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ABSTRACT

In this paper, a unified parameters extraction pro-
cedure for temperature and geometry scalable bipolar
transistor model Mextram has been demonstrated using
an example of high-speed SiGe HBT technology. The
essential feature of the proposed methodology is a di-
rect extraction of the temperature and geometry para-
meters from the measured electrical characteristics and
the model parameters are extracted only once for a sin-
gle reference temperature and geometry.
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1 INTRODUCTION

With the complexity and variety of bipolar tech-
nologies, the geometry scaling is typically not part of
the bipolar model descriptions and the geometry scal-
ing is performed apart from the model parameter ex-
traction [1]. Various auxiliary tools have been developed
to extract geometry scaling parameters based on certain
geometry scaling equations, process data and sets of sin-
gle device parameters at different geometries. However,
such a heterogeneous parameters extraction procedure
could be in some cases inefficient due to the switching
between different tools. Moreover, the resulting scal-
able model might accumulate the error originating from
individual parameter extraction steps in different tools.

In order to overcome the above mention deficiencies,
a unified procedure to extract electrical, temperature
and geometry parameter directly from measured electri-
cal data within the same extraction environment is pro-
posed in this paper. It is particularly implemented and
tested for the standard bipolar transistor model Mex-
tram [2].

2 PHYSICS OF TEMPERATURE
AND GEOMETRY SCALING IN
SCALABLE MEXTRAM MODEL

2.1 Temperature Scaling

There are 14 temperature parameters in Mextram
model. The physics behind these parameters are based

on the mobility and bandgap scaled with temperature
at emitter(E), base(B), collector(C) and substrate(S) re-
gion. Fig.1 shows temperature parameters in Mextram
including mobility (A*) and bandgap (V*, D*) tempera-
ture parameters at each region respectively. The device
temperature (T ) for scaling is usually normalized to a
reference temperature (TR) as:

tN =
T

TR
, (1)

where tN is the normalized temperature. Each temper-
ature scalable parameter P is a function of tN as:

P
Pref

=
{

1, T = TR.
f(tN ), T 6= TR.

(2)

Where f(tN ) is physical temperature scaling equation
of different parameter. When T is other than TR, P is
scaled to that evaluated temperature. The temperature
scaling rule for each P is part of the Mextram model
equations so it will not be derived here.
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Figure 1: Temperature scaling parameters, which is
based on bandgap and mobility variation over tempera-
tures, in Mextram model.

2.2 Geometry Scaling

The physical quantities in a bipolar transistor that
scales with geometry can be separated into three cate-
gories including I) current and charge, II) ratio of cur-
rent and charge and III) parasitic resistance. There are
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normally three PN junctions (E-B, B-C and C-S) in a
bipolar transistor. Fig.2 shows the top view and cross-
section of a PN junction, which can be separated into
bulk, sidewall and corner components depending on the
shape of the junction area. The electrical model para-
meter P that describe current or charge scales with area
of the junction can be described by following expres-
sion [3],

P = P
′′
AWeffLeff︸ ︷︷ ︸

Bulk

+P
′′
W Weff + P

′′
LLeff︸ ︷︷ ︸

Sidewall

+ P
′′
C︸︷︷︸

Corner

.

(3)

Where P
′′
A, P

′′
W , P

′′
L and P

′′
C are the constant geome-

try parameters that account for bulk, width, length and
corner contributions, respectively. Weff = W +dW and
Leff = L + dL are effective electrical width and length
of the junction while W and L are the drawn sizes of the
junction in the layout. dW and dL are the offset between
electrical (Weff , Leff ) and drawn (W,L) geometry. If
dW and dL are constant, (3) can be expressed in terms
of W and L as:

P = P
′
AWL + P

′
W W + P

′
LL + P

′
C .

(4)

Where P
′
A, P

′
W , P

′
L, and P

′
C are composite of geome-

try parameters in (3). If (4) can be further expressed
in the same form as temperature parameters, i.e.: a
reference parameter as pre-factor times its scaling equa-
tions. Both temperature and geometry parameters can
have the same extraction methodology. Just as temper-
ature is normalized to a reference temperature, P, W ,
and L in (4) are normalized to PREF and its reference
geometry (Wref , Lref ) as:

P
Pref

= PA
WL

WrefLref
+ PW

W

Wref
+ PL

L

Lref
+ PC .

(5)

Now, PA, PW , PL and PC are the normalized geometry
parameters. However, (5) is not the most compact form
for geometry scaling since the constant corner term is
in both reference and evaluated geometries. It can be
removed by following substraction:

P− Pref

Pref
= PA

(
WL

WrefLref
− 1

)
+ PW

(
W

Wref
− 1

)

+ PL

(
L

Lref
− 1

)
(6)

Re-arranging (6), the geometry scaling equation becomes:

P
Pref

= 1 + PA

(
WL

WrefLref
− 1

)
+ PW

(
W

Wref
− 1

)

+ PL

(
L

Lref
− 1

)
, (7)

which is the most compact form for geometry scaling.
When W = Wref and L = Lref in (7), the evaluated
electrical parameter P is equal to reference electrical pa-
rameter Pref as is in temperature scaling equations.
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Figure 2: Top view and cross-section of a PN diode.

