. This can be used to testoldered ICs on a board, as well as the
interconnections between them.

Boundary-scan cell o\ canchai  System interconnections

/\ / |

Serial / N\ |
data in

| Internal Iogic| | Internal IoJ}ic|

| Internal Iogic|

Serial | Internal Iogic|

data out

Figure 1-9: a board containing four ICs complying with boundary scan

[.2.C.a. Test architecture and procedure

In addition to the boundary-scan register, extnatr@d circuitry is implemented. The
boundary-scan circuitry can be divided into fourinmazardware components:

* A Test Access PofTAP), which represents the circuit test interface

* A TAP controller(TAPC), which is a 16-states finite-state macttime controls
each step of the boundary-scan operations.

* Aninstruction register(IR), and its associatetecoder

» Several test data registers, including mandatagister like aBypassegister, and
some optional registers lildevice-IDregister.

Figure 1-10 shows the architecture of a boundaay sompliant circuit. Each of the four
main components is detailed in the following subtieas.

Boundary Scan

/ cell

|- OUT1
|- OUT2
|- OUT3

: |- OuT4
Sin Sout

Die ol
Core

Boundary
Scan Path

Identification % le}- TCK
JERY
O
% L TRST
TDO Je i

Figure 1-10: Compliant digital die with IEEE 1149.1
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In addition to extra hardware components, the |IEEE9.1 std. also defines a set of
test instructions, including four mandatory one¥ PSS, SAMPLE, PRELOAD, and
EXTEST), and several optional ones.

An outline of test procedure using boundary scasifllows:

1.
2.

A boundary-scan test instruction is shifted inte iR through the TDI.

The instruction is decoded by the decoder assatiaith the IR to generate the
required control signals so as to properly conggiine test logic.

A test pattern is shifted into the selected datgster through the TDI and then
applied to the logic to be tested.

4. The test response is captured into some dataeegist

The captured response is shifted out through th® T@ observation and, at the
same time, a new test pattern can be scannedongithe TDI.

Steps 3 to 5 are repeated until all test patterashifted in and applied, and all
test responses are shifted out.

[.2.C.b. Test access port

The TAP of 1149.1 contains four mandatory pins and optional pin, as described
below:

Test Clock Input(TCK): is a clock input to synchronize the testergiions
between the various parts of a chip or betweeremifft chips on a PCB. This
input must be independent of system clocks, schiiting and capturing of test
data can be executed concurrently with normal aystgeration.

Test Data Inpuf(TDI) is an input to allow test instructions arebstt data to be
serially loaded respectively into the instructi@ygister and the various test data
registers.

Test Data Outpu{TDO) is an output to allow carious test data ¢éodoiven out.
Changes in the state of the signal driven throuBl® Bhould occur only on the
falling edge of TCK.

Test Mode Sele¢TMS) is the sole test control input to the TAREoller. All
boundary-scan test operations such as shiftingtugag, and updating of test
data are controlled by the test sequence appligdganput.

Test ResefTRST) is an optional pin used to reset the TARt@dler.

[.2.C.c. Data registers and boundary-scan cells

Standard 1149.1 specifies several test data regliste shown in Figure 1-10. Two
mandatory test data registers: Hwindary scan registeand thebypass registemmust be
included in any boundary scan architecture.

a) Boundary-scan registers (BSR)

BSR is the collection of theoundary- scan-cellSCs) inserted at the 1/O pins of the
original circuit, as shown in Figure 1-10. A tydi&SC is shown inFigure 1-11.
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IN

0
—— OUT
ShiftDR  ——rfeeey |

Rl R2

ClockDR UpdateDR

Figure 1-11: a typical boundary scan cell

This cell can be used as either an input or outplit As an input cell, the IN signal
line corresponds to a chip input pad, and the Oldias line is tied to an input of the
internal logic. As an output cell, IN correspondsthe output of the internal logic, and
OUT is tied to an output pad.

The test operations of a BSC are controlled byethpatput signals of the TAP
controller: ClockDR, ShiftDR, and UpdateDR. Thene dour major modes for the
boundary-scan cell:

- Normal modesimply passes inputs to outputs. (Mode = ‘0").

- Scan moder shift modepasses data from Sl tg Bnd from R to SO. (ShiftDR =
‘1’, ClockDR = clock pulse).

- Capture moddoads the value on the input IN tq.RShiftDR = ‘0", ClockDR =
clock pulse).

- Finally, update modéoads values from Ro the output. (Mode = ‘1’, UpdateDR
=1 clock pulse).

To shift in data, the scan mode must be selected faumber of clock cycles. This
number is dictated by the number of scan cellfénscan chain. Once the shift operation
is complete, the update mode is selected for oney dock cycle to apply the data. To
capture data and scan it out, one cycle of capturée must be selected followed by the
required number of scan cycles.

b) Bypass register

Bypass register is a single-bit register that isduto bypass a chip when it is not
involved in the current test operation. This cagngicantly reduce test time required to
shift in/out test data through the long TDI-TDOtgys path.

[.2.C.d. TAP Controller (TAPC)

The TAPC is a 16-states finite state machine, whupbkrates according to this state
diagram.
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k Run Test/Idle ]—'——'[ Selec{DR—Scan]

lo
CaptureDR ]

lo

: [ SelectIR-Scan ]—
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i lo

~{ Shift-lDR >0 0| Shifi—IR >0
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o ExtlDR Dl ExitR |
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Figure 1-12: state diagram of TAP Controller

According to the state diagram shown in Figure 1Ai2 give the data scan timing
diagram as an example of test logic operation, shiovwigure 1-13.

TCK

[

T™S

Controller
state

4a-TIx3
yg-asned
ya-z1x3a
da-yus
4a-Tix3
da-erepdn
Ip| 1s81-Uny

B|P] 1S9 1-uny
1psey-abo-1sel

o OO0 OO0

Data input

IR shift register

Parallel output of IR Instruction IDCODE

Data input to DR

—/

Parallel output of TDR Old Data >< New Data

TDO /
Output inactive
I:I Don't care

Output from selected data register

Figure 1-13: timing diagrams in scan operation [IEE 1149.1 Std]
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[.2.C.e. Instruction register and instruction set

The instruction register(IR) is used to store the instruction to be exetufEhe
decoder associated with the IR decodes the ingirutd generate the required control
signals. Four mandatory boundary-scan test instmgt (SAMPLE, PRELOAD,
BYPASS, and EXTEST) are defined in 1149.1. In addjtthe INTEST instruction is
recommended. There are other useful instructionsh sas USRCODE, IDCODE,
CLAMP... but they are not described here.

BYPASS this instruction is used to “bypass” the boundsecgn registers on unused
chips so as to prevent long shift operations.

SAMPLE: the sample operation can be completed when thgu€a operation is
executing, such that the required test data calodmed in parallel to the selected data
registers. This means that a snapshot of the narpeahtion of the chip can be taken and
examined.

PRELOAD this instruction allows test data to be shiftatbior out of the selected
data register during the Shift-DR operation, withoausing interference to the normal
operation of the internal logic (see Figure 1-I#)is allows an initial data pattern to be
placed at the latched parallel outputs of boundaan test operation.

