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3D Design For Test Architectures
Based on |EEE P1687

Yassine Fkift?, Pascal Vivéet),
Bruno Rouzeyr®, Marie-Lise Flotte® Giorgio Di Natal&’,
Juergen Schloe

Abstract—3D stacked integrated circuits based on Through
Silicon Vias (TSV) are promising with their high peformances
and small form factor. However, these circuits presnt many test
issues. In this paper we propose a novel 3D Desidor Test
(DFT) architecture based on IEEE P1687. The proposetest
architecture enables test at all 3D fabrication leels: pre, mid,
and post-bond levels. We discuss 3 DFT architectungroposals
and we show one practical implementation using a comercial
EDA tool.

Key words: 3D IC, DFT, pre-bond test, post-bond test, JTAG,
|EEE 1149.1, |JTAG, | EEE P1687

l. INTRODUCTION

The stacking process of integrated circuits usir@v
(Through Silicon Via) is a promising technology ttheeps
the development of the integration more than Maotaiv,
where TSVs enable to tightly integrate various dieg 3D
fashion. Regarding applications, 3D stacking allavsvide
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interposer, and in section VI we give conclusiond &uture
work.

Il.  STATE OF THE ART

Many DFT architectures were proposed for testing 3D
integrated circuits. The first papers treated: ppad test of
3D processors using scan islands and so called legt
controller (LTC) [3], scan chain optimization apaobes [4],
and other test issues like test cost optimizatish More
recent works propose die level wrappers basedreitinéEEE
1500 [6] or IEEE 1149.1 [7] test standards thaivalBD test
at all levels: pre-, mid-, and post-bond. The tashitecture
has mainly three features: use of dedicated prabs for non-
bottom dies to perform pre-bond die testing, use
“TestElevators” to drive test signals up and dowrirdy post-
bond test, and use of a hierarchical WIR (Wrappstrlction
Register) chain to configure test interconnectsesehfeatures
satisfy 3D circuits testing requirements but carntygroved to

of

range of new SoC applications, such as heterogeneéMOid the configuration time of the hierarchical RVI

stacking (Digital, Memory, RF, Mems); Interposens fmulti-
chip connection are becoming similar to a silicaartdl. The
first upcoming 3D applications are mainly the WiddDRAM

especially for mid-bond and post-bond tests.

On the remainder of this paper, we will propose t8Bt
architecture proposals based on IEEE P1687 (IJTs&)dard

3D memory interface for high throughput and low pow ysing automatic die-detection mechanism.

memory-on-logic stacking [1].

Nevertheless, 3D integrated circuits present maest t

challenges including the test at different levefsttee 3D
fabrication process: pre-, mid-, and post- bontstd2re-bond
test targets the individual dies at wafer level,tegting not
only classical logic (digital logic, 10s, RAM, etdut also
unbounded TSVs. Mid-bond test targets the testaofiglly
assembled 3D stacks, whereas finally post-bond téegets
the final circuit. It is generally admitted thaBB test flow [2]
should involve test procedures at all stacking lkewé the 3D
components. In this paper we present a 3D DFT taatare
based on IEEE P1687 and auto die-detection mechanis

The paper is organized as follows. In section Il wealled Gateway which

introduce the state of the art of Design For Tekt3D

I1l.  OVERVIEW OF THE IEEE P1687STANDARD

The main purpose of the IEEE P1687 standard, aledc
IJTAG, is to develop a methodology for access tdexded
test and debug features, via the IEEE 1149.1 Tesegs Port
(TAP) [8]. This means that in IEEE P1687 JTAG signa
(TRST*, TCK, TMS, TDI, and TDO), and JTAG logic
including: IR (Instruction Register) and associatigtoder,
TAP Controller, and DR (Data Registers) are usattlifonal
logic is added to the JTAG circuitry, in order toable the
access to embedded DFT instruments [9].

In IEEE P1687 it is essentially a Test Data Regif®R)
is added to control embedded
instruments dynamically. The configuration is dooe 2

integrated circuits, in section Ill we give an oxiew of the steps: the first step is to select tBateway instruction by
IEEE P1687 standard, in section IV we show three€l DFshifting its corresponding op-code in the shiftdRte on the
proposals based on IEEE P1687, in section V we shOWAG finite state machine [10]. The second steptds
practical implementation of a 3D circuit on a pessi configure SIBs (Segment Insertion Bits) by shiftinige
configuration sequence in the shift-DR state [8,10]
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There are 4 archetypal types of instruments [82]1,1 control logic: classical JTAG logic (TAP controller

instruction register and associated decoder, ...)aalitional

Type-A instrument, also calleimple or Sdif- omponents SIB that control test data registers.

contained does not support a serial path with’
simple static signals as input control. An example
of this type is a memory BIST (Built-In-Self-
Test).

