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ABSTRACT

This paper presents a vertical BJT model developed by
IC and CAD industry representatives as a replacement for
the SPICE Gummel-Poon model. VBIC95 includes
improved modeling of the Early effect (output conduc-
tance), substrate current, quasi-saturation, and behavior
over temperature.

1. INTRODUCTION

The SPICE Gummel-Poon (SGP) model [1,2] has
remained essentially unchanged for over 20 years. While
this is a testimony to its elegant, intuitive, and physically
consistent formulation, it has been long known that the
SGP model has short-comings. Improved models have
been published [3-7]; however, none has supplanted the
SPICE 2G6 GP model as the de facto standard. To rectify
this situation, a group of representatives from the IC and
CAD industries collaborated to recommend an improved
standard BJT model for the semiconductor industry.

The initial charter of the group was to evaluate BJT
models developed since the SGP model, recommend the
best model, and work to bring it into the mainstream of IC
design. However the models evaluated did not satisfy all
requirements of the committee, so action was taken to for-
mulate a model that did. The major requirements were as
follows. First, the model should overcome the major defi-
ciencies of the SGP model. Second, complete source
code, documentation, and extraction algorithms should be
publicly available. Third, with default parameters the model
should simplify to be as similar as possible to the SGP
model. Fourth, the model should be C_.-continuous.

In this paper we will review the basics of BJT modeling,
and the deficiencies of the SGP model for modern BJTs.
We will then give details of the VBIC95 (Vertical Bipolar
Inter-Company, 1995) model, and the reasons that underlie
choices made during its formulation.

Our framework is a vertical NPN IC transistor, fabricated
in a P-type substrate. We thus consider only a 4-terminal
vertical model and work in NPN polarities. Many of the fea-
tures also make the model suitable for other structures and
PNP transistors. We will signify base, emitter, collector and
substrate by the letters b, e, ¢, and s, respectively, and cur-
rents flowing into these terminals as Iy, lg, I¢, and ;.
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II. REVIEW OF BJT DEVICE PHYSICS

In this section we will review 1-dimensional analyses of
lc and lp. The analysis of Gummel and Poon [1] is still today
the best description of bipolar behavior, and is the basis for
VBIC95. The review here follows [8,9].

We start with the electron continuity equation

q(an/at)-V-Jg = q(Gg-Re) (1)
and the drift-diffusion relation
Je = -QueNVy+qDeVn = -quenVo,, &)

where the symbols have their usual meaning. In steady
state and 1-dimension, ignoring recombination and genera-
tion, dJey/0t=0 so we have

Jex = QHeNie Viyexp(W/Vy,)oexp(-04/Vy,)/ox = constant.  (3)

Here Vi,=kT/q is the thermal voltage, and the mobile carrier
densities n and p are related to the electron and hole quasi-
Fermi levels ¢, and ¢y, and the effective intrinsic concentra-
tion n;e (including bandgap narrowing) via

N = Nig@Xp((W-0¢)/Viy), P = NigeXP((on-¥)/Vyy) (4)
where vy is the electrostatic potential.

Integrating Eq. (2) from x=0 at the emitter to x=w at the
collector, through the base, gives

Jox = (qvtv(eXp('¢ethv)'9Xp(‘¢eoNtv))) / (5)

Jo¥ (eXp(-w(X)/Va ) (16 (INig (X)) dx

where the explicit dependencies of y, ug and nje on x are
noted. Now ¢y, is nearly constant across the base region of
a BJT (in fact it is convenient to define the base as the por-
tion of an NPN BJT where ¢y, is close to constant, as this
consistently includes the case of base pushout) and the
junction voltages of the intrinsic device are related to the
quasi-Fermi levels by

Vbei = Op-beo, Vbci = ¢h'¢ew- (6)

Therefore, multiplying both the numerator and the denomi-
nator of the right side of Eq. (5) by exp(¢n/Vy,), multiplying
by the emitter area A, to convert current density to current,
noting that the transport current I is defined as positive
when flowing in the negative x direction, and using Eq. (4),
gives the fundamental Gummel-Poon relation
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Figure 1. Equivalent Network for VBIC95
lee = Is(eXp(Vpei/Viv)-eXP(Vpci/ Viv)) Ap- @)
The saturation current g is so from Egs. (4) and (1)
Is = 4AeViy/Gipo (8)
and the normalized base charge qy, is
Ap = Gp/Gpo- 9)

The base charge, weighted by mobility and the square of
the effective intrinsic carrier concentration, is

Gp = Jo" p/lbe(INe?(x)) dx
and Gy, is the value of Gy, at equilibrium.

