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2.2.: Process Control Monitoring (PCM) Measurements
versus

Modeling Measurements

There is occasionally some confusion—between process engineers and modeling engineers—
about the term parameters. As an example, process engineers may define the threshold voltage
of a MOS transistor as the gate voltage that is required to generate a certain Drain current of
1uA, while modeling engineers relate it to the formulation of the selected MOS model. Often,
yet not quite model-specific, they define the threshold voltage to be the x-intersect of a line
fitted to the steepest slope of the transfer curve Id(Vg).

Therefore, it is obvious that these two parameter values are different. However, both
engineering groups refer to it as VTH. With bipolar transistors, it is the Early voltage VAF,
that process engineers define as the x-intersect of a tangent to the output characteristics, while
modeling engineers consider VAF together with other modeling parameters to achieve a fit of
the simulated curves to the measured ones.

It is in the statistical analysis that both worlds come together. Using factor or principal
components analysis, we attempt to explore statistical dependencies from a huge amount of
data (process and modeling parameters) together. It can be shown that if the model parameters
have been carefully determined (without using much optimization, as stated previously), they
have a direct relationship to the process parameters. This means that after such a statistical
analysis of process and modeling parameters (of both PMOS and NMOS transistors for
example), the model parameters can be related to the fewer process parameters. These are
measured continuously in production. This implies a considerable reduction of modeling
times.

Another means of distinguishing between the process and modeling parameters is the method
applied to measure these parameters. In production, spot measurements are usually
performed, that is, individual measurement points. The process parameters are then calculated
from these spots. These kinds of measurements are also called PCM measurements (process
control monitoring) or Parametric Test measurements. Contrary to that, it is always curve
sweeps that are required to do component modeling. The measurement curves and the
simulation curves should be made identical.

The following tables are intended to further clarify this difference between both parameter
worlds.
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Parametric Test (spot measurements):
Determination of parameters to describe and monitor a semiconductor production process

measurement type: parameters to describe the process

current-voltage (IV): gain, threshold voltages, delta_w, delta_L etc.

capacitance-voltage (CV): doping concentrations and profiles, oxide and metal impurities,
film thickness, carrier lifetimes etc.

Modeling (sweep measurements):
Determination of modeling parameters to achieve a fit of mathematical curves to measured
data

measurement type: parameters to fit the model curves to the measured curves

MOS bipolar GaAs

current-voltage (IV): VTH, U0, KP... IS, NF, BF... IS, NF, VTO, BETA...

capacitance-voltage (CV): CJ, MJ, CGDO... CJO, MJ, VJ... CGSO, CGDO...

S-parameters: ELM... TF, ITF, VTF... TAU, A5...
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Figure 1: Process Control Measurements during chip manufacturing.