Input

Output

Internal
pesssssl Logic

Xz

sesmanas Normal operation

PRELOD

TDO

TDI

Figure 1-14: execution of PRELOAD instruction

EXTEST: this instruction is used to test the circuitryegral to the chips, typically the
interconnections between chips and between boards.

There are other versions for the standard IEEE 144éh as 1149.4 [IEEE 1149.4]
which is created to standardize the boundary soaraalog test, and 1149.6 [IEEE
1149.6], which is intended for advanced digitalwaks that include analog components
and high speed I/O ports.

1.3 Testing at various manufacturing stages: test apptation issues

The microelectronic circuits go through severalrizdiion steps, prior to their
exploitation by the end user. Taking account of plessible defaults which could be
generated by the fabrication process, the cirargstested at the end of each fabrication
step. Only the fault-free circuits move to the netdp, where the defected circuits are
discarded in general.

The lifecycle of a circuit begins when the designerovide the circuit design masks.
These latter are used to fabricate the circuita @ilicon wafer. Once the fabrication is
complete, the circuits first undergo the “wafert't€bigure 1-15), where the faulty ones
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are marked to be discarded after wafer dicing. Ad» manufacturing step is packaging
(for simple IC or SOC) or assembly with other citsu(in case of bare dies to be
included in an SIP before packaging of the compégtem. Once packaged, the chips
undergo another test before delivery, named “fitesit”. The packaged circuits or
systems that pass the final test are deliveredhéobioard or product manufacturer.
Delivered IC and systems are then assembled opiinted circuit board(PCB). The
PCB is tested before and after assembly of the ooems in order to check the
interconnections and the assembly process. Ldiex,RCB is integrated in the final
product, which is tested before sale. At this pothe fabrication flow of the IC is
finished, where it is now ready to be exploitediy end user.

Some applications require test and diagnosis duhaghip lifetime, which means to
perform an in-situ test.

IC fabrication Wa(fje(rjdpmg N Boarii Ul .| Product sale
(wafer level) > anddevice >|  system | (to customer)
packaging assembly

Pass Pass Board Pass
(product)
test
Fail Fail

Figure 1-15: IC manufacturing and test steps

A short state-of-the-art of the wafer test techgme is presented in section I.3.A to
exhibit the major technological problems. Once ¢imeuits are packaged, the compound
needs to be tested again: in section 1.3.B, we s&l what the most critical issues are.
Some considerations will be additionally addressedections 1.3.C and 1.3.D, dealing
with the board and the in-situ test issues.

[.3.A Wafer testing issues

Manufacturers try to catch the defects at the estristages of the circuit life for both
cost savings and quality improvement. Indeed, eVatsy detected defect represents a
significant loss, and it is even more costly iisidetected by the customer after delivery.
The preferred strategy therefore consists in reactiie highest possible coverage during
the wafer test, to minimize the yield losses aslfitest. A test applied to a bare die is
usually called ‘wafer test’ while a test appliedatpackaged IC is called ‘final test'.

Clearly, an ATE must be connected to the prima@slof the DUT when test is
applied. During wafer test, this connection is darith the IC pads through a dedicated
probe card The physical contact between the DUT pads andptbbe tips is called a
touchdown.

This contact-based technology suffers from sevknatations and problems. For
example, after testing a number of DUTs on a wafebris can accumulate on the tips of
the probe needles due to repetitive touchdowns G#m affect the probe card efficiency
and reduce the test quality in consequence. Tlngsptobe tips must be periodically
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cleaned. In the following, we address the majohnetogical problems of current
probing techniques. Next subsection presents difteprobing technologies and general
related issues. The following section is dedicateidsues related to SIP testing.

[.3.A.a. Probing technologies and limitations

Probe cards are classified according to their ptigsetype. The traditional technology
is based on tungsten needles shaped in a cantpesble. The shaft of each needle is
held in place by an epoxy ring (seeFigure 1-16i¥ Téchnology remains one of the most
widely used technologies in the probe card madady [Mann 2004].

4—; AN

Epoxy

Probe Tip

Figure 1-16: Principle of cantilever probe card [L-T. Wang 2008]

This technology suffers from pads scratching. Idi@ah, the number of DUTs that
can be concurrently tested (parallel test) withtitmrers probe card is very limited. In
fact, two limiting factors are caused by the voluamel the shape of the cantilevers: the
alignment of probe tips and the important spaceired by the probe needles -dedicated
to one DUT- above the wafer. Typically, the numbeDUT concurrently tested with
this type of probe card is limited to two.

The vertical probe is an alternative probing tedbgy appeared in 1977. Basically,
this technology was developed to fulfill the regmments for array configurations. An
array configuration designates an IC design wheed/O pads are placed over the entire
IC surface rather than being restricted to thenpeter. Recently, with the increasing
demand for concurrent test, the vertical probeneldgy has known a growing use. Its
principle is depicted in Figure 1-17.

Space Transformer

Vertical
Insulator Needles

Block Guide

Figure 1-17: principle of vertical probe card [Mann 2004]

The “membrane” technology is a particular type eftical probe cards, basically
developed for RF IC testing. By reducing the distabhetween the pads and the test head
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components, the membrane technology permits arbe#esfer of analogue and RF
signals from the ATE to the DUT. Thus, the probleofissignal attenuation and noise
interference, encountered with classical probimfpriéues, are resolved. The membrane
technology is illustrated in Figure 1-18. The sigrteansfer from the ATE electronics to
the DUT is done through a set of micro-strip traissmon lines, which are designed on a
flexible dielectric material. The DUT is contactieg an array of micro-tips formed at the
end of the transmission lines through “via holesthe membrane (Figure 1-18.a) [Leslie
1989], [Leung 1995], [Wartenberg 2006]. The membramounted on a PCB carrier
that interfaces with the test board (Figure 1-18.b)

Microstrip
transmission line

3

Membrane

7

Ground plane

AN

Contact bumps

(a) Membrane technology

Forced-delivery Terminations
mechanism and bypasses

/ / A4 v,
Carrier PCB Membrane ”\\
Contact bumps

(b) Structure of the probe card

Figure 1-18: Membrane probe card [Leslie 1989]

In general, the vertical probe technology pernutdeist several DUTs in parallel, as
much as the tester resources can support. Howdnemoncurrent test is limited by the
co-planarity factor. In fact, when test is appliedl, vertical probes must contact the
dedicated pads on the DUTs. A pressured touchdoaynagause damaging to the DUTS,
whereas a relaxed touchdown may leave some padt®witontact. Therefore, it is
preferred to test a limited number of DUTs withreat probing, rather than testing a
higher number of DUTs with risked probing.