The Gummel-Poon integral charge control relationship
(ICCR) leads to Eq. (7) for the transport current in a BJT.
The modeling of gy, addressed below, includes depletion
charge components, which give rise to the Early effect, and
the significant increase of the base charge with bias under
high level injection, the Webster effect.

The base current supplies holes that recombine in the
b-e space-charge region (the depletion region around the
b-e junction), in the quasi-neutral emitter, and at the emitter
contact. The net recombination rates for the Shockley-
Read-Hall and Auger process are

(10)

Rsrh = (np‘niez)/(Th(“+nie)""‘e(p"'nie))s (11)

Raug = (CeN+CrP)(NP-Nig?). (12)

The base current due to recombination in the b-e space-
charge region is dominated by Rg;,, because although we

from which it follows that the maximum Rg ¢ occurs for

W = 0.5(Vpgi -ViyloGe(th/Te)) (14)
and, for 1,=1¢, has a value
Rso,s(Max) = nigexp(Voei/ V) / (15)

((th+7e)(exp(0.5V i/ Vi) +1 )
Thus the space-charge region component of I, the integral
of Rgg grh» is Nearly proportional to exp(0.5V i/ Vyy)-

For the quasi-neutral component, n=Ny (the emitter
doping), ¢¢=0 and so from Eq. (4)

P = Nie”eXp(0n/Viy)/Ng <« n. (16)

It follows that np»nie2 and so
Ran,sth = P/Th = Nig?eXp(0n/Vay)/(Ngrtn) (17)
Rgn,aug = Cen’p = CeNdniezeXP(q’h/Vtv) (18)

and thus the quasi-neutral region recombination compo-
nent of Iy, the integral of Rgq g @nd Rgp aug, is proportional
to exp(Vpei/Viy), because ¢=Vy,q; Where this recombination
is largest.
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The hole surface recombination velocity S, at the emit-
ter determines the hole recombination rate there. The
recombination current density at the emitter contact is

Jh.ec = ASh(Pec-Peco) (19)

where pgso is the equilibrium hole concentration at the
emitter contact. For a shallow emitter with negligible
recombination in the quasi-neutral region,

Pec = Mg @XP(Vpei/Viv)/(Ng(1+83We/Dp) (20)

where wg is the emitter depth, so like the quasi-neutral
component, the emitter contact component of [, is propor-
tional to exp(Vpei/Viy)-

lll. DEFICIENCIES IN THE SGP MODEL

Unlike MOSFET models, which have proliferated
greatly (there are over 50 different MOSFET models in the
widely used HSPICE simulator), the SGP model! is still the
most widely used BJT model today, 20 years after its intro-
duction. However, it has become too inaccurate for low risk
design in modern technologies.

A major reason for the decrease in accuracy of the SGP
model has been the changes in BJT device technology
over the past decades. Reduced base widths mean that the
approximations made in the Early effect model in [2] give
unacceptably large errors in modeling output conductance,
Jo, In modern devices. Also, shrinking device dimensions
and changes in device structures mean that parasitic
capacitances not accounted for in the SGP model are now
important, e.g. the parasitic b-e capacitance from the
dielectric between base and emitter metallization. Changes
in doping profiles mean that collector resistance Rg modu-
lation (e.g. base push-out) is important. Although this was
recognized in the early 1960’s it has only recently begun to
percolate into the mainstream of simulation and design.
Base push-out affects AC modeling as well.

Parasitic substrate transistor action is important for
modeling, but is not included in the SGP model. Accurate
substrate current modeling is required both for designs in
which the substrate transistor can turn on and for designs
where it is meant not to turn on. For the latter, accurate
modeling of the turning on of the substrate transistor serves
to warn designers about design problems.

Other deficiencies of the SGP mode! include: poor scal-
ing with geometry (although more accurate scaling can be
done by using different models for different geometries, it is
still desirable to have a model that scales with geometry, as
diode, resistor and MOSFET models do); inadequate mod-
eling of high-frequency effects; inadequate modeling of
temperature effects; lack of modeling of avalanche effects;
and no modeling of self-heating.

