
TESTING

Cuttingthehighcostoftesting
A new modeling approach
to the overly long testing
of analog and mixed-signal
devicessaves substantially
on time and cost

The responsibility for
production-testing a new
line of low-cost 13-bit
ana1og-to-digiI converters
is youIS.Youmust devise a
test plan that can correctly
sort the devices into per-
fonnance bins. What do

youdo?Youtest the first few to come offthe
assembly line extensively, PDlminit1ghow
accurately the digitaloutputs correspond to
the analog inputs and storing the results,
which often deviate from ideal behavior.

Even though you are using the latest au-
tomatictest equipment. younotice that test-
ing a 13-bit anaIog-to-digitai converter
(ADC) at all its possible output codes re-
quires measuring 8192 (213)different values
of input voltage-a very time-consuming
task. And that is just for the room-
tempel3ture tests at nominal supp1y voltage.
More thorough testing could take seveI3l
times longer.

To keep production flowing, you realize
that you may have to buy more test stations.
But that capital investment would forre up
the price of the converters, supposedly Iow-
cost devices. You long for a simpler test plan,
one that would let you sort those convert-
ers accurately into the perfonnance bins
without increasing your costs.

Test engineers are constantly faced with
that challenge: how to develop test routines
that will correctly sort devices at minimum
cost. There are inevitable tradeoffs between

the expensiveness and thoroughness of the
testing; for a given cost, the more complete
the testing, the lower the throughput.

Over the last seveI3l years, a comprehen-
sive approach that optimizes the tradeoffs
associated with production testing of analog
and mixed-signal electronic devices has been
developed at the National Institute of Stan-
dards and Technology (NISl), Gaithersbwg,
Md. It is based on the fact that the behavior
of many devices is governed by a relatively
small set of underlying variables, which con-
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sequently determine the results of a laIge
number of measurements. In essence, a
simple linearcoefficientmatrix model of the
device is set up to re1atethe (relativelylarge
mnnber of)measured responses to the (rela-
tively small set 00 underlying variables.

This approach, an extension of the wen-
studied technique known as optimal design
of experiments. is then coupled with the
concept of empirical modeling. Although
much more computationally efficient than
the optimal design technique, the new ap-
proach yields nearly as good results. Early
evaluationsofits use in small-scalecommer-
cial experiments indicate its probable utili-
ty in situations where the candidate test
space is largeor otherwise expensive to test
exhaustively,and where a rather few under-
lyingparameters affectmanyaspects of de-
vice behavior-as is true with analog ICs.

In addition to testing converters, the ap-
proach is being applied successfully to a va-
riety of devices and instruments, including
amplifier-attenuator networks, filters, and
multirange instruments.

Despite suchachievements,however, this
approachmaynot be as effectivein other in-
stances. Unless a model is already available,
the method is best suited to large produc-
tion runs where the cost of developing the
modelandselecting test pointscan be amor-
tized over a large number of devices. Also,
certain types of nonlinearbehaviorcan seri-
ously reduce the efficiency of any linear
modeling approach.
IfSS ISBET1ER.Let us assume that the ini-
tial tests done by the test engineer on the
first eight devices in our aid converter ex-
ample yield the results shown in Fig. 1. For
simplicity, a fictitious 7-bit converter is il-
lustrated with 128 (27)code states.

Although it is probably not known to the
test engineer, and not obviousfrom the per-
formanceplots, the nonidealbehavior of the
converters is largely determined by rather
few semiconductor-processing variables,
here assumed to be seven [Fig. 2].

Tofinda solution for a system with seven
variables. seven independent equations, or
pieces of information, are required. In fig-
ure 2. the seven curves on the top repre-
sent the error signatures of the seven
variables.

Each variable is associated with a param-
eter that affects the behavior of the device
in a particular way.For example, parameter
al causes the entire response to be offset,
whereas a2 causes a positive offset in the
lower halfofthe response and a negativeoff-
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set in the upper half.
On the bottom of rig. 2, the producO<

run performance of device No. 8 is sho\\
to be a linearcombinationofthese seven sit
natures; the weight of each is the value (
the correspondingvariable. (The process i
conceptuallysimilarto the idea behind Foc
rier analysis, in that a function is decom
posed intoa set of differentlyweighted stan
dard functions.)

In this system, each candidate input tes'
condition, or test point, defines a lineal
equation; the total error at each point is <
linear combination of the seven signa~
evaluated at the same test point.

The standard way to test ADCs is to do
aII-codes testing-run the input over its
range so that all possible output codes are
generated. A 7-bit converter requires per-
formingat least 128tests, with 128separate
equations-one for each required value of
input voltage. But, since only seven in-
dependent equationsare needed to solve the
system, only seven test points need to be
measured to calculate the values of the
seven variables. Once those variables are
known, the entire behavior of the ADC can
be calculated-rather than measured-at
every required test point by weighting and
summing the seven error signatures.

Therefore, the test engineer reallyneeds
to test the converters under onlyseven con-
ditions to fully characterize them.

DefIaIDg lenDS

En81111d1bn: thecharacteristicYRfinwhichan
underiyingvariablecontributestothetotalerrorreo
sponseof a device.
1IIIeIrII , (Ill):a figureof meritlor an
analog.to-digilalconverter,equalto themaximum
deviationfromtheidealinput-outputcurve,not
countingthegainandoffseterrors.
NIImIIzied 18tIace:theratiod thevar.
iance01apredictiontothevariance01themeas.
urementnoiseonwhich~isbased.
OR~ astandardmethodforfactoring
amatrixintoaright(R)triangularmatrixandanor.
thonormal(Q)matrix-usuallydoneto makema.
chinesolutionslesssubjecttocomputerroundoff
errors.
ResIdaaIImIIS (ftlSlllaalsJ: thepart01a device's
responsethatis notdescribedbythemodel.
Test IICIIat an inputsignalor otherconditionap.
pliedtoadeviceundertest,towhichanidealreo
sponsecanbepredicted;~isalsocalledatestcon.
d~ionor inputcondition.
TestSIIIC8:thetolalrange01inputvariablesover
whichadeviceis tested.
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