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(1)  FTIR Study of Precipitation of Implanted  
Nitrogen in CZ-Si Annealed under High Hydro- 
static Pressure

  V.D. Akhmetov, A. Misiuk, H. Richter
 Solid State Phenomena 108-109, 157 (2005)

The evolution of nitrogen related infrared vibrational 
spectra of CZ-Si implanted with nitrogen, with doses 
1017 ion/cm2 and 1018 ion/cm2, at 140 keV, was studied 
after annealing at 1130 °C/5h under different hydro-
static pressures, from 1 bar to 10.7 kbar. It was found 
for each pressure applied, that the increased nitrogen 
dose leads to transformation of broadband spectra to 
the fine structure ones, corresponding to crystalline 
silicon nitride. The spectral position of observed sharp 
peaks in the investigated pressure region is red shif-
ted in comparison to the peaks of crystalline silicon 
oxynitride found recently by other investigators in ni-
trogen-containing poly-Si as well as in a residual melt 
of nitrogen-doped CZ-Si. The application of pressure 
during annealing results in further red shift of the ni-
trogen-related bands. The observed decrease of fre-
quency of vibrational bands is explained in terms of 
the pressure induced lowered incorporation of oxygen 
into growing oxynitride phase.

(2)  Enhanced Silicon Band Edge Related Radia- 
tion: Origin and Applicability for Light 
Emitters 

 T. Arguirov, M. Kittler, W. Seifert, X. Yu
  Materials Science and Engineering B 124-125, 

431 (2005)

We have investigated the influence of phosphorous 
implantation and annealing on the photoluminescence 
spectra of Si. The implantation was carried out at 
750 keV with doses between 1x1013 and 2x1014 cm-2.  
We show that the band edge luminescence of the im-
plantation modified layer at room temperature is low 
compared to the luminescence from the substrate. 
The photoluminescence spectra at 80 K are found to 
depend strongly on the annealing treatment perfor-
med (rapid thermal versus furnace annealing). For high 
implantation doses, a shift in the two-phonon-assisted 
line is observed and associated with a strong strain 

field. The band edge luminescence does not show 
quenching, but increases upon increase of tempera-
ture for the highest implantation dose. 

(3)  Accurate Modeling of Low-Cost SiGe:C-HBTs 
Using Adaptive Neuro-Fuzzy Inference Sys-
tem 

  A. Chakravorty, R.F. Scholz, B. Senapati, D. Knoll, 
A. Fox, R. Garg, C.K. Maiti

  Materials Science in Semiconductor Proces- 
sing 8 (1-3), 307 (2005)

A low-cost BiCMOS SiGe:C-HBT is accurately modeled 
using adaptive neuro-fuzzy inference system (ANFIS) 
for the first time. The Volterra kernel-based approach 
can be suitable for this new kind of modeling. The mo-
del has been trained and tested with different sets of 
input/output data. Accuracy of the model is checked 
for all the DC and S parameters in a wide range of bias 
and frequencies. On the validation of the ANFIS model, 
the average error is found to be less than 4 %. Espe-
cially in high-current and high-frequency regions, the 
ANFIS model is proved to be excellent unlike most of 
the physics-based equivalent circuit models that fail to 
track the actual device behavior. 

(4)  Strained Silicon on Insulator (SSOI) by Wafer- 
bonding 

  S.H. Christiansen, R. Singh, I. Radu, M. Reiche, 
U. Gösele, D. Webb, S. Bukalo, B. Dietrich

  Materials Science in Semiconductor Proces- 
sing 8 (1-3), 197 (2005)

Strained silicon devices provide for an enhanced car-
rier mobility compared to that of unstrained silicon 
devices of identical dimensions. The device perfor-
mance gets even better when using strained silicon on 
insulator material. We report experimental procedures 
based on wafer bonding, smart cutting and selective 
chemical etching to obtain thin strained silicon (15 nm) 
on insulator wafers. The starting material is an 8˝ wa-
fer with pseudomorphically grown strained silicon on a 
so-called virtual substrate as realized by epitaxial che-
mical vapor deposition of relaxed SiGe (grown with a 
grading rate of 10 % Ge in the SiGe-alloy per 1 µm lay-
er deposition) on a Si (001) substrate. The starting and 
bonded wafers are characterized: (i) structurally using 
transmission electron microscopy, (ii) topographical-
ly, using atomic force microscopy and (iii) the strain is 
quantified using UV-Raman spectroscopy. 
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(5)  Mechanisms of B Deactivation Control by  
F Co-Implantation

  N.E.B. Cowern, B. Colombeau, J. Benson, and  
A. J. Smith, W. Lerch, S. Paul, T. Graf, F. Cris- 
tiano, X. Hebras, D. Bolze

  Applied Physics Letters 86, 101905 (2005)

Thermal annealing after preamorphization and solid-
phase epitaxy of ultrashallow B implants leads to deac-
tivation and diffusion driven by interstitials released 
from end-of-range defects. F inhibits these proces-
ses by forming small clusters that trap interstitials.  
A competing B&F interaction causes deactivation 
when F and B profiles overlap. Both pathways sup-
press B transient enhanced diffusion.