IV. VBIC95 MODEL OVERVIEW

Fig. 1 shows the equivalent circuit for the VBIC95
model. Compared with the SGP model, VBIC95 includes
the following features that make it topologically distinct
from the SGP model. The parasitic substrate PNP is mod-
eled by a simplified GP transistor, quasi-saturation is mod-
eled after [4] with the elements Rg), Qpex, and a modified

Qpe, and by including the elements Iy and Qpgy, along
with Rpg), Ine and Qpg, the distributed nature of the base is
modeled to a first order. Excess phase is modeled with a
second-order network that implements the Weil-McNamee
approximation [10]. A weak avalanche current Igc is
included for the b-c junction. Finally, to model capacitances
associated with extrinsic parasitics, the constant capaci-
tances Cggg and Cpgeg are included. Note that in Fig. 1 the
intrinsic base resistances, Rg; and Rgjp, are modulated by
the normalized base charges, gy, and gy, respectively, and
the intrinsic collector resistance, R, is modulated by V.
Therefore, they are really current sources that depend on
more than one controlling voltage, but they are drawn as
resistors for easier understanding.

A self-heating model will be released as a separate
option for VBIC95. The model includes the thermal resis-
tance Rty and capacitance Cyy, along with the thermal
power source ly,, which couples the power generated in the
BJT to the thermal network. The local temperature rise at
node t is linked to the electrical model through the tempera-
ture mappings of the model parameters.

The default parameters for VBIC95 are such that the
elements of the model that are topologically distinct from
the SGP model are turned off. However, this does not
make VBIC95 default to SGP under these circumstances.
The Early effect approximation in the SGP model is known
to cause inaccuracies in output conductance modeling for
modern BJTs [11], so an Early effect model based on the
junction depletion charges is used in VBIC95. As Fig. 2
shows, this both qualitatively and quantitatively improves
output conductance modeling. However, this means that
existing SGP model parameter sets need to have the Early
voltages adjusted to work reasonably with VBIC95.

One final axiom underlies VBIC95. Many compact mod-
els of semiconductor devices are conditional, in that they
use different equations to model behavior in different
regions of operation. This is more common in MOSFET
models, where separation into subthreshold, triode, and
saturation region operation is common, but is also found in
the junction capacitance and current portions of the SGP
model. Real semiconductor devices do not, in general,
exhibit distinct regions of operation, but make smooth tran-
sitions between regions where different approximations to
detailed transport models become more accurate than oth-
ers. Therefore, regional models can be inaccurate near
boundaries between regions and can cause problems for
many numerical methods used for circuit simulation, can
limit the applicability of advanced numerical algorithms for
circuit simulation, and can limit the accuracy of distortion
analyses. VBICS95 is based on single-piece, smooth func-
tions. There are two exceptions to this. First, conditional
statements are allowed to avoid numerical catastrophes,
such as divide by zero. Second, while a smooth depletion
charge/capacitance model is available in VBIC95, for back-
ward compatibility the SGP depletion charge/capacitance
model, which is a regional model, is also included (and is
the default).

VBICS95 includes noise models similar to those of the
SGP model, with shot, thermal, and 1/f components.
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Figure 2. Output Conductance (Reverse Region, Detail)
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V. BRANCH CONSTITUTIVE RELATIONS

Below the branch voltages used are: Vpgi=Vyi -Vei
Viei=Vbi ~Veir Vbex=Vbi Ve Voep=Vox-Vop: Vocp=Vsi ~Vop:
Vpeo=Vp-Ve, and Vpeo=Vp-Vc, where Vy; is the voltage on
node bi in Fig. 1, and so on.

The forward transport current is, from above, [1]
lec = (It - ltr)/qp (21)
Iy = 5(exp(QVpei/NFKT)-1), Iy = I5(exp(QVpci/NRKT)-1)

where li; and |, are the forward and reverse transport cur-
rents. Separate nonideality factors Nr and Ng are included
for forward and reverse components of |, for compatibility
with the SGP model. However, we recommend using
Ng=Ng otherwise under certain circumstances the model
can become non-passive (i.e. can generate power).

The model Eq. (21) derives from the analysis given
above, and is the same form as the SGP model of [2]; how-
ever qp is modeled differently. Rather than using the
approximation of [2], we use the proper formulation [1,11]

gp = 94+0d2/dp (22)

a1 = 1+0je/VER+0ic/Ver G2 = hlkrti/lkr
where the b-e and b-c depletion charges are

e = Gj(VoeiPe:ME), Gic = Gj(Vbei-Pe:Mc)- (23)

Here Vg and Vg are forward and reverse Early voltages,
Ikr and Ixg are forward and reverse knee currents, and Pg,
Pc and Mg, Mc are the built-in potentials and grading coef-
ficients of the b-e and b-c junctions. g4 is smoothly limited
to be greater than 0.0001, to avoid numerical problems.

