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HICUM/L2 v2.24* is certainly the best physics based bipolar model available today in circuit
simulators [1]

But, on the other hand, HICUM/L2 is also certainly the only physics based bipolar model
which can be fitted with unphysical parameters!... 

Demonstration...
• Application to the determination of the low collector current parameters C10, QP0, HJEI (equivalent to IS and VAR of

the SGPM) for advanced SiGe HBTs developed in the framework of DOTFIVE project [2].

* In all this document, for simplicity HICUM/L2 v2.24 will be maned HICUM/L2 
Introduction
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Extraction flow (single-geometry approach) [3]

1 BE junction capacitance parameter extraction

2 Split of the BE junction capacitance

3 C10 and QP0 extraction assuming HJEI=1
C10, QP0, HJEI direct extraction procedure
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• For each VBE, the BE junction capacitance is determined from cold S-
parameters measurements, in a given frequency range, using (average
value)

• The parasitic capacitances CPE (backend and spacer capacitances) are
determined from CAD tools.

• The model parameters, CJE0, VDE and ZE of the BE depletion capacitance
are directly extracted from a linear regression on the characteristic [4] 

CPE and VDE are chosen by dichotomy in order to maximize the magni-
tude of the correlation coefficient |r|, than ZE is deduced from the slope
and CJE0 from the y intercept
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Very accurate C(V) curve is obtained with the extracted parameters
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As the parameters are extracted on a single-geometry device, some assumptions are done
for the split (intrinsic/extrinsic part) of the BE capacitance
• We assume that the area component CJEA is the same for the area and

peripheral parts.
• The split of the BE junction capacitance can be then defined by

that leads to

• Application
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Expression of the collector current at low current densities and VBC = 0V

 (1)

Extraction strategy
• From (1) we can write

 and finally  (2)

• The internal BE depletion charge QJEI can be computed from the BE depletion capacitance

 which gives after integration 
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C10 and QP0 parameter extraction 
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• Therefore, from (2), at low current densities, the internal BE depletion charge QJEI vs. the quantity  is linear.

• The slope allows to determine C10/HJEI and the intercept QP0/HJEI.

First 

• Despite HJEI affect IC at low-medium current densities (equation (1)), to our knowledge, HJEI can not be determined
in this range of currents. As consequence, only the ratios C10*=C10/HJEI and QPO*=QP0/HJEI can be extracted.

• This method is very sensitive to the temperature which must be accurately known (regulated thermochuck).

Second 

• This method has been applied with success for several ST technologies. But, for devices having similar perfor-
mances than DOTFIVE technology, this method fails and gives a negative QP0 value (y intercept). Therefore the sa-
turation current IS=C10/QP0 cannot be determined.

e

VBE
VT
-----------

IC⁄
C10 and QP0 parameter extraction 
8/26



Direct extraction gives negative QP0 value
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As direct extraction failed: an inadequate
extraction strategy being always possible, glo-
bal optimization (Simplex algorithm) is used.

Optimization of C10, QP0 and HJEI on the semi-
normalized collector current ICN, at low and
medium current densities and VBC = 0V
• T0 (low current transit time) and emitter resistance extracted

in previous step.
Global optimization
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As direct extraction failed: an inadequate
extraction strategy being always possible, glo-
bal optimization (Simplex algorithm) is used.

Optimization of C10, QP0 an HJEI on the semi-
normalized collector current ICN, at low and
medium current densities and VBC = 0V
• To (low current transit time) and emitter resistance extracted

in previous step.

Perfect results are obtained, with very small rms
error.
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But in fact we fell in the HICUM’s black hole
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But in fact we fell in the HICUM’s black hole

A terrible trap for modeling engineers
• Physics based model
• Very good fit

• Unphysical model parameters
• QP0 = 10-20 underestimated 
• IS overestimated
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But in fact we fell in the HICUM’s black hole

A terrible trap for modeling engineers
• Physics based model
• Very good fit

• Unphysical model parameters
• QP0 = 10-20 underestimated 
• IS overestimated

How to avoid this trap?
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As QP0 was underestimated, QP0 is now fixed
to the value deduced from tetrode measure-
ment, as suggested by TuD, (QP0 = 39 fC) and
only C10 and HJEI are optimized

Same anomaly
• Physics based model
• Very good fit

• Unphysical model parameters
• Same C10/QP0 and HJEI/QP0 ratios
• IS overestimated
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Why global optimization fails?
C10, QP0, HJEI are optimized from the semi-normalized collector current IC over exp(VBE/VT)
at low and medium current densities and VBC = 0V

•

Global optimization will give only the ratio A = C10/QP0 and
B = HJEI/QP0, with the impossibility to distinguish C10 from
QP0 and HJEI from QP0 (2 equations, 3 variables)

This is confirmed from the trials we have done, an infinity
of C10, QP0, HJEI parameters can be found given the same
accuracy (but with non-physical parameters) if the ratios A
and B are preserved.