Some of the scalable model parameters represent the
ratio of current and charge. For example, the ratio of
total base charge to B-C junction capacitance (CJC)
defines the forward early voltage (VEF). As a results,
VEF scales as:

P
Pref

=
1 + PA1( WL

Wref Lref
− 1) + PW1( W

Wref
− 1)

1 + PA2( WL
Wref Lref

− 1) + PW2( W
Wref

− 1)

+PL1( L
Lref

− 1)

+PL2( L
Lref

− 1)
. (8)

Only the geometry parameter in the numerator of (8) is
extracted here because the denominator is extracted
from scaling of CJC.

Parasitic resistance models current flows path from
external to intern node. There are three types of para-
sitic resistance in a bipolar transistor including vertical,
lateral and both vertical and lateral resistance. For re-
sistance that models vertical current flow path, it scales
with reciprocal of (7) as reciprocal of the current. For
resistance that models lateral current flow path, it scales
with the effective square of the flow path as:.

P = Rsq

(
Weff

Leff
+ C

)
, (9)
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where Rsq is the sheet resistance of square and C models
the constant corner effect. The reference based scaling
equation of (9) will be:

P
Pref

= 1 + PA

(
W

Wref
+ PW

L
Lref

+ PL

− 1 + PW

1 + PL

)
. (10)

For resistance that models both vertical and lateral cur-
rent flow path, it is modelled as vertical and lateral re-
sistance in series which is a combination of (7) and
(10).

3 IMPLEMENTATION AND
RESULTS

Since the temperature scaling equations and parame-
ters are part of the standard Mextram model already,
only the geometry scaling equations and parameters has
to be added in the scalable model. It can be done
easily by extending the standard Mextram model im-
plementation in Verilog-A [4] with additional geometry
scaling module and parameters. The Verilog-A model
can be employed within IC-CAP [5] environment using
Agilent ADS simulator [6] and corresponding Verilog-A
compiler. Parameter extraction for the scalable Mex-
tram model is demonstrated using a high-speed SiGe
HBT technology [7]. Fig. 3 shows the available device
geometry matrix for parameter extraction. To extract
temperature and geometry parameters in IC-CAP, the
measuring temperature and geometry of each device un-
der test have to be added in the measured data files as
additional input parameters.
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Figure 3: Geometry matrix for the scalable model pa-
rameters extraction.

Fig. 4 shows flow chart of a unified temperature
and geometry parameter extraction procedure for the
scalable model implemented as an IC-CAP model file.
The parameter extraction starts from a reference de-
vice. A good choice of the reference device is relative

large geometry in order to have area, sidewall and cor-
ner available but not too large to have self-heating effect
even in low current region. As a result, the reference de-
vice is chosen to have the width in the middle and the
maximum length in the matrix shown in Fig. 3. The
drawn emitter width (WE), length (LE), sheet resis-
tance of internal and external base, epi-collector doping
level and epi-collector thickness is specified as technol-
ogy parameters for initial parameters calculation to help
numerical optimizer to find the optimal parameter val-
ues during parameter extraction. The electrical parame-
ters are extracted for the reference geometry following
standard procedure [8] going from low current towards
high current related parameters. In the mean time, the
temperature parameters are extracted before high cur-
rent parameters to accurately model the temperature
rise from self-heating at high current region. The mo-
bility temperature parameters A* is determined from a
database of mobility temperature parameter vs. doping
concentration [9]. The bandgap temperature parame-
ters V* and D* are determined from the variation of
measured electrical data over temperatures [8]. Fig. 5
shows a setup for the extraction of a temperature para-
meter from temperature dependent Gummel plots.
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Figure 4: Flow chart of a unified parameter extraction
procedure in the IC-CAP model file.

After the extraction of reference and temperature pa-
rameters, geometry parameters can be extracted from
the same measurement data at (a) LE = LREF vs WE ,
(b) WE = WREF vs LE and (c) LE = LMIN vs WE

as marked in Fig. 3. It usually just takes two to three
repeat sequence of extraction for optimizer to find PA,
PW and PL. Fig. 6a, 6b and 6c show resulting plots
of cut-off frequency (FT ) vs. collector current (IC) af-
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ter high current and transit time geometry parameter
extraction.

T

Figure 5: Extraction of ”VGB” from measured collector
current IC at WE = WREF , LE = LREF and T =
25, 50, 75 100, 125, 150 ◦C.

The essential feature of the unified extraction proce-
dure is a direct extraction of the temperature and geom-
etry parameters from the measured electrical character-
istics and the model parameters as reference parameters
are extracted only once for a reference geometry. The
whole extraction procedure is integrated in the single
environment, which save time in verification of the final
scalable model results with measured data.

4 CONCLUSION

In this paper, a unified parameter extraction pro-
cedure is proposed for a scalable model Mextram. It
is implemented within an IC-CAP model file using an
example of high-speed SiGe HBT technology as a prac-
tice. No additional tool is needed for temperature and
geometry parameter extraction. As a result, the scal-
able model library generation is more efficient and the
accuracy is increased with the proposed parameter ex-
traction approach.
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