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This work aims to determine the effect of the trench isolation on the self-heating and electrical perfor-
mances of SiGe heterojunction bipolar transistor (HBT), the considered structure corresponds to BiC-
MOS7G 0.25 pm technology. Advanced SiGe technologies are essentially achieved with downscaling of the
device dimensions and developing its architecture to improve the radio frequency capacity of the device. An
interesting development is the introduction of the Shallow and Deep Trench isolation (STI, DTI). These
make it possible to reduce considerably the parasitic capacitances and to provide a flat topography after
SiGe base epitaxy. The drawback of this is the temperature rise in the device through the self-heating
phenomenon. This corresponds to the internal heat dissipation at the transistor junctions. To optimize this
effect, we consider the non-isothermal energy balance (NEB) model based on the finite element method
and two-dimensional thermal simulations. This model takes into account, particularly, the temperature of
the carriers and the overshoot effects which occur in the range of dimensions of the considered devices.
Analysis of the effect of trench isolation (shallow and deep trench isolation) on electrical performances of
radio frequency SiGe HBT is then carried out considering thermal transfer of the carriers. The software
SILVACO-TCAD coupling Athena module (technological process) and Atlas module were used to achieve
electro-thermal modeling. We simulated the static gain, the dynamic characteristics (fr, fmax) and analyzed
the heat distribution with and without trench isolation. It is shown that in these modern SiGe HBT struc-
tures with trench isolation and for high power regimes, the lattice temperature can greatly exceed 300 K
and so the electrical performances f, fr, fmax are significantly degraded. The obtained results agree with
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some published experimental data.
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1. INTRODUCTION

Currently and due to improvements in bipolar tech-
nologies such as the considered BiCMOS technology,
bipolar transistors are vastly used and are predomi-
nant in many circuit applications, notably in high-
speed performing systems. Communication systems
which require an improvement in operating frequencies
and current gain as well as reducing noise levels of
both semiconductor devices and electronic circuits can
be mentioned. Silicon-germanium (SiGe) heterojunction
bipolar transistors (HBTs) have established itself as a
strong technology and the best positioned candidates to
accomplish this demand. Indeed, it permits to have
band gap energy lower than that of silicon bipolar tran-
sistors [1, 2].

The introduction of germanium into the base of Si-
Ge bipolar transistor has certainly improved the elec-
trical properties of the device, but heat dissipation is
then observed due to the self-heating phenomenon. So,
the characterization and modeling of this effect in bipo-
lar devices remains a major research issue associated
with the advancement of HBT technologies [3-5, 14].

Furthermore, in advanced bipolar technologies, deep
and shallow trench isolation is used to isolate the active
area of the transistor and replace the junction isolation
between devices in processes and electrical isolation of
adjacent transistors and substrates to reduce parasitic
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capacity and substrate noise [3, 6, 7, 15]. The problem,
from a thermal point of view, is that the trench isola-
tion is mainly made of silicon dioxide (SiO2) having a
very poor thermal conductivity. This induces a re-
striction of the heat flow and result in larger thermal
impedances. The effects of trench isolation are heat
studied using the electro-thermal non-isothermal ener-
gy balance (NEB) model.

The paper is organized as follows. Section 2 pre-
sents the physical models and the structure of SiGe
HBT corresponding to BICMOS7G 0.25 pm technology.
Section 3 presents the principal results and discussion.
Section 4 is the conclusion.

2. PHYSICAL MODELS AND THE
STRUCTURE OF SiGe HBT

2.1 The Considered Structure

The considered structure in this paper is SiGe NPN
HBT with a polysilicon emitter doped with 5.1020 cm -3
and integrated into the BICMOS7G 0.25 pm technolo-
gy. The concentration of the contact collector is
1020 ¢cm —3.

The SiGe base is thin in the order of 30 nm with
doping of 3.4.10'8 cm -3 (Fig. 1).

Fig. 2 represents the schematic structure of SiGe
HBT with a different arrangement for the contacts.
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Fig. 1 - SiGe HBT structure considered TCAD software
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Fig. 2 — Cross-section representing the schematic structure of
SiGe HBT with base, emitter and collector arrangement for
the contacts [3]

To analyze the electrical performances of the HBT,
several physical models can be considered. In a previ-
ous study [8], we have compared three electrical mod-
els: the DDM model (drift diffusion model), the EB
model (energy balance model) and the NEB model
(non-isothermal energy balance model).

For nanometric devices, the NEB model is the best
for the description of physics devices. Indeed, this mod-
el is defined by the basic set of Poisson’s equation (1),
the electrons and holes continuity equations (2), (3), the
electron energy balance equations (4), (5). The lattice
heat flow equation (6) permits us to take into account
the temperature in the device.
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where u» and i are the electron and hole mobilities, D»
and D, are the thermal diffusivities for electrons and
holes, respectively; T and Tp are the temperatures of
electrons and holes, respectively, and 77 is the lattice
temperature.