We hope that this ambiguity will be remove in the future
HICUM/L2 releases. Solutions are possible [6], [7].
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Explanation
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As an unphysical value is obtained for IS, now
IS is fixed (y-intercept, 79.5 aA), QP0 is also
fixed to the value deduced from tetrode mea-
surement (QP0 = 39 fC) and only HJEI is opti-
mized
• C10 is automatically calculated from C10 = IS.QP0

And now?
• Physics based model
• Physical parameters

IS = 79.5 aA

C10 = 3.1x10-30 A.C
QP0 = 39 fC
HJEi = 31.1

• Poor accuracy, especially where the transistor will be
used (around the fT peak)
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For advanced HBTs like DOTFIVE devices, the collector current cannot
be accurately reproduced with physics based parameters (C10, QP0, HJEI)
using HICUM/L2.

Before the availability of new HICUM release, workarounds must be
found to solve this important model issue.

The slope of the normalized collector current is too small.
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How to improve (increase) the slope
of the normalized collector current?
2 possibilities
• Play withe the charges QJEI
• Play with the non-ideality factor MCF
Conclusion
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The principle was first suggested by Z. Huszka [5]

Use the fact that the BE junction capacitance can be split-
ted in 2 parts (Intrinsic CJEI and extrinsic CJEP)

CJEI and its associated parameters are used for modeling
the IC(VBE) characteristic at low current densities

CJEP and its associated parameters are used for modeling
the fT characteristic at low current densities

For that CJEI0 must be fixed to a small value in order that
the DC capacitance parameters of CJEI do not affect the fT
characteristics

RBX RBI

CJEICJEP

B

ICN

VBE

1/2πfT

1/IC

CJEI parameters

CJEP parameters

VDEI, ZEI, AJEI

VDEP, ZEP, AJEP

CJEI0 0.1 CJE0_total×=

CJEP0 0.9 CJE0_total×=⎩
⎨
⎧

First workaround
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Very accurate results are obtained with phisical
model parameters

Today used in all ST model libraries

Possible limitation (fmax modeling): RBI must be
small, that is the case today for our advanced
HBTs. Still valid for THz devices?
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The second possibility to improved (increase) the
slope of the semi-normalized collector current is
to introduce the non-ideality factor MCF

•

Global optimization of C10, QP0, HJEI, MCF at low
and medium current densities (VBE = 0.45-0.85 V)
• Medium currents allow to determine QP0 (transit time parame-

ters known).
• Low current densities allow to determine C10, HJEI, MCF
• Very good accuracy as with workaround 1, but with a different

set of model parameter (C10, QP0, HJEI)
• QP0 closer than tetrode measurement (but not mandatory)
• IS (C10/QP0) similar.

• Warning: in order to avoid an offset on the IC(VCE) characteris-
tics at IC=0, MCR parameter MUST be set to MCF. Unfortu-
nately this parameter does not exist in HICUM/L2 
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Despite these 2 workarounds solve the limitations of HICUM/L2 v2.24, for advanced multi-
100GHz SiGe HBTs, at room temperature,

unfortunately, the temperature dependence issue of the collector current (critical for bandgap
applications) is not solved with these approaches [6], [7].

Other workarounds are needed in order to make HJEI (workaround 1) or MCF (workaround 2)
temperature dependent
• Temperature laws (quadratic law with 2 TCs) described outside the model using simulator script
Comments
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For HICUM/L2, the coupling between C10, QP0, HJEI is a  for modelling engineers
and still an issue for reliable (physical and accurate) parameter extraction.

A solution was proposed at the last HICUM WS to overcome this problem [6]

Strong limitations of HICUM/L2 v2.24 for modeling advanced SiGe HBT’s

Workaround are proposed to solve these problems at room temperature but still exist at other
temperatures
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New official HICUM/L2 release will have to take into account all these limitations with

minimizing all extraction 

Solutions were presented at the last HICUM WS [6], [7], [8]

In the meantime, daily modeling engineer activities will still look like this...
Summary
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New official HICUM/L2 release will have to take into account all these limitations with

minimizing all extraction 

Solutions were presented at the last HICUM WS [6], [7], [8]

In the meantime, daily modeling engineer activities will still look like this...

HICUM/L2

HICUM parameters
Summary
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