The vertical probe implies that the pad size anchpiminimum distance between two
pads) must be large enough to perform a corredtacomwith the vertical probe needles.
However, pad size and pitch have regularly decteasguiring more and smaller probe
needles, and forcing probe cards therefore towaod®l technologies. In addition, the
growth of chip-scale and wafer-level packages puthér demands on probes, which
must contact now solder bumps instead of planas gad. Wang 2008].
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An emerging technology, based on MEMS implementatid probe needles, is
recently developed to push the mechanical limitsvéod. With this technology, the
volume of probe needles is significantly reduceaud, pitches of 35um can be achieved
with minimal scratching risk, and a higher numbé&rDdJT can be tested in parallel.
MEMS based probe cards are now starting to repthee traditional ones, where
industrial products and research demonstrations shgrowing interest in the MEMS-
based technologies [Cooke 2005]. However, this haegehnology -currently under
development- is very expensive. In addition, likbes technologies, it suffers from the
debris problem. In fact, due to the probe neediuced size, debris can rapidly
accumulate on the MEMS cantilevers. Moreover, ieds more time to become
sufficiently reliable. For that, this technology mot used today for high production
testing.

Table 1-1 summarizes the main advantages and pnslié probing technologies.

Advantages Drawbacks

Cantilever | simple and cheap - pads scratching
- limited parallel test
- debris problem

Vertical - large parallel test - size and pitch of pads are limited
- testing of array configuration - planarity problem
- reliable RF test (membrane debris problem
technology)
MEMS - bond pads probing - very expensive
- enhanced parallel test - not a mature technology (still under

- reduced pitch size development)

- debris problem

- No serious scratching problem

Table 1-1: advantages and drawbacks of various prabg technologies

To summarize, various probing technologies havea lbleeeloped for IC testing. Each
technology presents some advantages but suffems $everal limitations at the same
time. The reduction of the size and the pitch & thads, the development of very
complex devices, beside the increasing demand fdti-site (parallel) testing, have
pushed the fabrication of probe cards towards itinésl of the technology. However,
even with the most advanced probing techniqueswtfer test stills suffer from contact
problems, and it is expected to not be able toheafrwith the increasing requirements
for high speed and high frequencies test needeithéocomplex circuits [Wu 2006].

In this section, we have discussed the major tdolical problems concerning the
wafer test for any type of circuit. Additional litations that are related to SIP testing are
discussed in the next section.

[.3.A.b. SIP testing and related issues

A SIP is a sophisticated system, including multiplee-tested dies and passive
components. They are assembled together by a cerapkEmbly process, where many
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different interconnect techniques may be used fare wbonding and flip-chip
connections. Thus, the resulting SIP is an expengreduct. Knowing that a defective
SIP cannot be repaired, we come therefore to tHewimg observation [L-T. Wang
2008]:

“The SIP process is economically viable only if #ssociated yiel¥sp of the
packaged SIP is high enough”.

Considering an SIP assembly process including feréifit dies, the overall yieMsp
can be ascertained by the Equation 1-1 [L-T; Web@82

Ysp=100[R X Px ... x B] X Psx Py* X By . (1-1)

Where P; is the probability that die i#is defect-free,Ps is the probability of
manufacturing a defect-free substrate (possibliuding passive component$) is the
probability of die interconnect being defect-frégjs the quantity of die interconnects,
andP,, is the probability of placement and mounting belefect-free.

The previous equation shows that the overall yifich SIP manufacturing process
depends on the quality of assembled componentsyedisas on the quality of the
assembly process. In fact, complex process mayecneav failures, because:

- More stress is applied during assembly, which mayse die cracks, or broken
bonding.

- Placement of active dies on passive die is a patesdurce of misalignment, i.e.
shift and rotation (see Figure 1-19)

Passive DieI

Footprint

Passive [ I
Die e :
1 ___: ------ _]

Figure 1-19: possible misplacement during assembprocess:shift (left), and
rotation (right).

Thus, dies must be of a high quality and the asgeprbcess must be under control in
order to achieve a viable yield. For that, a spestimtegy can be followed during SIP
manufacturing process. It consists of:

1. Use ofknown good die$KGD) in SIP fabrication. A KGD is a bare die with
the same, or better, quality after wafer test titmpackaged and “final tested”
equivalent [Cauvet 2007].

2. An assembly process beginning by the cheaper didimaishing with the most
expansive one, and
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3. A recursive test after the assembly of each digrder to avoid the loss of
expensive dies not yet assembled, if any defauléiscted at current assembly
phase.

However, recursive test requires several touchdoamsSIP pads. Even with the
advanced probing techniques, performing severalhwowns may lead to substrate pad
scrubbing (see), which may affect the quality ofedbonding.

Figure 1-20: pad scrubbing due to several touchdovwa(source :NXP
semiconductors)

For this reason, the number of touchdowns is tWyicamited to three. In
consequence, the number of assembled active diesited to two, since a preliminary
test of the substrate is usually performed beforstart the assembly process. Regarding
the previous limitations of contact-based probiaghhiques, alternative solutions must
be investigated for the particular case of SIHrgduring manufacturing.

[.3.B Final testing

After wafer dicing, the expected fault-free devi¢is, SOC or SIP) are packaged. A
package consists typically of éead framé intended to hold up the bare device, and a
kind of box intended to cover this device. The @agkg process consists in putting the
bare device on the lead frame, interconnectingdibepads to the lead frame pins, and
finally fixing the box on the leadframe, creatingetefore the final package. Once
packaged, the circuits are tested before theivelsli This test is called final test.

In general, the final test tries to detect the fibsdefects caused by wafer dicing or
packaging process, as well as to cover the midseafer test. Even when manufacturers
try to guarantee the quality of the bare dies beflinient wafer test, this objective is not
easy to reach because of many limitation factarsh &s limited contact and probe speed.
Fortunately, these limitations do not exist in fit@st, where the contact is performed
with the package pins instead of circuit pads. Mueg, high speed and high frequencies
can be handled more easily than at wafer level iM2004].

The final test consists in a combination foinctional and parametric test. The
functional test consists in applying a set of testtors at the input of the DUT and
verifying if the output responses are equal to épected ones. The parametric test
consists in verifying the limit values of circuiarameters. Two types of parametric test:

1- DC parametric testit consists in measuring a DC current or a DGage
during test application. According to the measuvatle, a “pass/fail”’
decision is done at the end of test.

2- AC parametric testit permits to measure the dynamic parameters of a
circuit: width of the clock pulse, propagation tinset-up time, hold time,
fall time, etc...
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After final test, the packaged circuits are deleceto the customer. Each delivery is
characterized by defect leve(DL). A DL, calledreject ratealso, is the ratio of delivered
faulty parts to the total number of delivered parts
Numberof deliveredfaulty parts
Total numberof deliveredparts

Rejectrate=

A reject rate of 30(arts per million(PPM) chips or less may be considered to be
acceptable for mobile phones, while 100 PPM or lorgpresents good quality for home
consumer devices. A reject rate of 10 PPM or leseeded for automotive applications.

[.3.C Board and product testing

Traditionally, the circuits on board have long bdested using a “Bed of Nails”,
usually combined with functional testing of everyic However, this approach has
several drawbacks. In fact, a Bed of Nails, babiaaded to create test access, requires
the addition of “test-lands” to the PCB, which geates a significant board area
overhead. In addition, fast functional tests amdue test the chips. These tests can target
chip damages due to the assembly process but dorovtie high fault coverage like a
structural test for instance. To overcome thesevlolagks, the current test strategy
consists in using only “fault-free” chips and tHeAl boundary scan standard [van Geest
2001], [Schuttert 2004]. Following this strategle tassembled circuits are considered
fault-free components (high quality testing musistine performed on every component
before system assembly). Consequently, the boastihgecan be limited on faults
possibly introduced during the PCB assembly procEsat leads to focus the test on the
interconnections between the circuits, in additimn a partial test of the circuits
themselves to ensure that they are not damagenigdilne assembly process.