The developed model links the semiconductor equa-
tions to the HTS (heat transfer in solids) ones. It is a
coupled system, which consists of a set of partial differ-
ential equations (PDEs).

The finite element method is considered to solve the
obtained system [10].

The particularity of this model is that it takes into
account the temperature of the carriers and the lattice
temperature, overshoot effects, and the quasi-ballistic
transport [11, 16] present in nanometric devices are
also considered.

3. RESULTS AND DISCUSSION

In the performed TCAD simulation, we have care-
fully considered the material data. Their properties
and physical parameters such as heat conductivity and
heat capacity are defined as contained in the
SILVACO-TCAD handbook [10].

K(T)=1/(TCA)+(TCB)*T +(TCC)*T*. (7)

The TC.A, TC.B, TC.C parameters are all user-
specifiable in the MATERIAL statement.

By solving the lattice heat flow equation (6), we
have been able to evaluate the temperature distribu-
tions due to the device self-heating.

First, numerical simulations were performed in the
DC case. We have obtained the static characteristics of
the SiGe HBT considering both the case when trench
isolation has been taken into account and the case
where the later does not exist. Fig. 3 shows the behav-
ior of the common-emitter current gain S versus the
emitter-base polarization Vee. We have considered a
germanium mole fraction x =20 % and a collector-base
polarization Vce =1 V.

So, Fig. 3 shows the static gain g for three HBT
structures (without trench isolation, with shallow
trench isolation (STI) and with shallow and deep
trench isolation (STI + DTI)). The maximum gain is
about 450 and is obtained at VBe = 0.7V and Vce=1V
when no trench isolation exists. It was observed that
the introduction of the later and the temperature effect
revealed that the effects of the self-heating seriously
decrease static performances, such as static gain, it
reaches the value of 400.

Indeed, it is noteworthy that, for all the investigated
structures, the temperature influence on the current
gain is observed and is essentially due to the increase in
the lattice temperature and also the band gap narrow-
ing. The current gain decreases when the temperature
increases. This is due to the spatial band gap discrep-
ancy between the emitter (Si) and the base (SiGe) [11].

This result is consistent with the experimental data
related to advanced SiGe technology generations [6].
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Fig. 3 — Current gain Sversus Veg at Vece =1V

Fig. 4 - Temperature distribution without trench isolation at
Vece=1Vand Vege = 0.8V

L1

—

0 01 02 03 04 05

Fig. 5 — Temperature distribution with STI at Vce=1V and
Vee=0.8V

It

I3
B

emperdture
s
m
-2
ko7
k7
ko7

I 11 llllllll L1

Fig. 6 — Temperature distribution with STI at Vece=1V and
Vee=0.8V

The heat flow is no more confined in a reduced sili-
con volume; it spreads all around the structure, hence
depends strongly on the device environment in the case

JJ. NANO- ELECTRON. PHYS. 13, 01021 (2021)

of SiGe HBT without trench isolation (Fig. 4). But with
considering trench isolation (STI + DTI), the lateral
heat flow is reduced and directed towards the vertical.
Due to the poor thermal conductivity of the trench wall,
the heat flow from the heat source is mostly confined
within the trench-enclosed region before scattering into
the substrate and so increasing the temperature of
active device (Fig. 5 and Fig. 6).

Special attention is paid to examine the tempera-
ture distribution along the depth of the active transis-
tor structure (Fig. 7).

Along the depth of the device, two materials exist:
Si and SiGe. The SiGe base alloy has a lower thermal
conductivity (ksice = 14 W/m.K for 7'= 300 K) than that
of silicon (ksi =150 W/m.K). The consequence is that
the SiGe base acts as a blockade for heat dissipation in
the direction of the emitter. Hence, a high value of the
peak temperature Tmax and an abrupt drop in the tem-
perature distribution were observed.

Fig. 8 shows the electron temperature distribution
when the device is operated at Vece=1V and
VBE = 0.8 V. The maximum temperature of electrons is
about 1600 K.

It can be noted that the maximum temperature of
electrons is mainly generated in the collector-base junc-
tion when the electric field is greatest and when the
lattice temperature is maximum.
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Fig. 7 — Temperature distribution along the transistor inter-
nal active region cross-sections (X = 0.0 pnm) for SiGe HBT at
Vece=1Vand Vege = 0.8V
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Fig. 8 — Electron temperature distribution along the transis-
tor internal active region cross-sections (X = 0.0 pm) for SiGe
HBT at Vce =1V and Vege = 0.8V

Regarding the dynamic characteristics, we are in-
terested in the most significant parameters such as the
transition frequency fr and the maximum oscillation
frequency fmax.
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Fig. 10 — fr and fmax for SiGe HBT with STI and DTI trench
isolation versus Vcg

So, we have investigated the degree of device self-
heating due to the trench isolation presence.

