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THERMI Award Winner 2015

Each year, SEMI-THERM honors a person as a Signi�cant Contributor to the �eld of thermal man-agement. The THERMI 

award is intended to recognize a recipient’s history of contributions to cru-cial thermal issues e�ecting the perfor-

mance of electronic devices and systems. The voting body of past THERMI winners and current General Chair Peter 

Rodgers are pleased to present the 2015 THERMI award to:

Christian Belady

General Manager, Data Center Services

Microsoft Global Foundation Services

Christian Belady is the general manager of Data Center Services for Microsoft’s Global Foundation Services (GFS) group. 

He is responsible for driving the strategy and delivery of server and facility development worldwide, including research, 

engineering, construction, and operations for Microsoft’s data center portfolio. These data centers provide the founda-

tional cloud infrastructure for over 200 Microsoft online and cloud services for consumers and businesses worldwide.

Prior to joining Microsoft, Christian was a Distinguished Technologist for HP where he was re-sponsible for driving the 

technology direction of HP's server products and their environments, as well as industry data center initiatives.

In 2010, SearchData named Christian as one of “5 People who changed the data center” industry and helped drive inno-

vative thinking and quantitative benchmarking in the field. With over 100 US patents and many international patents, 

Christian is an ASME and IMAPS Fellow and a founding member of ASHRAE's TC9.9, which is responsible for developing 

data center guidelines.

Christian holds engineering degrees from Cornell University (BS) and Rensselaer Polytechnic In-stitute (MS) and a busi-

ness degree from the University of Texas at Dallas (MA) where he was honored with the 2010 Distinguished

Alumni Award.
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SEMI-THERM TECHNICAL SHORT COURSES

Short Course 1: Crash Course on Packaging Technologies and Thermal Design of ICs

 Li Li, PhD, Distinguished Engineer, Cisco Systems 

Herman Chu, Principal Engineer, Cisco Systems

The course covers:

outstanding

 

Kanchan M. Kelkar, Ph.D., Innovative Research, Inc. 

Sukhvinder Kang, Ph.D., Aavid Thermalloy

Short Course 2: Use of Flow Network Modeling ( FNM) for Improving Productivity of Design of Electronic Cooling Systems
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Keynote Address

Flexible Data Center Design

Building a global network of e�cient, large-scale data centers requires �exible designs to accommodate local

conditions and constraints, while accommodating rapidly changing IT hardware and software requirements.

This presentation will discuss some of the approaches we’ve taken and how Google continues to improve

data center e�ciency.

Christopher G. Malone, PhD

Principal Engineer, Google, Inc.

 

Chris leads Google's Data Center Research and Development team, which is responsible for developing Google's 

next-generation data centers and IT hardware with a focus on e�ciency, sustainability, and �exibility.  Chris has 

authored numerous refereed technical papers, and has been granted over 100 US and international patents. 

He is involved with several industry groups and government agency initiatives focused on improving IT e�ciency.  

Prior to joining Google, Chris was a senior technologist at Hewlett-Packard responsible for enterprise server

thermal technology strategy.

 

Chris received his MS and PhD in Mechanical Engineering from the Massachusetts Institute of Technology.



This embedded tutorial will present an overview of the thermal challenges of 2.5D (interposer) and 

3D integration. The tutorial compares the thermal performance and thermal die-to-die coupling of 

single chip, 3D and 2.5D package configurations. The thermal impact of the inter die thermal re-

sistance as well as the design and technological options of how to reduce this resistance will be 

discussed. The tutorial describes thermal test vehicles for uniform, hot spot and programmable 

power dissipation to emulate target applications. A short overview of modeling techniques and ex-

perimental validation approaches is included. Finally, the experimental and modeling analysis will 

be shown for the case study of a packaged memory-on-logic stack, which is one of the most likely 

applications of 3D integration. 