Following this strategy, the JTAG boundary scarhmégue is strongly adopted for
interconnections test. Thanks to the analogue sikienof the boundary scan standard
(IEEE 1149.4), digital and analogue interconneioan be easily tested at board level.
Concerning the test of the chips soldered on thardyothe JTAG boundary scan
infrastructure allows accessing extra test reseaumcoduced by the DFT activity on
every chip.

squeeze
PCB assembly
costs & time

~_=

owin componentsjassemblies|applications
gsi(lji\(,:vcl)ng (ICs) (PCBs) (SW) more

content f\ features
v v

Figure 1-21: novel strategy of PCB assembly testgn Geest 2001]
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To summarize, a novel strategy for board testing been suggested. It consists in
building or re-using on-chip test solutions (DFDgside JTAG boundary scan for
convenient test access. With this trend, the aveahead, costs and development time of
board testing can be significantly reduced (seereid-21).

As for components at lower level of integrationyghi@l and concurrent testing of
several boards leads to save test application titogever, physical and contact-based
accesses to several boards at a time require thelopenent of a dedicated test
infrastructure, where the test data could be brastéd to a large number of boards.

.3.D In-situ test

As discussed earlier, testing an integrated cirmugystem at manufacturing time is a
must to guarantee a high quality product, and Attelivery, the device undergoes
another test when it is assembled to the dedicastém (e.g. PCB). This last test aims
to detect the possible defaults generated by thenasly process.

Once the system is successfully assembled, it besoeady for use, and therefore, to
begin its application lifetime. However, some apalions need to test and diagnosis the
devices on board or system during their activetitife, which is the case for critical
application (e.g. automotive, medical implants .Hdwever, in order to perform an in-
situ test, we need to satisfy two conditions:

First, we need to provide an external access taévece embedded within the
system.

Secondly, this access must be reliable and nouosivie as well.

In several cases, a wired contact with the DUToispossible. This can be the case of
circuits embedded in a satellite or a vehicle faaraple, or the case of medical implants
in a human body. Thus, an attractive solution tarthscases consists in using the wireless
communications, where it provides a non-intrusiceeas to the DUT for in-situ test
purpose.

1.4 Conclusion

Because defects created during the chip manufagtymocess are unavoidable, the
test activity plays a key role in this process tsyability to differentiate good devices
from faulty ones before delivery to end-users, emimprove the manufacturing yield,
where it permits to analyze and correct the caudeslefects when encountered.
Basically, testing consists of two processes: &8t generation and the test application.
Test generation designates the process of provitist) vectors, whereas the test
application refers to the process of applying thgeeerated vectors to the DUT inputs
and analyzing the responses.

As the microelectronic devices continue to shrinksize and increase in density,
testing these devices has become increasinglyculiffiIn fact, while the number of
primary 1/O is stable, the integration of differartires in the same chip (SOC) or in the
same package (SIP) continues to grow up. In comseg,) the number of tests that must
be applied to a manufactured circuit has increassile the test access from primary
inputs remains relatively limited. Thus, test gatien becomes more complicated,
implying a higher cost and a longer developmengetiiro solve the previous issues, DFT
technigues are increasingly adopted for circuittirig. The test application consists in
applying the test stimuli from an ATE to the DUTdaim collecting test responses from
the DUT through a dedicated interface. As previpuskentioned, the test application
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suffers from several drawbacks and limitations &diog to the DUT (IC, SOC, or SIP)
and the considered manufacturing or integratiop. ste

At wafer test time, the ATE is connected to theTDpads through a probe card.
Various technologies of probe card have been eddborfor IC wafer testing, but every
one has its limitations. The traditional probingheology, based on tungsten needles
shaped in a cantilever profile presents a limitadafelism (number of dies on a given
wafer that can be tested at a time) [L-T. Wang 2008 addition, it suffers from pad
scratching and debris problems. These later orees@anmon also to the vertical probing
technology [Mann 2004]. Moreover, it is expectedttthe vertical technology will not be
able to catch up with the continuous decrease df g2 and pitch. Recent probing
technology based on MEMS cantilever is currentlgdemdevelopment, pushing the
mechanical limits forward. However, this technolagywery expensive and suffers also
from debris problem.

Parallel testing of numerous devices (from bare tiieboards) is always a challenge
due to the difficulty to contact numerous devices @ime. Additionally, in-situ testing
encounters the problem of missing a reliable esleancess to 10s of the DUT embedded
in the system. Finally, the particular case of S#3ting, which requires several
touchdowns during the assembly process, increalsesptoblems related to test
application based on physical contacts betweeneptalds and DUT.

In result of all these contact-based test technoletpted issues (test costs, limited
parallelism, pad scrubbing, in-situ testing) a tésthnology based on wireless
transmissions appears as a possible alternativethBty we propose a new wireless test
solution, which can be used at various levels afiufecturing process. Before describing
this solution, we give an overview of the wirelesst methods currently under
development in the next section.

[l State of the art of wireless test methods

Several wireless or contactless test methods wetrently proposed to solve the
probing-related or contact-related issues. In #estion, we first address the main
challenges related to test strategies based orleasrecommunication, and we give a
detailed description of several related methodp@sed so-far for wafer or in-situ test. In
the following, “wireless test” stands for test apation strategies using wireless or
contactless communications for transmission ofdesa between the test equipment and
the DUT.

.1  Wireless test challenges

The wireless test is proposed to solve the problehtontact-based test. Its purpose
consists in transferring the test signals fromAR& to the DUT through a wireless link,
to get rid of the probe needles and their limitasioClearly, a wireless test interface must
be added to the ATE and to the DUTs for this puepok consequence, some
modifications must be done at design time in otdegprovide a wireless interface to the
DUT, and classical test procedure must be adagedell. These modifications generate
new critical issues that must be addressed in eogogsed wireless test approach, mainly
the following ones:

- Power supply: In classical probing techniques, Afi&= delivers the power and
clock signals to the DUTs through the probe needissvever, no contact is
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envisaged with the DUT in wireless test; and thenesf an alternative solution
must be provided to deliver power and clock signals

- Area overhead: clearly, an antenna and a RF trauescand possible extra logic
must be integrated in the DUT. The resulting areertoead is a critical issue that
must be carefully considered.

- Transmission reliability: the reliability of the meless communication is crucial.
Thebit error rate (BER) of the transmission must be very low. Thegtlole errors
of the RF transmission must not generate any erribre test application.

- MAC protocol: in order to establish a good commatian between the ATE and
the DUT(s), an efficientnedium access protoc@AC) must be used.

