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Abstract

Modern packaging technology combined with
densely populated assemblies requires efficient
design for test features. In particular, modern
memories with complex interfaces need to be
addressed. This paper presents the details of a
test technology that makes assembly test more
efficient. The method is based on the
implementation of XOR and XNOR gates to
bypass a functional circuit. It is compatible yet
complimentary to Boundary-Scan. Mathematical
proof and simulation results show the
effectiveness of this method for detection and
diagnosis of assembly faults. Known alternatives
are compared for test coverage.

1. Introduction

Integration as seen on modern electronic assemblies
is going to force the test community to rethink their
test strategies. One of the growing problem areas
seen in consumer multimedia products is the high
bandwidth and small feature sized interconnects
between processing and memory elements. More
details on the history and motivation are discussed in
section 2.

The body of this paper discusses a solution called
‘Static Component Interconnect Test Technology’
(SCITT), which is simple yet effective. SCITT is
based on the implementation of a number of XOR
and XNOR gates (see figure 1) to bypass complex
behaviour, and a defined test mode to activate these
circuits. The theoretical basis of this solution is
presented in section 3. There we introduce and
discuss the fault model used in this paper and derive
precise coverage and diagnostic capabilities of this

test technology when using a predefined small set of
test patterns. In particular, we derive precise design
rules that allow full coverage of multiple faults and full
diagnosis of single faults. Section 4 deals with some
remaining coverage issues and section 5 presents
the current status and further actions. Conclusions
are in section 6. Appendices 1-3 are devoted to the
mathematical justification of some of our claims.
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Figure 1: SCITT implementation between 3 inputs
and 2 outputs

2. History and motivation

In 1997 a first study was done on a potential solution
for board level tests with a focus on interconnection

tests of complex memories. It soon became clear that
a generic solution is not only an assembly issue but
also an IC implementation issue. In the specific case
of SDRAMs a request for co-operation was sent to
several memory manufacturers. From this a joint
development was started with Fujitsu to look into a
solution and a ftrial implementation in a SDRAM
device. A first presentation was made in a fringe
meeting during ITC98. After positive feedback from
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this presentation, a first showing was done for the
JEDEC committee. In March 1999 there was a
second showing for the JEDEC committee. Dis-
cussions followed and the process is ongoing.

The simplicity of SCITT makes it an interesting
technology for IC production test as well. The
motivation for this research is given in the following
paragraphs.

The way electronic assemblies are tested during
volume production is constantly changing. A full
functional test is not possible any more for complex
designs. Test access through a bed-of-nails is
running out of steam. Visual inspection methods are
also not suited with the projected use of on-coming
area arrays like ball grid arrays (BGA) and chip size
packages (CSP) [1]. X-ray technology is still not fast
enough to deal with timing of volume production. At
the same time, the test effort during production can
hardly be expanded economically while time-to-
market and quality are ever demanding factors.

A further observation is about the average content of
component types in multimedia designs. These are
primarily processors or ASICs, surrounded by
memories like Flash and SDRAM. The interfaces to
the real world, mostly mixed signal by nature, are not
discussed here. Next to this there is a growing
amount of silicon and software in these systems.
Software based self-test is part of the solution but in
the rapidly changing consumer products still not
efficiently reusable.

All together this promotes the further application of
electronic test access in assemblies. A good example
of this Design-for-Test (DfT) approach is the still
growing usage of Boundary-Scan [2]. Most digital
connections can be efficiently tested with the help of
Boundary-Scan test (BST). Even testing the inter-
connections of simple memory clusters can be dealt
with [3]. The connectivity to modern ‘complex’
memory devices like SDRAM, Flash and RAMBUS
devices, form a new challenge for a few reasons:

1. Dynamic devices require forbiddingly high clock
frequencies for use with BST. Even a short
Boundary-Scan register length makes it difficult
to work with an effective refresh rate [4].

2. The complex access mechanisms of modern
memory architectures make interconnect faults
hard to diagnose. A failure in the access control
lines, due to an assembly defect, makes actual
memory access often impossible.

3. Writing into a Flash to test its connections must
be followed by a time consuming erase before
the target data can be loaded [5].

For board level manufacturing, the crucial question is:
‘Which device is faulty and must be replaced?
(diagnosis for repair is an issue). The following
questions should be answered to find a proper
solution:

e Can we find a static test method (BST
compatible) for these ‘complex’ ~memory
designs?

» Can we define a test method that is easy with
respect to pattern generation, diagnosis and
board layout?

 Can this be implemented in the memories at
acceptable costs?

» Can we define a method with broader usage
than assembly test only?