VBIC95 has two models for the depletion charge func-
tion g;. The first is the standard piecewise model of SPICE
2GS, e.g. [2]. The second is a single-piece model, similar to
[12], for which the capacitance smoothly limits to a constant
value for junction biases greater than the built-in potential
(see Fig. 3). This gives a good transition between the bias

1 1
35 0 0.5 1
Vi)

Figure 3. Depletion Capacitance Models
—— piecewise (SGP) ——smooth, single-piece

regimes where depletion and diffusion effects dominate the
junction capacitance.

From the above, the basis of the ICCR is the depletion
and diffusion charges in the base. Consistency of the I
and charge models implies that

CyeVEeR = CycVer(Ae/A) = Trlkr = TRIkR = Qo (24)

should hold, where A is the area of the collector, C;¢ is
scaled by A /A; for consistency with the 1-dimensional
analysis above, and Quo=A, o pdx. Cye and Cy¢ are the
zero bias b-e and b-c junction capacitances, 1 and 1y the
forward and reverse transit times, and these are used in
charge modeling in place of the Early voltages and knee
currents. As with the original SGP model, the above rela-
tionships are not enforced in VBIC95. This is for backward
compatibility and also because it recognizes that the model
involves approximations, so introducing separate parame-
ters for DC and AC modeling allows more flexibility in mod-
eling and simplifies parameter extraction.

If the excess phase model of VBIC95 is used, Iy above
is modified as follows. li+ in Fig. 1 is driven by Iy from
above. If the capacitance of the charge element Qs is C
and the inductance of the flux element Fy is L, then the
voltage at node xf5 is

Vyio = (1/LC)/(sP+s/L+1/LC) (25)

which, on setting L=Tp/3 and C=Tp, where Tp=1/0 is a
parameter of VBIC95, is just the second-order Bessel poly-
nomial approximation to excess phase of [10]. Vs is then
used to drive I .. Note that this implementation is consis-
tent between AC and transient analyses and is indepen-
dent of the numerical algorithm used for integration.

The transport current lec, of the parasitic PNP transistor
is modeled similarly to |, with the following differences.
First, because the parasitic is distributed between intrinsic
(under the emitter) and extrinsic (not under the emitter)
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components, the control of the forward component of lecp IS
split between Vbep @nd Vp; as follows,

litp = lsp(Wspexp(qVpep/NepkT)+
(1-Wsp)exp(qVpei/NrpkT)-1).

Second, no Early effect is included, and high level injection
is modeled only for the forward component, so

(26)

Qop = 1+02p/App, A2p = litp/lkp (27)

is the normalized base charge for the parasitic PNP.

The physical analysis of section Il shows that Iy, is asso-
ciated with a different physical mechanism than I, there-
fore rather than linking I, and I, by a phenomenolcgical
Be=lc/l, (in forward mode operation), the b-e and b-c com-
ponents of base current are modeled independently of .
The total b-e component of base current is

lot = lgg1(€XP(Vpe/ (N Viy)-1)

+lgen(eXP(Vpei/ (NENVH))-1)
and this is apportioned between intrinsic and extrinsic parts

Ibe = WaElbt, Ibex = (1-Wgg)lpt- (29)

The apportioning is done for two reasons. First, it is a first
order approximation to modeling the distributed nature of
the base, for both DC and AC modeling. Second, when
switching from large reverse bias on Vy, and Vy,, the base
is depleted of mobile carriers and Rgy/q, becomes large.
This causes erroneous simulation resuits because the
device is predicted to support a large forward Vi, until the
base charges up. In reality the transistor turns on at the
edges of the base first and does not support the large for-
ward Vye. This is a deficiency of the 1-dimensional analy-
sis, which does not account for this 2-dimensional
phenomenon. The apportioning of the b-e component of
base current into l,q and I, Overcomes this problem.

The ideal component of I, associated with the satura-
tion current Igg) and the emission coefficient Ng,, corre-
sponds to recombination in the quasi-neutral emitter and at
the emitter contact, so Ng, is close to 1. The nonideal com-
ponent, modeled with Iggy and Ngy, corresponds to recom-
bination in the b-e space-charge region, Ngy is of order 2.