The increase in the peak temperature and the tem-
perature of non-uniformity effects has a real impact on
the device radio frequency behavior. Fig. 9 and Fig. 10
show the dynamic performances versus the operating
polarization of the considered HBT without trench
isolation (fr="70 GHz; fmax = 110 GHz) and with shallow
STI and deep DTI trench isolation. These values are
favorably compared to those published in [12].

It was observed that the introduction of trench iso-
lation (STI + DTI) decreases the value of the device
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PoGora cripsamoBaHa Ha BU3HAYEHHs BILIUBY 130JIAIM1 KAHABOK Ha CAMOHATPIBAHHSA TA €JIKTPUYHI Xapa-
KTepUCTUKHU OirmoJsisipHoro Tpausucropa 3 rerepomepexomom (HBT) SiGe, posrisamyra cTpykTypa BiIOBigae
0,25 mem Texrosorii BICMOS7G. Broockonasmenns TexHosorii SiGe mocsaraerbcs B OCHOBHOMY 3MEHIIIEHHSIM
PO3MIpIB IIPHUCTPOIO Ta PO3POOKOIO0 HOT0 apXiTeKTyPH JJIs MOJIIIIIEHHS PaaiouacToTHol eMHocTi. [likaBomo pos-
POOKOIO € BIIPOBA/I3KEHHST 130JISIII11 MIJIKMX TA TVIMOOKMX KAHABOK. BOHA /103BOJIsIE 3HAYHO 3MEHIINUTH 1apasu-
THI €MHOCTI Ta 3a0e3nednTy IJIOCKy Tororpadimo micasa emrakcii ocaoBu SiGe. Hemosikom Taxoro Bmposa-
JIPKeHHs € IIIBUIIEHHS TeMIIePAaTyPH B IIPUCTPOI Yepes3 siBUIle caMoHarpiBauHs. Lle BigmoBl1ae BHYTPITITHBO-
My TEIUTOBHIUIEHHIO HA TPAH3UCTOPHUX mepexonax. J[ys orrrumisariii 1mporo epexTy Mu po3rIsHeMO MOJIeh
HeizorepMivyHOro eHeprerudHoro 6asaucy (NEB), sacHoBany Ha MeTo/1l KIHIIEBHUX €JIEMEHTIB Ta JBOBHMIPHO-
My TelsloBoMy MofesoBaHHI. Ll Momesb BpaxoBye, 30kpeMa, TeMIepaTypy HOCIIB Ta HaJJIHIIKOBI edeKrTH,
110 BUHUKAIOTH y Jialla3oHl pO3MipiB PO3TVISHYTHX IpHCTPoiB. IloTiM mpoBoanThCs aHAl3 BILIMBY 130JIAIii
KaHABOK (MUJIKMX Ta MIMOOKMX) HA eJIeKTpryHi xapakrepucturu pagiogacroraoro HBT SiGe 3 ypaxyBauusam
TEILIOBOTO IiepeHocy HocliB. [[iis peasisariii eJ1eKTpOTepMIYHOIO MOJIEIIOBAHHS BUKOPHCTOBYBAJIU IIPOrPAMHE
3abesmeuennsa SILVACO-TCAD, sxe moenHye Moxysas Athena (Texmostoriunmii mporiiec) Ta Moxysib Atlas. Mu
3MOJIEJIIOBAJIM CTATUYHUN KOeIIIEHT IiACHICHHS, JUHAMIYHI XapPaKTePUCTUKH (fT, fmax) TA IPOAHAII3YyBAJIH
POSIIOILII TeIwIa 3 130JIAITIEI0 KaHaBOK Ta 0e3 Hel. [lokasano, mo B cyuacHux crpykrypax HBT SiGe 3 izossmi-
€10 KAaHABOK TA IIPH PEKMMAaX BHCOKOI HOTYYKHOCTI TeMIepaTypa PeIITKH MOKe 3HAYHO IIePEeBUIIyBATH
300 K, 1 Tomy eslekTpuuHi XapaKTepUCTUKA f, fr, fmax 3HAYHO mOripuryoThes. OTpuMawHi pe3yJsIbTaTH y3ro-
JKYIOTHCS 3 JeSIKUMU OITy OJTIKOBAHVMY €KCIIePUMEHTAIBHUMHY JTAHIMHU.

Kmiouosi ciosa: Mogesnis NEB, Pagiouacrora, Kpemuiii-repmaniit, CamoHarpisasus, 130141119 KaHABOK.

01021-5