- Transparent solution: it is highly preferable thaproposed wireless solution do
not imply any modification on the test generatioagess. Thus, the test programs
and software remain unchangeable with wireless test

- Test data management: once generated, the tesaréat@nsported from the tester
to the DUT in wireless manner. Generally, the data transmitted irpackets
Thus, the DUT must be able to extract the test fitata the received packets, and
generates a packet to transmit its response, &s wel

- Types of test: an interesting method is who permaitperform the large types of
test, such as JTAG boundary scan, or BIST appticathat is not accessible
through JTAG interface, etc...

- Security: the access to the internal circuit strred through the embedded
wireless interface must be denied for anyone, dxtep person in charge of
performing the test.

- Multi-usage: a powerful method is that which canused at several stages of
manufacturing (e.g. wafer test and in-situ test).

[I.2  Scanimetrics approach

An emerging solution for wafer test was recentlwaleped by “Scanimetrics”, a
Canadian company. It consists of replacing theiticachl probe card by a non-contact
interface [Moore 2008], [Moore 2007], [SellathamB@05]. Following this approach,
each probe needle is replaced by a couple of aaseand transceivers. A first “antenna
& transceiver” is connected to the DUT pad, anceeosd “antenna & transceiver” is
integrated in the probe card. Thus, a probe catd wprobe needles is replaced by a
probe card witm micro antennas and transceivers. On the othey #ideDUT integrates
equallyn micro antennas and transceivers connectedpads, and operating at the same
carrier frequency. The communication between tlob@icard and the DUT is performed
pad to pad; whereear field communicatiofNFC) is used to transfer data at tens of
megabit per second rates. The distance betweegrdbe card and the DUTs is up to 100
um, depending on the antenna size. The principteejscted in Figure 1-22 and Figure
1-23.
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Figure 1-22: Scanimetrics principle of non€ontact testing
(Courtesy of Scanimetrics)
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This novel technology offers many advantages inoly

tel-00512832, version 1 - 31 Aug 2010

High reliability of wireless communication due teetshol-range communicatic.

Since the communiczon is performedrom pad to pad (without packets), so th
is no need neither for MAC protocol, neither fotadprocessing

Low complexity of the added DfT in the DUT (antearaand transceiver:

The additional area overhead is neglic. In fact the antenna and triceiver can
be implemented in a small area varying from 720¢ to 62500 pr? [Slupsky
2006], [Sellathamb 2005], according to antenna size and transct power,
which increase when the distance between the 8sgdeobe card and ttwafer
DUT increasesNote that, this overhead area is added to eachvgadh must be
multiplied by the number of wireless pads to calteilthe global area overhe
(e.g. 62500 px 5, in case of JTAG test because of 5 JTAG sigrealsiring 5
wireless pads)

The proposeddution is completely transparent for the actuat software

Various types of test such as scan chJTAG, etc... can be performed with tt
solution,
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No need for test data processing on the ATE siug, a

Significant reduction of test time because it eaald parallel test (up to 6 DUT
tested in parallel) with high data rate.

However, this non-contact test approach requiresdisign of a specific chip to be
placed on the probe card with “mirror” antennas @radsceivers. Hence, for every new
device (IC, SOC or SiP) design, a specific probel caust be designed. The alignment
remains a key parameter, although the orders ohinale can be significantly relaxed
(up to 100 pm in z direction, and to 30 um in Xvadirection).

The DUTs must be powered during test. In [Sellatyan2005], the authors
investigate the power delivery from the probe darthe DUT by non-contact means. For
that, in addition to the micro antenna and the dtaiver, apower rectifier (PR) is
connected to each power pad in the DUT. The prabe delivers the power to the DUT
power pads in form of AC electromagnetic signalse PR circuits extract the power
from the received AC signal and deliver it in foahDC current. The authors show that
the amount of delivered power depends on the nuwiygower pads on the DUT, which
determines the number gbower rectifier (PR) circuits (see Figure 1-24). The
investigation result shows that the non-contactgrawansfer method could be used only
for low and medium power devices.

PROBI 12Lrl
\.,.!fl,‘_.‘_. RI_in qul_-"}‘:‘} i
| [~ 1.
Kl HI_in
Souroe — -_L ldc
‘_“!fllm- v — rl_\-l\-\:aj;‘;# =

Figure 1-24: block diagram of power transfer systenwhithout contact [Sellathamby
2005]

For high power dissipations, the authors propobghaid solution: some power pads
are directly contacted, while the remaining onegire the power by non-contact means.
Thus, a hybrid probe card must be used. It contaiicso antennas and transceivers (for
test data transmission, and partial power delivemydd some cantilevers (for power
delivery). This hybrid solution is possible becatise distance between the probe card
and the DUT does not exceed the 100 um, which petime non-contact communication
beside the physical touchdowns. However, the mastricting factor of this hybrid
solution is the number of power and ground padbkenDUT. For a low number of power
pads, the power is completely delivered by conthctthis case, only the power and
ground pads are directly contacted, while the remgipads (data) perform a contactless
communication with the probe card.

This very promising wafer test solution cannot, boer, be used for final or in-situ
test. In fact, once the DUT is packaged, the niedd-Eommunication with the embedded
micro antennas and transceivers becomes practioafigssible. Thus, the utility of this
method is restricted to the wafer test only.
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1.3  HOY system

The HOY system proposed by the National Tsing Huavé&rsity (Taiwan) is a new
wireless test approach, currently under developn@ht 2006], [Chen 2006], [Liou
2007]. This system is based on RF transmissioneidopn a wireless test of the
integrated circuits, and targets wafer test, tétgr gpackaging and test during active
application of the DUT (in-situ). However, the pigbled papers show that the work was
only conducted on wafer test. The general concéphe HOY system is illustrated in
Figure 1-25.

‘Wafer-Lawel Characterstic Die
D Under Test——

Anterng™ |

" _“Anlennn

Sl

Anienmmn

Figure 1-25: HOY applications: (a) wafer test, (bxhip test, and (c) field diagnosis
[Wu 2006]

One of the primary goals of HOY system consistsraducing the test cost and
discarding the expensive investment in #utomatic test equipmef@ATE) [Wu 2006],
[Chen 2006]. Thus, the simplification of the testeia key factor in the concept of the
HOY system. For that, the implementation of advdnb&T techniques in the DUTSs is
necessary, in order to transfer the complexity frma tester to the DUTs. More
particularly, the integration of BIST circuits aegenbuilt in self repair(BISR) in the
DUT is heavily adopted by the HOY system [Wu 20(8Jp 2007]. Based on that, the
tester becomes a simple test controller. Its ®mlémited to initiate and control the BIST
circuitry, and collect the response from the DUThat end of test. Doing that, the tester
can be drastically simplified togersonal compute{PC), as it is shown in Figure 1-25.

According to the HOY system, every DUT contains Best Module” and a
“Communications Module” (see Figure 1-26). The ‘fT&&odule” contains the BIST
and/or BISR circuitry and a standard interface ethlHOY Test Wrapper. The
“Communications Module” contains the RF, basebasmad medium access control
(MAC) circuits for communicating test commands aesponse data between the “HOY
Tester” and the DUTSs.
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|y

Figure 1-26: HOY architecture for wireless test [Lou 2007]

Every DUT on the wafer contains at least one wa®lgansceiver to communicate
independently with the tester [Wu 2006]; howevérs tDUT transceiver is not directly
described in anyone of the published papers.