About the Speaker 

Dr. Herman Oprins is a senior research engineer at IMEC in Leuven, Belgium, where he is 

involved in the thermal experimental characterization, thermal modeling and thermal manage-

ment of 3D system integration, electronic chip packages, GaN power transistors, photovoltaic 

modules and microfluidics. Dr. Oprins began his career at IMEC working on the development and 

modeling of an electrowetting assisted cooling technique. In that period he also worked on model-

ing and experimental projects in the field of thermal management of electronic packages. Oprins 

has authored and co-authored over 60 journal and conference papers and holds 2 patents. He 

hold M.Sc. and Ph.D. degrees in Mechanical Engineering from the K.U. Leuven, Belgium. 

ST31 Embedded Tutorial  

Thermal Challenges of 2.5D and 3D Integration  

Dr. Herman Oprins,  IMEC 
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Electro-Thermal Modeling of Trench-Isolated SiGe HBTs Using TCAD 
 

K. O. Petrosyants 1,2, R. A. Torgovnikov 2 
1 National Research University Higher School of Economics  

(Moscow Institute of Electronics and Mathematics), Moscow, Russia, kpetrosyants@hse.ru 
2 Institute for Design Problems in Microelectronics, Russian Academy of Sciences 

 

Abstract 
The modern SiGe HBT structure with shallow and deep 

trench isolation (STI and DTI) is analyzed from electro-
thermal standpoint using TCAD system. The electrical pa-
rameters β, fT, fmax, maximal temperature Tmax, and thermal 
resistance RTH are under consideration. TCAD simulation 
confirms the fact that the presence of STI and DTI in SiGe 
HBT structures gains the self-heating effect in comparison 
with traditional Si BJT structures, where DTI is not used. It is 
shown that for high power regimes (IC = 0.5–3 mA; VCE = 4–
5 V) the set of electrical parameters β, fT, fmax significantly 
degrade, temperature Tmax can reach the critical values about 
500 K, and the thermal resistance RTH increases thrice in HBT 
structure with STI and DTI. These results agree with pub-
lished experimental data. 

Keywords 
Silicon-Germanium HBT, transistor structure, trench iso-

lation, high power/high frequency electrical parameters, elec-
tro-thermal design, temperature distribution, maximal opera-
tion temperature, thermal resistance  

1. Introduction 
The Silicon-Germanium heterojunction bipolar transistors 

(SiGe HBT) are good choice for modern high power and high 
frequency ICs. However, it is well known that the device 
temperature increases significantly in high power and high 
speed applications to cause degradation of the device charac-
teristics. For SiGe HBTs this problem is more critical than for 
traditional Si BJTs. The thermal conductivity of the SiGe base 
alloy (λSiGe = 14 W/m·K for T = 300 K) is significantly lower 
than that of the Si (λSi = 150 W/m·K). So the self-heating ef-
fects are further enhanced in the SiGe HBTs due to the in-
crease of the thermal resistance and hot-spot formation. 
Moreover, in the SiGe HBT structure Silicon dioxide (SiO2) 
shallow and deep trench isolation is used to improve gain and 
high frequency parameters and press the leakage current. The 
thermal conductivity of the Silicon dioxide 
(λSiO2 = 1.38 W/m·K) is 100 times lower than that of Silicon 
and the oxide-based trenches behave as a heat insulators. For 
this reason, the heat dissipation from the SiGe HBT active 
region becomes more critical. So an accurate determination of 
the temperature distribution in 2D–3D device structure is re-
quired to specify the maximal temperature Tmax and thermal 
resistance RTH to guarantee the electro-thermal stability and 
operate reliability.  

Several models using 2D/3D TCAD simulation have been 
investigated to take into account self-heating effects in SiGe 
HBTs. In [1] the 2D HBT structure without trench isolation 
has been analyzed taking into account only SiGe base alloy 

influence on electro-thermal behavior. In [2] 3D thermal 
TCAD simulations have been carried out to obtain transient 
variations of the junction temperature in SiGe HBT. In paper 
[3] intra device thermal coupling in multi-finger HBT struc-
tures has been studied. 