Type-B instrument:1149.1 compatible or TDR-
Like (Test Data Register), defined to have a single
data register supporting a single TDI-TDO serial _Q_Q_Q
chain. An example of a Type-B instrument is any
instrument that is directly managed by 1149.1
state-machine signals and associated Select-
Capture-Shift-Update protocol.

TDO [@—
Type-C instrument Self-instructed or 1500-like B
that operates identically to an 1149.1 Compatible TCK [
1500-TAM that has multiple internal registers TRe BT =] ]

and requires a Select-IR signal; has a serial-scan- _ _ .

path that may have multiple paths or contributors, Figure 1. First DFT architecture one TAP Controller in thacst
where one serial-scan-path is a local instruction This architecture is a direct application of th& EEP1687
register. An example of a Type-C instrument is gandard in 3D context where components of all diesseen
1500-wrapped core with core boundary-scan cell instruments. As described in 1, targeted imstents can be
that do not require the Transfer signal. of 4 types. Each die can be considered as an instruor can
Type-D instrument; is a Type-B or Type-Ccont‘?‘i” many instruments: three in this exampl_eVsT are
instrument whose control interface includes dfduired to drive IEEE P1687 control and test cagaals to
least one 1149.1 non-compatibility: such as @PPer dies.

signal that cannot be generated by the TAP Thjs architecture permits the internal test ofrstruments
controller. An example of a Type-D instrument isn the 3D stack simultaneously or individually bging the
a 1500-wrapped core with core boundary-scagEE P1687 infrastructure. The added DFT in thidhisecture
cells that do require the Transfer signal. is not costly: JTAG logic is added only for bottatie, and

The IEEE P1687 proposes different types of conviegti control signals are generated to upper dies thr@i&\s. But

schemes between instruments which can be groupedvwo
categories: hierarchical and non-hierarchical)flat

it will be possible to perform the test only at pbend level
since all control logic is embedded in the bottora. dne
major limitation of this architecture is that thest of inter-die
Non-hierarchical schemes include: flat, daisyinterconnections like TSVs is not possible sinceirtary-
chain, star, and concatenate. scan cells are generated only in the bottom digetéorm the

Hierarchical schemes include: Replace-Parer]iESt of external pads.

Before-Parent, and After-Parent. B. Second DFT architecture: Separate |EEE P1687 dies

_ In next section, we propose three DFT architecttde8D The second DFT architecture shown in figure 2 iseblaon
circuits based on this test standard which has nbemefits |EEE P1687 standard and also on automatic die-i@tec

including:

V.

[13]. Hereafter a short summary of the automatie- di

Using high level languages ICL (Instrumengl€tection mechanism is given.
Connectivity Language) and PDL (Procedural
Description Language) 1) Summary of automatic-die detection mechanism

Managing different types of instruments using The principle of the automatic die-detection isdiive
one common control logic based on the classicautomatically multiplexers of JTAG inputs (TRST*CK,
JTAG IEEE 1149.1 control logic. TMS, TDI) from pads or TSVs and multiplexer of JTAG
output TDO from current die or upper die. This li®wn in
figure 2, signals colored in red are automaticaliyfigured
by the mean of 2 die-detectors: one to detect theemce of

IEEEP1687BASED 3D DFT PROPOSALS upper die and one to detect the presence of loveer e

Three DFT architectures based on IEEE P1687 angopenl detectors are not shown in the figure for claritypgose, but

here: each one is composed of a micro-buffer cell andsaociated
_ ) TSV. The micro-buffer behaves like a normal bufféth an
A. First DFT proposal: One Tap controller in the stack additional pull-down resistance to detect high-iohgoece.

The first 3D DFT architecture based on IEEE P1687,
shown in figure 1, where only the bottom die haSEEP1687



2) Details of the second DFT proposal

Tt:

mogF———————————
Each die embed IEEE P1687 infrastructure, so able t].- ) P>
manage the test of different types of instrumeTités can be P R
the case of a 3D circuit composed of stacked Syste@hips Pl
(SoC), where each die has different componentsesgor LI 1] [H]
memories, digital logic ... The components of eaclt $an  ™°F ) —
be treated as instruments using IEEE P1687 tasfiate. TS ) (
el
i i
oo ¢ O] ]
- TDO[ { S
D—ID ’ Eﬁﬁ o
TRSTn TeK
l TRSTHD__’_D ‘
[P
—g IR il
IS'SS ) e Eﬁ_ﬁ‘ Figure 3. Third DFT architecture: multiplex of two test paths
TCKD—T_D
TR Data path TDI-TDO is shared between the 2 pathsewhi

control signals are multiplexed: either generatgdbbal TAP
« controller in each die as in the second proposafjenerated
by the bottom TAP controller as in the first proglos

IFD As the second proposal, this architecture allows d@é all

U1 components of the 3D circuit at all testing levedee-, mid-

and post-bond by the mean of 2 possible test pé#tlesleft

Figure 2. Second DFT architecture: separate IEEE P1687 dies path based on JTAG signals and the right path baseBEE
With this architecture, only JTAG signals are drivie P1687 signals. Multiplexing between these 2 paths i

upper dies: control signals (TRST, TCK and TMS) arddvantageous avoiding the configuration step offlin the

common for the 3 dies, and data signals (TDI andDyBre Stack, only the bottom one is configured which Heato

chained serially to form a daisy chain through 3ecircuit. Manage all instruments in the 3D circuit.