In [Liou 2007], the authors describe the wirelgssisceiver that must be added to the
ATE. It has the following main characteristics:

a) ATE transmitter:
Output frequency: 902 ~ 928 MHz
Modulation :on-off keyingf OOK)
Data rate: 250 Kb/s

b) ATE receiver:
Input frequency: 2.4 ~ 2.5 GHz
Modulation:frequency shift keyinfFSK)
Data rate: 250 Kb/s

Therefore, we can deduce from the previous ATEstraiver characteristics that the
DUT transceiver has a constant bit rate equal t0 Rb/s. it operates with two
frequencies: 900 MHz and 2.45 GHz.

Unfortunately, there is no public information ore texpected DUT antenna, and it is
not clear if the DUT will have two separated an@mnone for the transmitter (Tx) and
one for the receiver (Rx), or if it will integratsnly one antenna adapted to work with
both frequencies. Anyway, due to the size of thpeeted antenna(e) for the proposed
frequencies (900 MHz and 2.5 GHz), this (thesekramh(e) seems too large to be
integrated in the DUT; this remark leads us to sgppthat the antenna will be build out
the DUT, on the scribe lines of the wafer for imsta

The used MAC protocol allows the tester to esthbiie connection with the DUTS,
broadcast the data to the DUT, and finally colldw responses from the DUT by
individual “polling” [Ko 2007]. Thus, the tester musend a polling message to a DUT
requesting its transmission. A DUT cannot transtaitesponse without being polled by
the tester.

Thedata exchange un{DEU) is the last layer in the communication maduts role
consists in storing the received data (from testefwo buffers: Instruction and Data,
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and storing the DUT response in a third buffer: go@se. The data stored in Instruction
and Data registers are used to control the funafoRIOY Test Wrapper (see Figure
1-27). Once DEU enable Wrapper, this later begingetch instructions and decodes
them for initializing, controlling the BIST and sing out test results from BIST [Liou
2007]. Note that the Wrapper is designed accorthnthe BIST controller description.
The DEU and the Test Wrapper are illustrated inufadL-27.

< ADDR,
_IDATAR
™ Instruction || . IR” " | HOY Test Wrapper
- Buffer *IRREADY: BRAINS | ————
“DADDR, Interface | \
“DDATAR ﬁZNIBRA‘NS: Memory
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Packet -t Buffer %RREADL : _____ !
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Unit LDPATAW D | TACS [-----
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AMS
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‘ Status Register ‘ PAUSE 1 DFT
DSTATUS _____
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Figure 1-27: DEU and Test Wrapper of HOY system [Lou 2007]

For power supply, the designers of HOY system ssig¢e power the DUTS in
wireless manner, and to generate the clock sigoah the received signal (see Figure
1-28). Therefore, in addition to the “Test Modubaid “Communications Module”, the
DUT must contain a “Power Module”. This later catsiof a power regulator and a
clock modulator.
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Figure 1-28: The HOY test system with contactlessgwer supply [Wu 2006].

The power regulator extracts the average powdnefeceived carrier through an AC-
to-DC conversion, and provides the regulated pdeeirive the whole chip. The clock
modulator generates the clock signal, in synchetime with the tester [Wu 2006].
However, this method for power supply and clockegation implies a continuous signal
transmission from the ATE and a continuous sigeakption by the DUT. Thus, when
there are no data to be transmitted (e.g. BIS@uadhed in the DUT), the ATE continues
to transmit a signal without data (carrier only)esure the proper function of power
regulator and clock modulator.
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However, if the DUT has only one antenna for traissman and reception as it is
shown in Figure 1-28, then the DUT transceiver oanperform a simultaneous
transmission and reception even if the Tx and Rerage at different frequencies;
otherwise the high power signal generated by thésTirjected in the Rx, damaging its
components. In consequence, the antenna cannainbecated to the Tx and to the Rx at
the same time. Following that, when the DUT senralsklits response to the tester, the
DUT Rx and “Power Module” cannot receive any sigftam the antenna. Therefore,
both components of the “Power Module” cannot opeeat expected, and the clock signal
cannot be generated properly. Moreover, if the rardeis integrated in the DUT (as
inFigure 1-25.a), then it will be a very small ama. Hence, the amount of signal power
captured by this antenna is insufficient to povwer DUT during test.

In case of DUT equipped with two antennae, it isqilnle that the “Power Module”
receives a continuous signal, allowing it to workoperly. Anyway, the wireless
powering method does not guarantee a high powdityéiar the DUT, which implies
the use of a special mechanism to stabilize anditorothe power. Taking account of
these difficulties, the HOY system designers pregdbie contactless power supply as an
option necessitating a further investigation, aatlas final solution [Wu 2006]. From the
previous remarks, we come to the following condunsi

The HOY system is limited to BIST test only. JTA@arconnection testing,
scan tests and other types of test are not supgpdagyethe HOY system,
restricting the usage to systems including IP ce®sipped with their own
BIST circuitry and cores developed by the systertegrator where fault
simulation is conceivable.

The generation of “Test module” depends on the BdSiitroller description;
i.e. the “Test module” is specific to each circuit.

According to the proposed frequencies, the expeatéeinna is too large to be
integrated in the DUT.

Wireless power supply for wafer testing is not fygtly explored.

In summary, the HOY system — currently under dgwslent — needs further
development before proper evaluation. Its usageessricted to systems including IP
cores equipped with their own BIST circuitry.

.4  “JTAG Technologies” solution

An interesting method for remote wired or wirelegssmmunication to board and
system level boundary-scan architectures (in canpé with the 1149.1 standard) has
been proposed by JTAG Technologies [Collins 20QBkis 2006], [Sparks 2006].
According to this method, an in-situ boundary-stesting is possible, by utilizing the
existing wired or wireless communication protocol.

One of the basic ideas of this patented solutio®p®04/046741] is to use existing
JTAG controllers according to the IEEE 1149.1 séaddhnd the software thereof, which
have the following characteristics:

They have the five JTAG signals as 1/Os.
The connection of the test controller with the DidBynchronous.

The TCK clock driven from the test controller i®drrunning and cannot be
switched off.
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Once the first bit of TDI is shifted out on theimg edge of TCK, a first bit
read out from the DUT is expected on the JTAG adletr TDO input on the
next rising clock edge. Since the TDO is updatetth@atfalling edge of TCK in
the DUT, this means that the amount of time avélétr TDO to travel from
the DUT to the test controller is half the TCK oeki

The architecture of the proposed solution consita transceiver pair, one (named
TapSpacer Uplink) connected to the boundary scarrater and the other (named
TapSpacer Downlink) connected to the board or sysiader test. The Uplink and the
Downlink transceivers use the existing communicatiderface for connection, which is
an asynchronous interface in the most of communicaéchniques. The general concept
of this solution is illustrated in Figure 1-29.
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Figure 1-29: proposed architecture of remote boundg-scan [Collins 2005]

The proposed solution is designed to be transpdoenthe JTAG test controller.
Therefore, the characteristics of the test comrathentioned above must be respected,
especially the last one. However, the signal isagbvdelayed on an asynchronous
transmission path. Supposing that the round tapsimission delay is calculated to be
100 ms for example, in this case the maximum aelikev TCK frequency is 5 Hz,
leading to very long test time.