However, all these works did not consider the combined 
influence of the SiGe base alloy and the shallow and deep 
trench SiO2 isolations on the SiGe HBT electro-thermal char-
acteristics. Therefore, the published results did not represent 
completely the self-heating problems in modern trench-
isolated SiGe HBT structures. 

In this work, we try to solve the problem in more details. 

2. Electro-Thermal Model of SiGe HBT Structure 
The modern self-aligned SiGe HBT structure with emitter 

size 0.2*1.0 μm2, selective implanted collector, shallow and 
deep trench isolation, providing the following electrical pa-
rameters: βmax = 413, fT = 93 GHz, fmax = 160 GHz, 
BVceo = 5.7 V [4] was taken under consideration. 

The thermo-dynamic model in Synopsys Sentaurus soft-
ware tool was chosen for SiGe HBT structure electro-thermal 
simulation. This model consists of four basic 2D equations: 
two equations for electrons (n) and holes (p) transport (Eq. (1) 
and (2)), Poisson equation for electro-static potential φ distri-
bution (Eq. (3)) and heat transfer equation, taking into ac-
count transistor structure self-heating caused by power densi-
ty H (Eq. (4)):  

  n n n nj q n P T      , (1) 

  p p p pj q p P T      , (2) 

  2
D A

q
p N n N


     , (3) 

 ( ) ( , , , )n p

T
T H j j T C

t
   

   


, (4) 

where: i j
x y

 
  

 
; λ – specific heat conductivity 

(W/m·K), ρ – density of material (kg/m3), C – specific thermal 
capacitance (J/kg·K), ε – dielectric constant of the material 
(F/m); T(x,y), φ(x,y) – temperature and electrostatic potential 
distributions; jn(x,y), jp(x,y), Pn(x,y), Pp(x,y), ϕn(x,y), ϕp(x,y) – 
current densities, absolute thermoelectric powers, quasi-Fermi 
potentials for electrons and holes, respectively; ND(x,y), 
NA(x,y) – donor and acceptor doping concentrations in transis-
tor structure.  

All effects inherent in modern SiGe HBT structures are 
specially included into the equations of the basic model (1)–
(4) [5]. The majority of the self-generated heat is dissipated 
downward towards the substrate. This heat flow is described 
by the basic model. Some amount of the heat is dissipated 
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upward as well, mostly through the metal wiring for intercon-
nect. Hence in this model, an external element Rtherm is intro-
duced as a fitting parameter to account for the upward dissi-
pation. For our HBT structures Rtherm = 65 000 K/W was as-
sumed [6]. 

3. Simulation Results with Account for Self-Heating  
The “step-by-step” modeling strategy is used to investi-

gate the self-heating effects in trench-isolated SiGe HBT 
structures. At first, the influence of the SiGe base alloy is 
separately analyzed. Then only the STI is added, and the new 
device structure is analyzed. Finally, the DTI is added and the 
real SiGe HBT structure with both STI and DTI is considered 
taking into account all the factors that have an influence on 
self-heating. 

3.1. SiGe base alloy influence 
SiGe base alloy in HBT structure behaves as an internal 

barrier for the heat flow from collector to emitter region due 
to the significantly lower thermal conductivity of SiGe than 
that of Si (14 versus 150 W/m·K at T = 300 K). This effect is 
important for intra-active device region E–B–C. To separate 
the contribution of this effect to the total device heating we 
have compared active SiGe HBT structure (without trenches) 

with identical Si BJT structure. The 2D temperature profiles 
for both transistor active regions are shown in Fig. 1 (for the 
same power dissipation). The peak temperature Tmax in collec-
tor region of SiGe HBT structure is 409 K (see Fig. 1,b) that 
is 18 K higher than for Si BJT structure (see Fig. 1,a). This 
difference in 2D temperature distributions is caused by differ-
ences in thermal conductivities of Si and SiGe. 

