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ABSTRACT

A configurable integrated test (CIT) model
has been developed for GaAs MMIC manufactur-
ing control. The optimal process/test strategy of
a MMIC in production phase can be predicted
from this model. A new method using optimiza-
tion concept is demonstrated to calculate parame-
ters of the CIT model from process/test history.
This method will estimate realistic screening pro-
babilities and hence predict optimal test strqtegy
accurately. The description of this new method
and examples are presented in this paper.

CONFIGURABLE INTEGRATED TEST

MODEL

It is well known that the cost of test dom-
inates the MMIC manufacturing cost [1]. Tbe
establishment of a test plan is then a very impor-
tant task before the production of a specific chip.
A systematic metiod, called confi~rable
integrated test (CIT) [2-3], has been developed to
analyze the detailed yield and cost effects in pro-
duction and predict the optimum test strategy (in
terms of cost). This concept is implemented into
a mathematical model based on the characteriza-
tion of each process and/or test step during
manufacturing. Engineers can use this model to
simulate the yield and cost of all the possible
combinations and sequences of test procedures.
As a consequence, the optimal process/test stra-
tegy can be predicted. Quantitative prediction of
all potential test strategies with the CIT model
results in an accurate cost estimation for the mass
production of chips. It is noted that for some
cases the cost of a MMIC chip could be reduced
by up to 50% according to the “what if’

scenarios suggested by the CIT model. This
number can be even higher if some high
efficiency and low risk test technology is
developed and used.

The CIT model in a MMIC chip production
is characterized by a series of process/test steps
including in-process tests, on-wafer tests and chip
tests. Each step contains three screening

probabilities: screening efficiency (chance of
identi@ing and rejecting a bad unit, denoted as
e), screening risk (chance of misidentifying and
rejecting a good unit, r) and fallout (chance of
degrading a good unit to a bad one during
testiprocess, ~). A “potentially good” (or simply
“good’) unit means the unit will meet final
specifications if not degraded in later process or
test steps. A “bad” unit at a certain step is a unit
which is not potentially good. The cost functions
associated with each step consist of fixed cost
(cf ) and unit cost (cU). The quantities to be cal-
culated from the model are defined as input and
output (I/O) functions of each step, and include
yield (Y), the number of total remaining units
(N), the percentage of potentially good units (G)
and cumulated unit cost (C).

A block diagram in Fig. 1 illustrates 1/0
functions and model parameters of each step.
The subscript i stands for each quantity of step z’.
The input of step i is simply the output of step
i –1. These 1/0 functions for a MMIC with M
process/test steps are described by a set of recur-
sive equations which related with model parame-
ters as

Ni = Ni_~Y~ (1)

Yj = 1 – ei + (ei – ri)Gi-l (2)

Gi-l
Gi=(l_ri_~i)~ ,

i
(3)
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Ci = Co + ~ (Cj~ + c~~N~.l)> (4)

k=l

for i = 1, 2,..., M. The initial conditions from
the wafer initiation are also needed for the recur-
sive calculation of outputs of each step:

NO = initial unit number,

G ~ = percentage of potentially good unit
before wafer process,

C ~ = cost of wafer initiation.

The recursive relations (1) to (4) essentially
form a system of difference equations, and the
1/0 functions are simply state variables from a
system’s point of view. The derivations of equa-
tions (1) to (4) are based on the definitions of 1/0
functions and model parameters, where (2) and
(3) can be carried out by using the relative
occurrence frequency interpretation of probability
without much difficulties. Equations (1) and (4)
are simply the definitions of the yield for a single
step and the cumulated cost. For detailed
description of this model, see [2].

NEW METHOD To DETERMINE

MODEL PARAMETERS

Since cost functions of each process/test step
in the CIT model are dependent of process
recipes and test techniques, this issue is not dis-
cussed here. For the screen probabilities, there
are several ways to determine them as presented
in [2] and [4]. However the method using com-
plete process/test yield history mentioned in [2] is
most straightforward and intuitive. It is briefly
described here.

Let us define the following sets during a par-
ticular step i:

l?= the collection of units rejected at
step i,

G = the collection of potentially bad
units before step i,

step 1

H = the collection of potentially good
units before step i,

E = the collection of good units
degraded to bad ones during step i.

Then the three screen probabilities can be
expressed as

ei = P(FIG), ri = P(FIH), ji = P(EIH) (5)

and can be calculated from the definition of of
conditional probability of event X given event Y:

P (x~Y) Nxf-)Y
P(XIY) = p(y)

‘~’
(6)

where Nx stands for the number of elements in a
finite set X.

