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by Randy Kramer, Teradyne

Semiconductor manufacturers continue to
look for ways to reduce the cost of test for
producing mixed-signal SOC and SIP devices.
Parallel test strategies, known as multisite test,
implemented on ATE have grown from two sites
a few years ago to eight or more sites today.

Looking into the future, continued increase
in site count will encounter some significant
challenges. For example, the amount of device
interface board space available to hold the
handler device contactors and the applications
circuitry for mixed-signal devices is limited.
Also, the increased cost associated with adding
instruments to the test system configuration can
quickly meet diminishing returns as parallel test
efficiencies reach levels greater than 95% for
short test times.

As a result, the semiconductor manufacturer
has turned to its design organization to imple-
ment design-for-test techniques to help reduce
test costs. The designs of integrated mixed-signal
SOC and SIP devices now provide the capabil-
ity to test each of the building blocks within the
device as though they are separate devices.

Accordingly, the blocks of the device have
the capability to be tested simultaneously, which
is referred to as concurrently. This leads to a
new test strategy called concurrent test. When
concurrent test is combined with multisite test,
significant throughput gains and lower test
costs are attainable.

Why Measure Concurrent Test
Efficiency

Similar to how parallel test efficiency is mea-
sured to determine how effective multisite test
is, concurrent test also requires a performance
measurement to determine how effectively this
new test strategy is implemented. Concurrent
test efficiency (CTE) is a means of measuring
how well the test strategy is implemented and
determining how well the device was designed
to support a concurrent test strategy.

A concurrent test implementation known as
the concurrent test flow is dependent on several
factors. The first and most critical is test access
to the individual blocks of the device, which is
enabled by the device design. The second issue is
the test system architecture and its specific instru-
ment configuration because these can limit the
number of activities that occurs simultaneously
within the system.

The final factor influencing the amount of
CTE achieved comes from the test system’s
software capability for implementing a concur-
rent test flow and how well the test programmer
utilizes that capability. This is related to the
amount of test development time devoted to the
concurrent test implementation, especially if
the software system does not provide features
to make this task easier for the test engineer.

Process for Concurrent Test Flow
Development

Before reviewing the equation for CTE mea-
surement, it is important to understand the process
for developing a concurrent test program. The
typical process entails four steps:

* Single-site serial test flow

» Multisite serial test flow

* Single-site concurrent test flow
e Multisite concurrent test flow

The first step is to establish the serial test flow
for single-site operation to ensure the device
interface board is working properly, provide a
simpler environment to debug the tests and device
functionality, and make certain that test results
correlate to a defined reference standard.

As s typical for test program development, next
is implementing the multisite flow. This ensures
all test sites are working correctly on the device
interface board.

Once this is accomplished, the third and most
challenging step is to implement a concurrent
test flow for a single site. This can be very time-
consuming. It could require the engineer to
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Figure 1. Device With Six Functional Blocks

rewrite the entire program unless the
tester’s software allows the program-
mer to create a concurrent test flow
directly with the tests used in the serial
test flow.

When the same test code is used
between the serial and concurrent
test flows, it is much easier to deter-
mine if a concurrent test problem is
associated with the device or if the
problem is associated with the test
program code. In fact, being able to
use the same test code in both a serial
test flow and a concurrent test flow
significantly reduces implementation
time and makes debugging and main-
taining the test program much easier
over the long run.

Once the concurrent test flow is
established for single-site operation,
the final step is to ensure the concur-
rent test flow works in the multisite
environment. Each of these steps cre-
ates a methodical process to establish
a high-throughput, well-correlated
concurrent test flow program in a
multisite test environment. Throughout
the execution of the steps, the same
device interface board is used since its
initial design objective is to implement
concurrent multisite testing.

CTE Measurement

The CTE measurement is based on
the test time of serial test flow on a
single site. The equation for CTE is
as follows:

100% CTE

Full Functional
Test

92% CTE

CTE = I-{(CTT-ICTT)/STT-ICTT)}
where: STT = total test time for the
serial flow of the test program
CTT = total test time for the
concurrent flow of the test
program
ICTT = ideal concurrent test
time enabled by the device
The ICTT is made up of two parts.
The first portion of this parameter is
the time it takes to execute the portions
of the device test program that must
operate serially. For example, there
may be a requirement to run the device
as a complete functional system. This
would operate serially relative to the
concurrent operation of individual

blocks of the device. There also may be
an initialization sequence required by
the device as well as continuity, leak-
age, and power supply tests to make
sure the device is functional.