It is interesting to analyze the temperature distribution 
along the depth of active transistor structure (see Fig. 2). The 
temperature in Si BJT structure is distributed more uniformly 
than in SiGe HBT structure. It is clear that SiGe base alloy 
with low thermal conductivity is working as a barrier for heat 
dissipation in the direction of the emitter. This has two nega-
tive consequences: the high value of peak temperature Tmax 
and abrupt drop in temperature distribution. Therefore, the 
self-heating effects in the internal active region of SiGe HBT 
are more critical than in identical Si BJT. As observed in Fig. 
3, where transistor output characteristics are presented, the 
Early voltage VA degradation in the SiGe HBT (from 34 V to 
11 V after self-heating) is more apparent in comparison with 
Si BJT (from 13 V to 8 V).  

 
 

(a) (b) 
Fig. 1: 2D temperature distribution in Si BJT (a) and SiGe HBT (b) structures for Ptotal = 0.01 W 

  
Fig. 2: Temperature distributions along the transistor inter-
nal active region cross-sections (X = 0.0 µm) for Si BJT and 
SiGe HBT structures in Fig. 1 

Fig. 3: I-V output characteristics for Si BJT (solid lines) and 
SiGe HBT (dotted lines) simulated without (1) and with (2) 
account for self-heating 

 
 



 

 
  

 
          (a)       (b) 

 

 
          (a) 

 
       (b) 

 
   (c) 

Fig. 7: Current gain β (a), transit fre-
quency fT (b), maximum frequency fmax 
(c) at VCE = 5 V: 1 – for all the structures 
without account for self-heating, 
2 – structure without trench isolation, 
3 – structure with shallow trench isola-
tion, 4 – structure with both shallow and 
deep trench isolation  

Fig. 4: Hypothetic SiGe HBT structure without oxide trench isolation (a), its 
temperature distribution at IC = 2 mA, VCE = 1.5 V, Tmax = 323 K (b) 
 

 
          (a)           (b) 

Fig. 5: SiGe HBT structure with shallow trench isolation (a), its temperature dis-
tribution at IC = 2 mA, VCE = 1.5 V, Tmax = 326 K (b) 
 

 
              (a) (b) 

Fig. 6: SiGe HBT structure with both shallow and deep trench isolation (a), its 
temperature distribution at IC = 2 mA, VCE = 1.5 V, Tmax = 340 K (b) 

 

3.2. Oxide-based trenches influence  
To understand the contribution of either of STI and DTI to 

total device heating, the hierarchy of three transistor struc-
tures was analyzed: without trench isolation (Fig. 4,a); only 
with STI (Fig. 5,a) and with both STI and DTI (Fig. 6,a). 

The corresponding set of transistor characteristics for cur-
rent gain β, frequencies fT, fmax, and junction temperature Tj 
vs. collector current IC taking into account self-heating effect 
was simulated using the basic model (1)–(4) (see Fig. 7). The 
collector currents IC = 0.5–2 mA are interesting because these 
currents make available high values of operating frequencies 
fT, fmax and acceptable values for current gain β. Two regimes 
for VCE are considered: low-voltage VCE = 1.5 V and high-
voltage VCE = 5 V. 

The simulated 2D temperature distributions for three types 
of HBT structures are presented in Fig. 4,b (without trench 

isolation), Fig. 5,b (with STI only) and Fig. 6,b (with STI and 
DTI). 

The simulation results are summarized in Tables 1, 2 for 
different levels of power dissipation (Ptotal = IC*VCE + IB*VBE). 
It is seen from Table 1 for low power regime (IC = 1–2 mA; 
VCE = 1.5 V) that self-heating effects can be neglected. How-
ever, in Table 2 for high power regime (IC = 1–2 mA; 
VCE = 5 V) the set of electrical parameters β, fT, fmax signifi-
cantly degrade, and temperature Tmax reaches the critical val-
ues about 500 K. 
STI influence on HBT self-heating. For low and high-power 
regimes, this factor is neglectable. The temperature difference 
20–30 K between values in the 1-st and the 2-nd columns of 
Table 2 is caused mainly by SiGe base alloy influence (see 
Fig. 1), but not by STI. As mentioned in [6], the STI influence 
on HBT RF characteristics is not significant and is about 8% 
in experiment. 



