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C. Schippel / F. Schwierz/ J. Fu

Investigations on the Non-Ideality of the Base

Current of RF Bipolar Transistors

Abstract

The non-ideal characteristics of the base current of an experimental SiGe-HBT

has been investigated through 2D device simulation. To determine the origin

of the device’s imperfect DC behaviour, several mechanisms of charge carrier re-

combination within the transistor has been investigated. Since such recombina-

tion mechanisms influence the characteristics of the device differently, the origin

of non-idealities can be identified by comparision of measurement and simulation.

1 Introduction and Motivation

When an established manufacturing process for semiconductor devices is modified,

many uncertainties are involved. Subsequently, the devices fabricated in the first runs

of the modified process do not perform as expected. At this point device simulation is

able to provide insights into the origins of the these far-from-perfect device characteris-

tics through applying appropriate physical assumptions. Thereby the technologists can

be supported to get the new processes from an experimental to a ready for production

state with minimum effort in time and costs.

This work is based on 2D device and technology simulations of experimental Silicon-

Germanium heterojunction bipolar transistors (SiGe HBTs) in a BiCMOS process flow

(see Fig. 1). In our study the simulators ATLAS [1] and ATHENA [2] have been

used. Fig. 2 shows the Gummel plot of imperfect devices having an unusually high

ideality factor of the base current ηIB
. From the circuit designer’s point of view this

is a highly unpleasant device characteristic since the current gain β is degraded

(Fig. 1(b)). Such a device behaviour can be modelled by assuming a low lifetime

of the majority charge carriers in the base (see again Fig. 2 for the agreement be-

tween measurement and simulation). However, this approach does not provide a

meaningful physical explanation and it is useless for the optimisation of the tech-

nology. Therefore, in the present work a more fundamental approach is applied.

Through making educated guesses on the origins of the imperfection, their influ-

ence on the device characteristics can be simulated. Subsequently, by comparision



Figure 1: Investigated device struc-
ture and its main regions: emitter
length 0.25µm, base width 70nm,
base-subcollector separation (SIC
width) 700nm, lateral emitter-base
separation 750nm
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Figure 2: Gummel plot (a) and current gain
β (b) of an experimental SiGe HBT and its
simulated counterpart at VCB = 0V . The
agreement was achieved by assuming a car-
rier life time of the holes in the base region of
4× 10−10s

of measurement and simulation the different origin can be discarded or confirmed.

2 Basics

In general, the short lifetime of the charge carriers is caused by an increased recom-

bination rate. The recombination takes place either at interface traps or at bulks traps

[3]. In the case of the given HBT, the interfaces between monocrystalline and polycrys-

talline emitter and between base region and the SiO2 spacer, as well as bulk traps in

the base region are relevant (see again Fig. 1).

The Gummel plot of IB can be divided into low, medium and high current injection re-

gions. While the last one is dominated by parasitics like emitter and base resistances,

the other regions are heavily influenced by recombination processes. They can, there-

fore, be used for investigations on the origins of the non-ideal characteristics.

The base current IB is described, in logarithmical form, by the equation

ln(IB) = ln(IB0) +
q · VBE

ηIB
· k · T (1)

with the parameters saturation base current IB0 and ideality factor ηIB
. For both

measured and simulated Gummel plots, these parameters can be obtained by fitting.

3 Results

For the investigation of the recombination mechanisms, devices with various interface

and bulk trap densities in extremely wide ranges have been simulated. Afterwards

the ideality factors ηIB
of these devices have been determined and compared to the

ηIB
=1.75 of the real device.



• Influence of the Bulk Material of the Base: The density of acceptoric traps in the

base has been varied between 1012cm−3 and 1017cm−3. As can be seen from
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Figure 3: Gummel plot of IB of the sim-
ulated HBT assuming various bulk trap
densities NT .
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Figure 4: Ideality factor ηIB
vs. bulk trap

density NT .

Figs. 3 and 4, at lower trap densities the ideality factors ηIB
of the low and medium

current injection regions are different. For trap densities of about 1017cm−3 the ηIB

of the experimental HBT has been reproduced. However, such a trap concentra-

tion is highly unrealistic. Therefore is cannot be used to explain the imperfection

of the investigated device.

• Influence of the Mono/Poly Interface: The density of acceptoric traps NT at the

interface between the monocrystalline and polycrystalline parts of the emitter has

been varied between 105cm−2 and 1013cm−2. The correspondig Gummel plots are
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Figure 5: Gummel plot of IB of the
simulated HBT assuming different in-
terface trap densities at the monocrys-
talline/polycrystalline interface NT .
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Figure 6: Ideality factor ηIB
vs. in-

terface trap density at the monocrys-
talline/polycrystalline interface NT .

depicted in Fig. 5. Fig. 6 shows the ηIB
vs. NT characteristics obtained from these

results. For low trap densities, different ideality factors for the low and medium



current injection regions have been observed. However, the results indicate that

even for very high trap densities the ηIB
of the measured device cannot be re-

produced. Therefore it is most unlikely that the mono/poly interface causes the

problems in the manufactured device.

• Influence of the Spacer/Base Interface: Variing the trap density in this region

between 1010cm−2 and 1013cm−2 results in values for ηIB
between 1.18 and 1.93

(see Fig. 8). The experimental value of 1.75 is well within this range and can be
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Figure 7: Gummel plot of IB of the
simulated HBT assuming different in-
terface trap densities at the monocrys-
talline/polycrystalline interface NT .
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Figure 8: Ideality factor ηIB
vs. in-

terface trap density at the monocrys-
talline/polycrystalline interface NT .

achieved by the assumption of a trap density of about 5× 1011cm−2, which seems

to be a realistic value. Furthermore, as shown in Fig. 9, the absolute values for

Figure 9: Comparision of the mea-
sured and simulated base current. A
trap density of 5 × 1011cm−2 at the
spacer/base interface has been as-
sumed. The disagreement in the high
current injection region is due to ex-
ternal parasitic elements, which have
been neglected.
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the measured and simulated base current match perfectly in the low and medium

current injection regions. This is an additional indication for the appropriateness

of our assumption.



4 Conclusions

A method to support the technology development through device simulation

has been elaborated and demonstrated for a problem regarding the DC char-

acteristics of RF HBTs. A similar procedure can be used in many other

cases where the behaviour of real devices differs from the expected one,

for example to explain degradation effects, and for reliability investigations.
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