The second portion of the ICTT
parameter is the amount of time nec-
essary to test the longest block of the
device identified from the serial test
flow. In the example shown in Fig-
ure 1, the serial flow executes Block
A followed by Block B, and so on.
The ICTT is the sum of the initialize
function, functional test, and the tests
associated with Block D. Based on
the serial test flow, Block D has the
longest test time of all device blocks.
This example shows a final concurrent
test flow achieving 92% efficiency.

The ICTT also needs to include any
device limitations that may prevent
concurrent operation. For example, it
may not be possible to operate scan
tests on a device while concurrently
testing other blocks because of device
power supply issues.

Another typical constraint may be
block accessibility. If an operating
block in the device can only be ac-
cessed through another block or can
only operate in conjunction with an-
other block, then concurrent test on the
inaccessible block will be limited.

These limitations need to be in-
cluded when defining the ICTT. In
Figure 2a, the ICTT includes the
device limitation where Block F has
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to be tested serially with Block D and
the sum of the initialize function and
functional test.

Achievable CTE

There also may be limitations caused
by the test system’s architecture and
configuration. For example, if there are
four blocks on the device that can be
tested concurrently and have different
operating frequencies not related to
each other, the tester has to be capable
of generating each set of frequencies
simultaneously. This requirement is
commonly referred to as multiple time
domains in the tester.

If the tester only provides two
unique time domains, then it will
limit the amount of concurrent test

that can be implemented and impact
the overall achievable CTE. In Figure
2b, the achievable concurrent test time
reflects an example where the tester
is limited to only providing two time
domains and requires the flow shown.
In this situation, the best achievable
CTE is 80%.

The elements that make up the ICTT
as well as the issues that impact the
achievable CTE must be clearly un-
derstood to determine appropriate im-
provements and minimize the overall
cost of test.

When the test engineer implements
the concurrent test program, he will be
expected to get as close to the achiev-
able CTE as possible. The ability to do
this will be impacted by how easy it is

CTE vs. Throughput Improvement

to implement the test program using
the tester software and the performance
of the tester hardware to perform func-
tions such as capturing DSP data for
processing and setting up instruments
in parallel.

The more efficient the tester is at
performing these functions, the closer
the test engineer will be able to get to
the achievable CTE. The final CTE
will be mostly impacted by how easy
the test system software makes the job
for the test engineer to implement the
concurrent test program.

The SI Ratio

The measurement of CTE needs to
be used carefully when determining
whether or not to continue invest-
ing valuable engineering resources
to improve the final CTE. For that
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Figure 3. Impact of SI Ratios on Potential Throughput Improvement for Various CTE Values
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Figure 3 shows how various SI ra-
tios can impact the potential through-
put improvement achievable for a
variety of CTE values. Throughput
improvement becomes more sensi-
tive to changes in CTE as the SI ratio
increases. A higher SI ratio indicates
there is a greater amount of concur-
rent test capability in the device.
Throughput improvement of 100% is
equivalent to half of the test time and
produces 2x the number of devices per
unit of time.

As higher levels of CTE are
achieved, the nonlinear relationship
between CTE and throughput im-
provement shows that small incre-
mental changes to CTE will translate
into significant changes in throughput
improvement. So if a test program is
achieving 50% CTE and has an SI

ratio of 3.0, a 10-point improvement
in CTE can provide a 17-point increase
in throughput improvement.

Summary

There are several key benefits asso-
ciated with using a consistent, stand-
ardized method for measuring CTE.
It assists in projecting test times for
new devices, determining if additional
test engineering effort will provide
substantial test time improvements,
and comparing the performance of
test solutions across multiple device
products. It also is a way to measure
the implications of potential device
design or test system configuration
changes to improve the CTE and re-
duce test times.

The capability to implement a
concurrent test program in a short

amount of time has the biggest im-
pact on CTE. The easier it is to de-
velop a test program with a reason-
able level of efficiency, the quicker
reduced test times can be attained for
production test and the sooner cost
reductions will be realized by the
semiconductor manufacturer.
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