(6)  Atomic-Scale Properties of High-k Dielec-
trics: ab initio Study for Pr-based Mate-
rials

  J. Dabrowski, A. Fleszar, G. Lippert, G. Lupina, 
A. Mane, H.J. Müssig, T. Schröder, R. Sorge,  
H. Thieme, C. Wenger, P. Zaumseil

  Advances in Solid State Physics 45, 339 
(2005)

We discuss the atomic and electronic structures and 
energetics of native point defects and of impurities 
(Si, Ti, B, moisture) in Pr2O3 and, to some extent, also 
in PrOx and in Pr2Si2O7, as obtained from ab initio to-
tal energy calculations. We introduce the concept of 
Silicon-related Nitrogen-Coordinated Oxygen (SiNCO) 
which we then use to explain the origin of fixed char-
ge in classical SiO2 films thermally grown on Si sub-
strates and in high-k dielectrics deposited on Si sub-
strates.

(7)  Paving the Way for Wireless Gigabit Net-
working

  J.-P. Ebert, E. Grass, R. Irmer, G. Fettweis,  
R. Kraemer

  IEEE Communication Magazine, GCN (Global  
Communications Newsletters) 43(4), 27 (2005)

Wired LANs soared to the gigabit level some years 
ago, and terabit networks are in place for wide area 
networking. However, in terms of data rate, wireless 
short-range networks tend to lag one generation be-
hind wired LANs. The recent second generation of 
wireless short-range networks offers transmission 
rates of up to 54 Mb/s. The third wireless LAN ge-

neration is under development and will materialize in 
the IEEE 802.11n standard in about two years. IEEE 
802.11n WLANs will offer a few hundred megabits per 
second, but the performance gap from wired networks 
remains. The recently started project Wireless Giga-
bit with Advanced Multimedia (WIGWAM) aims to clo-
se this gap with a heterogeneous 1 Gb/s fourth-ge-
neration system based on high-data-rate orthogonal 
OFDM transmission, MIMO, and efficient MAC proto-
col techniques.

(8)  Preferred Orientation and Anisotropic Growth 
in Polycrystalline ZnO:Al Films Prepared by 
Magnetron Sputtering

   F. Fenske, B. Selle, M. Birkholz
  Japanese Journal of Applied Physics Letters 44, 

L662 (2005)

A thorough growth study of thin polycrystalline ZnO:
Al samples prepared by DC magnetron sputtering is 
presented. The atomic areal density as a function of 
deposition time t was determined by Rutherford backs-
cattering (RBS), from which a growth rate G(t) can be 
defined. It was found, that in the initial stages of film 
growth G(t) increases with increasing deposition time 
up to a thickness of about 300 nm, although the pro-
cess conditions were kept constant. In addition, the 
preferred orientation of each sample, as characterized 
by a < 00.l> fiber texture, was quantified by evaluating 
the texture index J for each sample. The course of J (t) 
was identified to concomitantly increase with G(t). The 
variation of both, growth rate and preferred orientati-
on, with deposition time is interpreted to be caused by 
an anisotropic growth velocity of ZnO grains. It seems 
that such a close correlation between growth rate and 
texture has not been observed so far.

(9)  SiGe:C BiCMOS-Technology for 77-81 GHz 
Automotive Radar Applications

 G.G. Fischer 
  Micromaterials and Nanomaterials 4, 54 (2005)

The introduction of radar sensors into the modern car 
will lead to significant improvements of comfort (par-
king aid) and security (collision warning). Although sys-
tems with 24 GHz carrier frequency are already in use 
their maximum car park penetration cannot surpass 
7 % because of regulatory issues. Therefore, a switch-
over to 77 – 81 GHz until 2014 is mandatory.
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Recent improvements in the high-frequency perfor-
mance of SiGe:C hetero bipolar transistors (HBT) allow 
Si microelectronics to advance into areas previously 
restricted to compound semiconductor devices and 
make it a strong competitor for the application in  
77 GHz and 79 GHz voltage controlled oscillators (VCO) 
– the core circuits of high-frequency radar sensors.
VCOs manufactured with IHP’s 0.25 µm SiGe:C BiCMOS 
technology showed good functionality around 77 GHz. 
Further research includes improving output power and 
tests of the stability and reliability of the devices under 
the requirements defined by customer specifications.
With the funding of the German Ministry of Education 
and Research (BMBF) the joint research project KOKON 
(www.kokon-project.com) was started October 2004 
to develop and integrate technologies (with focus on 
SiGe circuits) for 77/79 GHz radar sensors. The IHP –  
a member of the Leibniz Association – is partner in the 
KOKON consortium.

(10)  Direct Evidence of Internal Schottky Bar-
riers at NiSi Precipitates in Si by Electron 
Holography 

  P. Formanek, M. Kittler
  Journal of Applied Physics 97, 063707 (2005)

Thin NiSi2 precipitates in n-type Si were analyzed by 
electron holography. A phase shift of the electron wave 
was observed around the precipitate and gives direct 
evidence about the existence of an internal Schottky 
barrier. The barrier at the interface between the preci-
pitate and the Si matrix, doped with 4x1014 cm-3 phos-
phorus, was estimated to yield about 90 mV. This va-
lue is about five times smaller than the dark barrier. 
The lowering of the barrier can be explained as a con-
sequence of excess charge carriers generated by the 
incident electron beam. 