In order to have a reasonable TCK frequency, aatimjCollins 2005] propose to add
a component at the end of the boundary scan-cinathe DUT. This component is a
“virtual” boundary-scan register made of boundargrscells not connected to any 10 of
the DUT (see “virtual” boundary scan cells v1 t®v8 Figure 1-30). That means that a
component comprising of boundary scan cell$1(= 20 in Figure 1-30) is added to the
test architecture description of the targeted bamndscan DUT. In this sense, the
proposed solution is not completely transparentiersystem developer.

JTAG Controller sees the BS
ehain like this:
]

w1 w5 ¥l

T e e e e e e
DO, e M
ot I}H. e T\?!j-!-’

Figure 1-30: principle of virtual component as seeiby a test controller

The number of virtual added cells depends on theddrip propagation delay, the
communication link speed, the delay created inetheoding and decoding required by
the data transmission protocols, and the laten@gaRling that, the worst case delay
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must be defined and the corresponding number aodfalircells is added to the end of
boundary scan register.

The Uplink gets the TDI, TMS, TCK and TRST from ttest controller, and sends
only the TDI and TMS bits to the Downlink by packetvhich are transported over the
existing communication channel of the targeted dsgstem. Once the Downlink
receives a packet, it extracts the TDI and TMS agngenerates the TCK locally and
applied them to the DUT. The TDO generated by th s packed and sent back to the
Uplink. Once received, this later will store the @Dn a temporary buffer and prior to
entering the shift state, the virtual-cell countéi be preset for the prescribed number of
virtual cells (see Figure 1-31). Hence, for eve@KTcycle within the shift sequence, the
virtual-cell counter will decrement until it reacheero. At this point the uplink will start
transferring the real TDO data to the test corgrdibr comparison against the expected
TDO data. Doing that, the test control expectsTtb®© to arrive after predefined delay,
which allows variations in the data transmissiord datency. Therefore, all the
characteristics of the test controller are respkcte

E"E

TIH) 1 i
FFD = Wirtual Cell

-
H_Be1E I H
[ Couint: 1

Figure 1-31: hardware implementation in the Uplinkof the virtual cells

Public information on this work is not availablearpicularly with regards to the
following points:

How the Uplink and Downlink TapSpacers are impleted® And how they
communicate with the existing system interface.

How the TDI and TMS are packed into packets: Daséhpackets have a
packet header? Do they have a constant size,ieldar the packet header for
showing the packet length?

How transmission errors are managed?

In summary, the proposed method implies the addiioone virtual component to the
description of the DUT at the cost of additionaittéme. It suggests that each packet sent
by one node of the transceiver pair is correctbeieed by the other one in the predefined
delay. Cases of transmission errors are not disdugsot that, there is no problem
concerning the power supply and the clock sigrafs;e they are delivered to the DUT
from its embedding system.

1.5 “Sun Microsystems” wireless approach

A wireless test concept for systems on board wagldped in “Sun Microsystems”
laboratories [Eberle 2004], [Eberle 2002] basedaomwireless version of the JTAG
standard. This wireless test approach aims toceplse wired scan paths on the board by
wireless ones. Thus, the indirections appearingrahitectures using daisy-chained or
hierarchical wiring are replaced by direct conmattbetween the system controller and
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the monitored device on the board. An antenna aRéF @ransceiver are added to each
monitored device for this purpose. This is illustdhin Figure 1-32.
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Figure 1-32: wired scan path (a) vs. wireless scarath (b) [Eberle 2004]

—

This solution offers the opportunity for systemshward to be non-intrusively tested.
It permits also to theelectrically erasable programmable read-only merasri
(EEPROM) orfield-programmable gate array(FPGA) to be wirelessly reprogrammed,
without having to physically connect a programneetite device. Finally, the proposed
solution provides direct and more reliable conmectio every DUT on the board
compared to physical interconnects technologies.

Clearly, there is no problem concerning the powgpsy and the clock signals in this
context, since they are delivered to the DUTSs frin@ board resources. On the other
hand, equipment with wireless resources is lesgarifor system on board for systems
on chip. Taking into account this particular comtard focusing on the present work
(wireless testing of integrated systems from thenufecturing phase down to in-situ
testing), here we are interested to the packetdbfdata processing), the MAC protocol,
and the test types supported by this solution.

a) Data processing

According to this solution, the packet used for Wieeless exchange has a maximal
length of 24 bytes. Among them, there are 8 bytegaining the necessary information
for communication, which allow the receiver deviocehave a reliable connection with
the transmitter device. The remaining 16 bytesn@timum) are reserved for data.

b) MAC protocol

The proposed solution uses a MAC protocol to manhgdransmissions between the
tester and the DUTs. Communication is based on starialave protocol whereby the
system controller implements the master and the ®di the cards implement the
slaves. Message exchanges use a simple requestidelige protocol: The master sends
acommand in a request packet and the slatens a reply in an acknowledgment
packet. That is, a single master initiates allkpadransfers and slaves can only send
packets after they were instructed to do so byrthster (polling).
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c) Test types

Eberle et al. describe a possible use of wirelemssinission for other applications
than boundary scan test. The concept of systeneess monitoring is given in [Eberle
2004]. In fact, the monitored systems integratentadly an EEPROM, which is
permanently updated following the system staterlEbet al. describe in their paper the
idea of EEPROM wireless reading, via an RF intexfadded to the monitored systems.

In summary, Eberle et al. propose a wireless agpréa wireless test and monitoring
of the systems on board. The proposed solutionti€nvisaged to be used for wafer test.
It is suitable for big systems only, where the fdactor is not really critical.

1.6 Wireless test methods for intra-chip test

A wireless communication for transmission of dagémieen different cores inside the
DUT was proposed [Chang 2001], [Zhao 2008], [Zh@6&2, [Y. Wang 2006]. None of
these solutions addresses the question relatedetdransmission of data between the
tester and the DUTSs. In [Chang 2001], the authovestigate the implementation of RF
transceivers coupled to the RF nodes in the DUE ddmmunication control between
multiple RF nodes inside the DUT is addressed mafz2006], [Zhao 2008] as a network
topic. Finally, in [Y. Wang 2006], the authors istigate the new wrapper architecture of
each core in the DUT to be compliant with the Romunication, without giving any
technical details. While related to wireless traission of test data, the target application
(wireless transmission between cores inside a mysthows specific issues (e.g.
integration of many antennae, one per core) thatalapply for the problem addressed
by the present work.

.7 Conclusion

Several wireless/non-contact methods have beeropeopso-far, either for wafer test
or for in-situ test. Only the HOY system targetghbapplications. However, the HOY
system is limited to BIST solutions where the datlume to exchange between the tester
and the DUTs is very limited. Other types of tasthsas scan test or interconnect testing
are not supported. Moreover, the proposed solutigges the very difficult issue related
to the wireless transfer of power and clock sigdalsng wafer test.