The b-c component of base current is
Ibe = Izci(@XP(Voei/(Ng Vyy))-1)+

lzon{(eXp(Voe/ (NenVay)-1)
and a similar model, including ideal and nonideal compo-

nents, is used for lye, and lpgp. lpe is augmented by a weak
avalanche current, -lge, modeled as in [13]

(28)

(30)

lge = (lec"lbe)Ave1(Po-Voa)exp(-Ayca(Pe-Voc)MET)  (31)
where Ayc1 and Ayco are model parameters.

The resistances Rgy, Rg, Rgy, and Rg are modeled as
constants. The intrinsic base resistance Rg; is modulated
by qy, as noted in [1]. The SGP model includes two choices
for modeling the bias dependence of Rg,. One is gy modu-
lation as in VBIC95. The other models the distributed base
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effect that causes DC emitter crowding. In VBIC95, emitter
crowding, both DC and AC, is modeled to a first order by
the splitting of the b-e current and charge across Rg,. The
intrinsic base resistance of the parasitic Rgjp is modulated
by the normalized parasitic base charge qpp

The modeling of the current in the intrinsic collector (epi)
region is based on the analysis of [4]. Although the model
of [4] has been adopted in the major commercial SPICE
simulators, it is only recently becoming widely known that
the model of [4] can predict negative g, at high Vp,. If the
velocity saturation model in [4] is ignored, then the current
in the epiis

lepio =(Vyei +Viu(Kogi “Koex 1096 (Kpei + 1)/ (Kpext 1)) )/Re (32)

Koci = (1+76XP(VoeiVin)) V2, Koox = (1+76Xp(Voox/Ve)) 2
where Vg =Vpei-Vpex- IN [4] this is coupled with a velocity
saturation model p=po/(1+1g/Vdelivsay) Where vgy is the
electron saturation speed. This modifies the denominator
above to become Rg(1+IV,l/Vp) where Vo=wgpiVsar/lo.
This velocity saturation model is undesirable because it
introduces discontinuities in high order derivatives and
because it causes the negative g,. By using the alternative
model p=po/(1+(oVoe/Vsa)D) 2, and by using lepioRcy in
stead of Vg in this model, both of the problems are over-
come. Further, we empirically change Vg with V,;, through
the high R¢ parameter Hgep, to account for the increase in
collector current with increased V. at high Vy. The final
model for the current in Rg, is

Irei = tepio/(1+(lepioRcy/ (33)
(Vo(140.5(V,¢2 +0.01)"2(VoHRep))?) 2

where a smooth approximation to [Vl has been used to
avoid numerical problems and preserve high order continu-
ity. Fig. 4 shows |, from the quasi-sat model, along with
(Viei'tei)/Rey, which shows how the intrinsic collector resis-
tance is modulated with bias, and the internal voltages V;
and Vg, which clearly show the onset of internal satura-
tion. Note that at high V, the epi resistance exceeds Rg,
because of velocity saturation.

A self-heating model is defined for VBICS5. The thermal
power ly, is the sum of the products of the currents through
and voltages across each non-storage eiement of the elec-
trical network. Rty and Cry are the (linear) thermal resis-
tance and capacitance of the BJT.

Depletion capacitances, from the model described
above, are used for the b-e junction (with Cy partitioned
across Rp, by Wpgg, just as for the junction current), for the
b-c junction (split into Cyc and Cygp for the intrinsic and
parasitic devices), and for the c-s junction, with zero bias
capacitance Cycp A diffusion charge, T multiplied by ly, is
also included in Qp, (this component is not partitioned),
and 1 changes with bias as in the standard SGP model.
Qpe and Qugp include diffusion charges, modeled as 1
multiplied by i, and Iy, respectively. Q. includes a compo-
nent QgoKyei, Which models part of the charge associated
with base pushout [4]. The other part is Qp,=QcoKpex- Lin-
ear capacitors Cggp and Cgep are used to model the fixed

(bias independent) parasitic b-e and b-c capacitances,
respectively.

VI. TEMPERATURE MAPPINGS

BJT electrical behavior varies with temperature, and so
VBIC95 has temperature mappings defined for its model
parameters. The mappings are similar to, but improved on,
the temperature mappings for the SGP model.

The resistances have a temperature variation
R(T2) = R(T1)(T2/T1)*" (34)

where the temperatures are in Kelvin, and there is a sepa-
rate Xg parameter for each doping type region. This follows
an empirical model of the temperature dependence of
mobility [14]. Commonly a second order polynomial model
is used for resistor temperature variation. However, the
above model is preferred as it is invertible and transitive,
R(T4)=R(T{—=To>T4) and R(T1-T3)=R(T{->Ty—>T3),
which are physically sensible properties, and desirable for
model implementation.