The new method is presented as follows.
For a complete process/test history of a particular
MMIC chip, the parameters of the i th step ei, ri
and f i (1 < i < M) can be estimated from (5)
and (6) for a certain test sequence. Since the
adaptive or “configurable” nature of tlis CIT
model is based on the assumption that for each
individual MMIC, the model parameters of step i
are invariant for given final specifications and the
i th screen criteria under the same test conditions,
in reality the model parameters will not be identi-
cal in general if some of the previous screen cri-
teria are changed. In order to overcome thk
inconsistency, the concept of least error solution
for an over-determined system of linear algebra
equations can be applied to resolve this issue and
thus estimate the more realistic parameters.

Suppose there are n realistic and non-trivial
modifications of screening criteria of the testing
procedure before the i th step. A non-trivial
modification of screening criteria simply means
that the quantities Yi, Gi ~d Gi_l obtained from
the test history with modified criteria are different
form those with other criteria. However under
these n different situations the test conditions
remain the same at step i, that means ei, ri and
~i can be assumed to be the same for these n

step i step m

Fig. 1. Block diagram of CIT model.
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situations.

NOW the invariant parameters ei, ri and ~i
can be determined. Since there are n sets of Yi,
Gi and Gil from n non-trivial modifications of
screening criteria, denoted as Y/, GJ and G{.l for
j = 1,..., n, we can apply these quantities to
equations (2) and (3), then there will be 2n equa-
tions for 3 tiowns (ei , ri and ~i ):

Yil = 1 – ei + (ei – ri )Gi\l

Gi!.l
Gil=(l -~i –.fi)~

1

....................

....................

Y: = 1 – ei + (ei – ri )G~_l

(7)

These 2n equations form an over-determined sys-
tem of linear algebra equations. The least error
solutions of (7) can be obtained as the optimal
parameters for certain choices of norm. Since the
screening probabilities are all bounded by O and 1
according to the definition of probability, this
problem can also be classified as a constrained
optimization problem. The same approach
applies to other steps except the first one.

EXAMPLES

A set of CIT model parameters has been
derived from the new method for a monolithic
MESFET two stage IF amplifier currently fabri-
cated under GaAs MANTECH Program*. This
amplifier occupies a chip size of 84x46 mi22 and
utilizes feedback at the first stage [5]. The
predicted gain is 15+1 dB from 1.5 to 4.5 GHz,
and the input and output VSWR less than 2.0
over the frequency band. More than fifteen
thousand (15,000) chips have been tested during
production. The manufacturing process and test
procedure of this amplifier are characterized into
fourteen (14) steps, as depicted in Fig. 2. There
are six in process tests (IPT) including steps 1 to
6 for wafer process monitoring in the top side
processing phase, each IPT is performed after a
certain process as specified in the figure. Steps 7
to 11 are on-wafer DC and RF functional test
along the tail end process (backside metaI pro-
cess, wafer dice and chip assemble). Steps 12 to
14 are the final assurance tests.

Our CIT model can be applied to this chip
manufacture for illustrating the significance of

[ IMMIC Process/Test I
seq step
o lot initiation
1 IPTI (implant & anneal~

2 IPT2 (ohmic contact)

3 IPT3 (TFR)

4 IPT4 (gate recess)

5 IPT5 (gate metal)

I 6 I IPT6 (top metal);TEG 1

10 Idice and select
11 Iassemble (carrier) {

Fig. 2. Fourteen steps of process/test procedure of
the MESFET MMIC.

this new test strategy. For the first example, four
different test strategies with combinations of on-
wafer DC and RF circuit functional test (steps 7
and 9) are simulated. The results of cumulated
unit cost versus four different test strategies are
shown in Fig. 3. All the cost numbers are nor-
malized to the highest cost option. One can
observe that the lowest cost procedure is the one
performing RF test but skipping DC test, which
reduces the chip unit cost by 26% if compared
with the option which skipping both DC and RF
tests. The second example is a high reliability
(Hi-Rel) application, for which the chip assembly
cost is twelve times higher than the previous
example. The importance of on-wafer RF circuit
functional test is much more significant since the
high chip assembly cost can be greatly saved if
bad units are screened out early. The cost reduc-
tion becomes 42% by the comparison of the
option with both DC and RF tests between the
one skipping both DC and RF tests (Fig. 4).

CONCLUSION

The optimization (least error) concept has
been applied to determine the parameters for the
CJT model which is developed for systematic
analysis of process/test strategy. Significant cost
reduction can be achieved by using this tool to
predict the optimal test strategy with accurate
model parameters. This CJT model can provide

*Manufachrring Technology Program for solid state system is supported by Directorate

of Wright Research and Development Center at Write-Patterson AFB under Contract

F33615-85-C-5604 to Westinghouse Corporation.
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real-time test evaluation and feedback to
engineers if integrated with test data base. It is
believed that the CIT model will play a very
important role in managing and controlling GaAs
MMIC chip manufacturing cost in the near
future.
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Fig. 3. Simulation results for four different test
strategies.
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Fig. 4. Simulation results for Hi-Rel application.
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