“Scanimetrics” company has elaborated an intergstion-contact test method for
wafer test. Test signals are transferred from thé& Ao the DUT test structures through
near-field, pad to pad communications. This apgraagports all test types (scan test,
JTAG, BIST...), and does not imply the integrationadfitional circuits rather than the
antennas and transceivers that are added to e\@pad. The near field communication
with the integrated antennae and transceivers bes@mactically impossible after system
packaging. Thus the proposed solution cannot kended to in-situ application.

A wireless test method for in-situ test was elatemtaby “Sun Microsystems” for
systems on board. Aiming to avoid physical interemtions in the system test
infrastructure, the physical paths between circarishe board are replaced by a direct
wireless communications between the ATE and evbily on the board; a wireless test
interface is added to each chip for this purposes Folution cannot be transported to
wafer test where the goal is to test simultaneoadigrge number of identical DUT and
where antennae and transceivers must be integmtckry DUT at manufacturing step.

The method proposed for remote testing by JTAG fieldyies supposes that the
system embedding the targeted DUT has a commuoicatierface (WiFi, Bluetooth,
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Internet, etc...). The method consists in using slystem interface to perform a remote
JTAG boundary scan test. Clearly, it cannot be usedvafer test. A summary of the

main characteristics of the previous methods ismgim Table 1-2.

HOY System Scanimetrics Sun Reis
Microsystems
Wafer Yes Yes No No
Usage .
In-situ Yes No Yes Yes
JTAG No Yes Yes
Test  pist Yes Yes ? No
types
others No ? No
Transparent No Yes " Yes
solution
Parallel test Yes Yes, but limitedyes (up to 15) No
Area overhead Large Negligible Large ?
fiel fiel field Any
Communication Far field (900 Near-field, Farfie communication
MHz, 2.4 GHz) pad to pad (916 MHz) :
interface
MAC protocol Yes No Yes That (.)f the
system interface
Data rate 250 kbit/s Tens of Mbit/s 19.2 Kb/s Ud @oMbit/s
o To be To be
Security issue addressed No problem addressed N/A

Table 1-2: summary table of wireless test methods

Our goal is to develop a wireless test methodthatbe used at several levels while it
covers several types of test at the same timeethdeur study targets wafer test, board
test, and in-situ test. In addition, it aims to\pde a solution for several types of test such
as Boundary scan test, BIST applications (witholAQ interface) etc... Finally,
massive parallel testing of several DUTs on a wesf&lso in order to reduce wafer test
time.
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Discussion and conclusions

As the microelectronic devices continue to shrinlsize and increase in density,
testing these devices becomes increasingly diffié&tlwafer level, the test is usually
performed using probing technologies. However, tbentact-based probing
techniques will may not be able to catch up with iticreasing requirements in terms
of parallelism, increasing number of 1/Os and dasimeg form factors. New test
methods based on non-contact or wireless transnissiere proposed. However,
these solutions were limited to wireless activadBIST structures (HOY system),
wafer testing (Scanimetrics approach), or boarellegsting (Sun Microsystems’s
solution).

In order to cope with all related challenges, wabetated a novel wireless test
approach based on the integration of a Wireless Qestrol Block (WTCB) in every
DUT. This solution allows broadcasting the testadad all the DUT on a wafer
allowing a massive parallel test, and thus improte=d times, particularly when the
test response evaluation is performed on chip.WREB interface has been designed
as a modular architecture allowing smooth integrain different contexts. It consists
of a Wireless communication module for wirelessigraission of test data and a TCB
for test application and test response collectafram the system components. The
TCB was designed to handle the DUT response inviais according to the need of
precise of global feedbacks.

The communication module embeds a protocol stadkreke layers: application,
MAC and PHY layers. The application layer is théerface of the communication
protocol stack with the TCB. It analyzes the apgilmn header of the test stimuli
packets sent by the tester (DL packets) in ordgetterate the necessary information
to the TCB, and encodes the application headete&iresponses packets sent back to
the tester (UL packets). The MAC protocol is basadhe master/slave model, and
relies on allocating a temporal window for a groli@nsures a deterministic medium
allocation, where each DUT can by itself send ést tresult without individual
polling. This is a key factor in our solution besaut permits to save test time by
avoiding individual polling as proposed in the H@Y¥stem. The PHY layer is a key
factor in the design of WTCB, but it was not theiimabjective of this work, for that
it was only briefly described.

In order to validate our original solution, we cocted several experiments. First
ones targeted the power supply issue when addgegsirative wireless testing of
SIPs during the manufacturing process. Our proposgbower supplying all the
devices from dedicated pads implemented on thernimfeler was experimented on
real wafers. These experiments showed the fedgilmfi opening windows in the
DUT seal ring for supplying the power from linesledded in the wafer scribe lines.
Complementary works are needed for ascertainingsifsdems connected to the same
power line are sufficiently supplied.

Secondly, we elaborated a dedicated experimena#fiopin that emulates a tester
and a WTCB. The tester prototype is implementedgisi personal computer (PC)
and a first FPGA, and the WTCB is implemented usingecond FPGA. This
platform was successfully used to perform a wielest of two distinct circuits. The
first one, developed for the targeted experimewsdidation, was implemented on a
FPGA. The second one was an ASIC provided by ttiesimial partner of this project.
Both were successfully tested through the proppéasiform. Conducted experiments
permitted to validate the following points:
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The operation of the tester-DUT link in both wayplink and downlink.

The efficiency of the proposed protocol stack, esly the application
layer and the MAC layer.

The good interaction between the protocol stackthed CB.

The efficient design of TCB, and the good functi@nof its components: the
JTAG test controller, the packet disassembler haccomparator.

The two comparison modes, i.e. the centralized m@denparison in the
tester) and the distributed mode (local comparisdhe WTCB)

Note that, a demonstration with multi-site testusrently under development. It
aims at proving the capacity of our solution tofpen parallel testing of multiple
devices.

Complementary works must be conducted on the WTEB Rwyer, concerning
the integration of an antenna and a transceivezsd works will allow the proposition
of complete WTCB IP. Finally, an important work sk be conducted on the tester
side in order to integrate the required wirelessrface.

As the microelectronic industry becomes more andemessential in several
domains, such as automotive, health care, nuadeaironment and civil application,
in-situ testing solutions get an increasing inter®s many applications. In this
context, our solution can be extended to be usedefmote in-situ testing. In fact,
thanks to its modular design, the proposed WTCBIdcdae developed as an
independent IP and connected with the functionedriace of a system, providing
therefore a reliable access between a remote temtér an embedded test
infrastructure.

Because wireless communication technology is usedndreasing number of
fields, radio-communication means are native ressiin an increasing number of
devices. On the other hand, a PC equipped withpanogriate wireless interface is
sufficient for many remote testing applications kihg into account the previous
observations, our solution could preferably be tged for in-situ testing. For that,
we are currently writing a patent proposal for diefg the WTCB IP in the context of
in-situ testing [Noun 2].
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