The transport saturation current varies as

I5(Tg) = Ig(T1) (" Sexp(-EA(1-rr)/Vy,) N (35)

where ri=T,/T4 and X;g and E, are parameters. This is
similar to the SGP model and is based on the variation of
n,e2 with temperature. The other saturation currents have
similar temperature mappings, with separate activation
energies for ideal and nonideal components. This allows fit-
ting of Br and PR over bias and temperature.

The junction built-in potentials P vary with temperature
as (kT/q)Ioge(nnoppolniez), which is similar to the SGP
model, but avoids the problem with the SGP model of the
potentials becoming negative as temperature increases.
The zero bias junction capacitances vary as

C(T2) = C(T4)(P(T1)/P(THM (36)

where M is the junction grading coefficient. The parameter
v in the quasi-sat model is proportional to nie2 [4], and so
varies with temperature as Eq. (35). Vg is modeled simi-
larly to Eq. (34), with parameter Xyo, and N, Ng, and Ayco
are modeled as varying linearly with temperature.

VIl. PARAMETER EXTRACTION

Because VBICS95 can, by not using advanced features,
be made to be similar to the SGP model, existing extraction
techniques can be applied for some VBIC35 parameters.
However, to use the advanced features of VBIC95 requires
determination of the quasi-sat parameters, the partitioning
parameters, and the parasitic parameters.

Because the Early effect model, and hence the DC
behavior, depends on the depletion charges, the first step
is to extract junction depletion capacitance parameters,
using optimization. This is a major difference with respect
to parameter extraction for the SGP model, where the Early
voltages come from DC data only. Forward bias junction
capacitance data should be included, up to where the diffu-
sion capacitance becomes non-negligible, to ensure good
extraction of the junction built-in potentials. As a rule of
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thumb, data up to 2 to 3 times the zero bias capacitance
should be included. Separation of C,s and C,gp, for the
depletion components of Qe and Qp, respectively, is
based on layout or extractions from different geometries.

The Early voltages are determined by the method of [11]
and knee currents from analysis of forward, reverse, and
substrate DC current gains (e.g. the knee current is where
this gain drops to half its low-current value). These parame-
ters can be further refined by optimization. The saturation
currents, emission coefficients, and temperature parame-
ters for all transport and diode-like currents are estimated
from low bias data and then refined using optimization. Fit-
ting the low bias parameters is straightforward.

Resistances can be determined using existing methods.
However, there is a degree of indeterminacy in extracting
resistances from DC data only. Initial extracted resistances
are thus refined by simultaneous optimization of AC and
DC data (including high bias data) [15]. Transit time param-
eters and excess phase are likewise extracted using exist-
ing techniques and then refined as part of the simultaneous
DC and AC optimization.

Parameter extraction methods for VBIC95 are being
finalized and a recommended extraction strategy will be
available with the code for the model.

VIl. EXAMPLES

Fig. 5 shows forward Gummel and forward output char-
acteristics of VBIC95, for a modern device. The ability to
model | and |, over a wide range of biases is apparent.

Fig. 6 compares fits of the SGP and VBIC95 models for
forward output data from another modern device. The
improved fit through the transition to saturation is clear. Fig.
7 compares g, fits, from the same data as Fig. 6. The sig-
nificant improvement in conductance modeling, critical for
analog circuits, is apparent. The use of the depletion
charges in the Early effect mode, the quasi-sat model, and
the avalanche model, alf contribute to the improved fit.

VIIl. CONCLUSIONS

In this paper we have reviewed BJT device physics and
the weaknesses of the SGP model for modern BJTs, and
given details of VBIC95, a model developed by a group of
industry representatives to provide an improved BJT model
to replace the SGP model. The intent is to usher into wide-
spread use an improved BJT model. This is why represen-
tatives from a number of semiconductor and CAD
companies were involved. The goal is to reduce design risk
by improving the accuracy of circuit simulations.

Code for VBIC95 is publicly available and includes a
pseudo-code description of the model, routines for model
evaluation, test programs to verify implementation, and will
include extraction software and a program to map from
SGP model parameters to VBIC95 model parameters. We
expect the code to be on the web in the near future.

Future improvements to VBIC will include a 3-terminal
version, improved geometric scaling, and improved b-e dif-
fusion capacitance modeling.
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