 

 
  

DTI influence on HBT self-heating. The internal space be-
tween deep oxide-based trenches in SiGe HBT structure (Fig. 
6,a) behaves as a narrow-pinched channel for heat dissipation 
because SiO2 material is a good thermal isolator with low 
thermal conductivity (λSiO2 = 1.38 W/m·K at T = 300 K). 
Therefore, DTIs are the main factor that stimulates the self-
heating effects and causes the electrical and thermal HBT 
parameters degradation. It is seen from Fig. 7 that the 10–
20 % degradation of electrical parameters β, fT, fmax is ob-
served. The peak temperature increase ΔTmax for low-power 
regime is 8–14 K (see Table 1) and for high-power regime 
33 K and more (for Ptotal more than 0.01 W temperature Tmax 
can reach the critical values about 500 K) (see Table 2). 
 

Transistor  
structure 

Without trench 
isolation  
(Fig. 4) 

STI 
(Fig. 5) 

STI + DTI 
(Fig. 6) 

Maximum 
temperature,  
К, at IC = 

1 mA/ 2 mA 

312 / 323 315 / 326 323 / 340 

Table 1: Peak temperature Tmax in different HBT structures 
for low-power regime at VCE = 1.5 V 
 

Transistor  
structure 

Without trench 
isolation  
(Fig. 4) 

STI 
(Fig. 5) 

STI + DTI 
(Fig. 6) 

Maximum 
temperature,  
К, at IC = 

1 mA/ 2 mA 

347/388 367/424 400/  > Tcrit 

Table 2: Peak temperature Tmax in different HBT structures 
for high-power regime at VCE = 5 V 
 

Transistor  
structure 

Without trench 
isolation  
(Fig. 4) 

STI 
(Fig. 5) 

STI + DTI 
(Fig. 6) 

Thermal 
resistance, 
RTH, K/W 

12·103 20.5·103 30·103 

Table 3: HBT structures thermal resistance 
 

3.3. Thermal resistance RTH 
Thermal modeling is necessary for a precise prediction of 

RTH that is a crucial parameter for optimization of device 
structure. The reduction of RTH is actually as effective as the 
reduction of power dissipation for a single device. 

Using simulated results, the thermal resistance RTH was 
extracted for three types of HBT structures (see Table 3). It is 
seen that for the structure with STI only (Fig. 5,a), in compar-
ison with the hypothetic structure without trench isolation 
(Fig. 4,a), the value of RTH increases twice. The combination 
of DTI and STI additionally increases RTH 1.5 times. 

These results agree with published experimental data 
[6, 7]. 

4. Conclusions 
The methodology of TCAD electro-thermal modeling of 

trench-isolated SiGe HBTs is proposed. Three most important 
elements of HBT structure causing self-heating were chosen: 
SiGe base alloy, STI and DTI. Their contribution to total de-
vice heating was separately analyzed in details. It was shown 
that in modern SiGe HBT structures: 1) the SiGe base alloy 
forms the internal barrier for heat dissipation through the ac-
tive HBT structure; and 2) the oxide-based trench isolation is 
the main factor that enhances the self-heating effect in com-
parison with traditional Si BJT structures. The influence of 
STI and DTI on thermal resistance RTH was investigated. It 
was shown that presence of STI in SiGe HBT structure in-
creases the value of RTH twice, and the combination of STI 
and DTI – thrice. 

As the requirements to the parameters of modern high-
speed and high-power SiGe HBTs continue to strengthen, the 
proposed TCAD modeling methodology is an effective means 
for HBT structures improvement in thermal and electrical 
performances to provide thermal stability and operation relia-
bility. 
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