Each die has a full JTAG control logic, so each e
independent from the other. The use of IEEE P16&7dard

is local at die level, but simultaneous test issgae when
loadingGateway instruction simultaneously in many dies.

TDO
TDI
T™MS
TCK
TRSTn

L

fd

}_\\ETDDD

This architecture requires more DFT components and
TSVs than the 2 first proposals. Its circuitry igld more
complicated due to multiplexing logic which reqsire
configuration step.

With this architecture, all testing levels (pre-idmand
post-bond) are possible. Pre-bond level is doneutjir pad V. PRACTICAL IMPLEMENTATION ON A 3D CIRcUIT WITH
path which is selected automatically by the meandief PASSIVE INTERPOSER
detectors, and using JTAG and IEEE P1687 infratrac ‘g
Also, all JTAG instructions are permitted includirte A Real|st|ct§st case o o )
“extest” instruction which can be used to perfomtei-die Let's consider a realistic 3D circuit where diee atacked
TSV testing, “intest’ to perform internal die tesfi and ON @ passive interposer, and have different defgriest
launching the IEEE P168Tateway instruction able to infrastructures: die O (bottom left) is JTAG conapli and

configure dynamically many instruments to be testedhe Where IEEE P1687 can be embedded, die 1 (bottam) igs
same time or independently. a test interface with static signals (test stast enable, test

) ) _ result), and die 2 (top left) has a IEEE 1500 weags shown
In term of area overhead of this architecture, edieh in figure 4.

should embed: JTAG and IEEE P1687 infrastructuve, die-

detectors, and some multiplexing logic. In termdl@fibility, Wer 1Y
this DFT architecture is not flexible, in a way ttal dies — » j
should have at least JTAG interface and TSVs teedip and virsap ]

]

down JTAG signals. If one die is not compatiblenthbis
architecture cannot be used.

C. Third DFT architecture: multiplex of two test paths e

The third DFT architecture, shown in figure 3, isnarge
between the 2 first proposals with 2 possible peghs: left
path with JTAG signals and right path with IEEE B16 T3
control signals. The idea is to switch between 2hpaths .5
according to the type of test. As in the secondgsal die-
detectors are used to control the multiplexing dogfi JTAG Figure 4. DFT architecture for a 3D circuit on passive integr
signals making the TAP usable at all testing levels

Tst Result

[Tst Enableugru | |
Tst Start —)

|

=
1)
NN




Die 0 embed JTAG infrastructure: TAP controller, #Rd VI. CONCLUSIONAND FUTURE WORK
decoder and also IEEE P1687 infrastructure inclydinSIB
component controlling the right die TDR that man#ye test
of the bottom right die which is accessible to tésbugh
static test signals, die 1 is considered as a gypgstrument.

The other SIB controls the top die TDR which marthgetest enables the test of 3D components at all testinglde pre,

of the left top die which is accessible to tesbtiyh an IEEE mid and e
R . : post-bond levels by switching between s test
1500 wrapper, die 2 is considered as a type-Qumint. TSVs using die-detectors. The IEEE P1687 test stahds
. . : supported by Mentor Graphics Tessent IJTAG whegh hi
B. DFT insertionflow using EDA tool level languages can be used which are ICL and P®L t

The IEEE 1149.1 standard is widely used and supgorijecrease the development time and increase the ofusst
by many EDA tools, but few EDA tools support thevi&EE 6patterns from 2D to 3D.

P1687. Differences between IEEE 1149.1 and IEEESP1 ) )
can be found in [14]. The next step is to perform analysis of the propca3e
] ) ] test architecture in order to make comparison WITAG
In [15], an automated test creation for mixed sigifa pased test architecture in terms of cost anditest t
using IJTAG is shown, where Tessent IJTAG from Ment

Graphics is used as EDA tool. The experiments paed to
automatically retarget the PDL descriptions frorstimment
level to the top-level chip pins. The obtained hassshow that [1] WidelO JEDEC standard, sktp://www.jedec.org/

test setup length can be reduced by up to 56%. [2] E.J. Marinissen and Y. Zorian, "Testing 3D chipstaining through-
silicon vias", in Proc. ITC, 2009, pp.1-11.

Dean L. Lewis, HsienHsin S. Lee "A Scan lIsland Blagzesign

We have presented in this paper 3 DFT proposaksdbas
the IEEE P1687 test standard and on automatic eteztion.
A practical implementation on a 3D circuit in a §&e
interposer was given. Our proposed 3D DFT architect
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