An answer to these questions is found in SCITT. This
test technology is based on bypassing the device’s
functionality by a simple logic function. A suitable
function is the XNOR and/or XOR circuit (See figure
1). The logic behaviour of this circuit and the way it is
implemented makes full detection and diagnosis
possible (simple and static). The fault model defines
the faults covered for assembly testing as described
later. The required patterns are walking patterns and
are easy to generate.

2.1 Alternative methods

Looking for alternative methods, the first idea is to
have Boundary-Scan implemented in the memories.
Next to the JEDEC packaging and compatibility
issues, the almost non-existing profit margin in this
memory market makes the implementation
impossible in practice. For even more complex
memory systems in the future Boundary-Scan may
still be the best solution from a technical viewpoint.
Some IC manufacturers report implementing NAND-
trees in their ICs (see figure 2). Other manufacturers
use AND-trees, XOR-trees or a transparency mode.
This extra circuitry is used for production test of the
ICs. When creating a production test for a PCB these
test modes are sometimes re-used. The NAND-tree
implementation detects almost all the faults on the
inputs of the tree. However faults on outputs and
inputs not connected to the NAND-tree are not
detected. Also functionally strapped inputs may
prevent using the tree. Diagnosing faults can be
difficult [6].
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Figure 2: A NAND-tree circuit

Another option that is interesting to look into was
already introduced in [7] and deals with a transparent
mode (see figure 3). This transparent mode
implementation detects all faults on the inputs and
the outputs connected to the transparent mode logic
(wires). The implementation requires an equal
number of inputs and outputs. Diagnosis can not
distinguish between the inputs and outputs of a
device, or if there are multiple devices in the "chain"
diagnosis can not distinguish between devices.
Control signals are not incorporated. Insufficient
coverage and/or diagnostic capabilities of these
methods are reasons to look for a new
technology.
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Figure 3: A transparent test-mode configuration.

It is interesting to compare this paper with [10]. Here
the general problem of testing a combinatorial chip
between boundary scan devices is described. This

compares well to the situation of a SCITT device
between BST devices.

Errors on the inputs of the combinatorial device are
observed by receiving flip-flops in the driving
Boundary-Scan cells. This way stuck-opens outside
the package of the driving pin are not detected.
Errors on the outputs of the combinatorial device are
activated by trying to find input combinations that
result in a walking sequence on the outputs. If some
of these patterns cannot be accomplished coverage
is lost.

3. SCITT Theoretical basis

This section describes the theoretical basis for
SCITT. We discuss in detail the fault model as used
in this paper. This model includes both single and
multiple faults and also considers oscillation and
multiple stable states due to faults. We will
demonstrate that by using a small set of standard test
patterns we have perfect detection (all multiple
faults incorporated in our model are detected, so we
have full coverage) and perfect single-fault
diagnosis (all inputs and outputs involved in the fault
are determined) for any SCITT device that obeys a
few specific design rules.

This section is called ‘theoretical’ because it only
looks at the behaviour of a device when it is in SCITT
mode, ignoring all aspects of the normal functional
behaviour as well as the way to get the device into its
SCITT mode.

In this context a SCITT device has a set of input and
output pins; each output is either the XOR or the
XNOR of some of the inputs and of course each input
is used in one or more of the X(N)ORs. The term
X(N)OR is used when either an XOR or an XNOR is
meant.

Note:  In order to compute easily with XOR and XNOR
functions, it is important to remember that the
XOR function is identical to "addition modulo 2"
or parity check of its inputs. So XOR(a,b,c) is the
same as odd(at+b+c) and XNOR(a,b,c) is the
same as even(a+b+c).

3.1 The fault model

The fault model that we use is common for board
level interconnect tests and considers all stuck-at
faults on inputs and outputs and all bridging faults
between groups of pins of the SCITT device.

The behaviour of the device in case of bridging faults
can be either deterministic or undeterministic due to
oscillations or even multi-stabilities. We consider
bridging faults of the following two types.



 Wired OR short. Here the resulting logical value
tries to be at '1' if at least one of the inputs and
outputs involved is at '1' and tries to be at '0'
otherwise. This behaviour is guaranteed if at
least one of the inputs involved is at '1', or if none
of the inputs involved can influence any of the
outputs involved and all these outputs
themselves have stable values; in other cases
roughly speaking the resulting logical value is
either undetermined (more than one stable state)
or oscillates (no stable state).

*  Wired AND short. Similar to an OR-type short,
but now the resulting logical value tries to be the
AND value of the inputs and outputs involved.

Our model will cover single and multiple faults of the

types mentioned above, with the single restriction

that we consider only non-overlapping bridging faults.

Overlapping of stuck-at faults and bridging faults is

incorporated in this model.

In this paper we do not consider bridging faults of
other types such as strong-driver short [9] and
extensions thereof. In case of a strong driver short,
the value is not determined by the OR (AND) of the
signals involved but instead by the strongest driver
and automatically results in stable values.
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