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Abstract - This poster represents a sum-
mary of the diploma thesis of K.E.
Moebus in 2006 at the Chair for Electron
Devices and Integrated Circuits.

Today’s semiconductor industry is character-
ized by filerce market competition, caused by
quickly evolving technology and declining prod-
uct life cycles. These circumstances force the
semiconductor industry to reduce time-to-mar-
ket and increase yield in order to lower the cost.
Thus, it was the objective of this work to inte-
grate an automatic optimization procedure into
TRADICA (TRAnsistor DImensioning and CAlcu-
lation) to increase the competitiveness of
semiconductor companies.

As one canseein Fig. 1, the optimization meth-
od integrated (only for bipolar transistors right
now) consists of two succeeding optimization
steps called Simulated Annealing and Nelder-
Mead Simplex Method. Simulated annealing is
started severaltimesin aloop until convergence
Is reached. Simulated annealing itself is an ex-
tended version of the Nelder Mead simplex
method combined with an random variation.
Thus, the optimization algorithm can find a glo-
bal extremum (with some minor deviations) in
the presence of several local extrema. After-
ward, a pure Nelder Mead optimization is
performed. The Nelder Mead Simplex Method is
used to fine tune the results of the first optimi-
zation pass which is necessary due to the
random character of simulated annealing.
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Fig. 1: Optimization procedure integrated in
TRADICA.

The performance of a device or process is mea-
sured via figures of merit (FoM) such as transit
frequency (fr) and noise figure (NF). The opti-

mizer is used to find the extremum of an FoM
within a specified search range. Hence, there
are two options to increase productivity by uti-
lizing the optimizer in TRADICA.

The first one is called device sizing, meaning the

emitter window dimension at the extremum of
an FoM is calculated while the process technol-
ogy is kept constant. Fig. 2 shows that TRADICA
finds the transistor configuration to ensure
maximum fr. The calculation takes only a few

seconds. Thus, the designer saves a significant
amount of time considering the complexity and
number of transistors ICs consist of.
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Fig. 2: Reference surface of f; vs. emitter window

dimensions and TRADICA calculated maximum
(indicated by an arrow).

The second one is called process optimization.
Here, the transistor configuration is held con-
stant while the optimal device design is
calculated w.r.t. a suitable FoM. Process optimi-
zation is necessary to meet the various and
diverging requirements of, e.g. mobile applica-
tions. Hence, products will achieve optimal
performance if fabricated with an optimized pro-
duction technology (see Fig. 3).
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Fig. 3: Reference surface of NF vs. collector width
and internal collector doping concentration varia-
tion (TRADICA calculated minimum is indicated
by an arrow).

Based on the newly integrated optimization al-
gorithm process and device development for
bipolar transistors can be enhanced. It is possi-
ble to optimize the transistor configuration w.r.t.
circuit FoMs. Multidimensional optimizations
can be performed quickly (minutes compared to
hours for traditional optimizations) with signifi-
cantly lower cost.
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