(11)  Application of Electron Holography to Ex-
tended Defects

  P. Formanek, M. Kittler
  Physica Status Solidi C2 (6), 1878 (2005)

Thin NiSi2 precipitates in n-type Si were analyzed by 
electron holography. A phase shift of the electron wave 
was observed around the precipitate and gives direct 
evidence about the existence of an internal Schottky 
barrier. The barrier at the interface between the preci-
pitate and the Si matrix, doped with 4x1014 cm-3 phos-
phorus, was estimated to be about 90 mV. This value 

is about five times smaller than the dark barrier. The 
lowering of the barrier can be explained as a conse-
quence of excess charge carriers generated by the 
incident electron beam. Additional artifacts like varia-
tion of mean inner potential, dead layers, and dynami-
cal diffraction are discussed as well. 

(12)  Potential and Limitation of Electron Holo-
graphy in Si Research

  P. Formanek, M. Kittler
  Solid State Phenomena 108-109, 603 (2005)

We report on electron holography as a promising can-
didate for diagnostics in future silicon technology and 
research. The electron holography determines the lo-
cal phase shift of the electron wave passing through a 
sample. The phase is proportional to the 2D projected 
electrostatic potential in the sample and thus reveals 
p-n junctions and, indirectly, doping. We demonstra-
te detection of sub-monolayer boron layers in Si and 
SiGe, measurement of Ge concentration in SiGe and 
qualitative 2D oxygen mapping in SiO2/Si structures 
with 0.5 nm resolution, and comparison of doping in 
two bipolar transistors with different base implant. Re-
solution and noise limits are discussed.

(13)  Spectroscopic Ellipsometry for In-Line Pro-
cess Control of SiGe:C HBT Technology 

  O. Fursenko, J. Bauer, P. Zaumseil, D. Krüger,  
A. Goryachko, Y. Yamamoto, K. Köpke , B. Tillack

  Materials Science in Semiconductor Proces- 
sing 8 (1-3), 273 (2005)

Spectroscopic ellipsometry (SE) was successfully ap-
plied for in-line thickness and composition control 
of graded SiGe:C heterojunction bipolar transistors 
(HBTs). We have calculated a thickness of Si-cap and 
SiGe:C base, split into the gradient and plateau part 
and Ge content in the plateau. The procedure included 
the creation of databases for the refractive index dis-
persion of all components of HBT stacks using simple 
one-layer structures, with thickness and composition 
calibrated by X-ray diffractometry (XRD). These data-
bases (e.g. SiGe:C optical constants vs. Ge content) 
were applied for thickness and composition characte-
rization of graded HBTs with different profile shapes. 
The difference between SE and XRD for the estimation 
of the main structural parameters is discussed. Final-
ly, the suitability of SE for measuring wafer uniformity 
of HBT layer thickness and composition was demons-
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trated, allowing a proper and efficient fine-tuning of 
the epitaxial growth process. 

(14)  A DC-10 GHz Amplifier With Digital Offset 
Correction

  H. Gustat
  Materials Science in Semiconductor Proces- 

sing 8 (1-3), 439 (2005)

This work presents a SiGe:C wideband amplifier with a 
binary CMOS counter for digital offset adjustment. The 
application of the radix<2 approach to accurate offset 
correction in a digital calibration loop results in smal-
ler area and less power than common static high-reso-
lution offset correction circuits. The counter bits are 
weighted with a radix of 1.6, leading to 25 % error to-
lerance, and thus simple circuits and small devices. A 
BiCMOS test chip in a 0.25-µm-CMOS 200-GHz-SiGe:C 
technology exhibits a correction accuracy well below 
the measurement noise floor of 50 µV at only 1 mW 
additional power consumption. The amplifier operates 
from DC to 10 GHz on a 3 V supply voltage. Since the 
adjustment compensates device mismatch, minimum-
size transistors can be used. This in turn enhances the 
RF performance. 

(15)  A Fully Integrated Low-Power Low-Jitter 
Clock Synthesizer with 1.2 GHz Tuning Range 
in SiGe:C BiCMOS 

  H. Gustat, F. Herzel, I. Shevchenko 
  Materials Science in Semiconductor Proces- 

sing 8 (1-3), 451 (2005)

We present an integrated clock synthesizer in SiGe:C 
BiCMOS technology. The synthesizer is aimed at low-
jitter applications requiring a wide continuous frequen-
cy range at low power consumption. It uses an nMOS 
VCO with an LC tank and differential tuning followed 
by a bipolar dual-modulus prescaler. The circuit draws 
28 mA from a 2.5 V supply. The measured rms output 
jitter of the PLL was below 2 ps over the whole tuning 
range from 4.9 to 6.1 GHz. 

(16)  A 2.5 GHz Eight-Phase VCO in SiGe BiCMOS 
Technology

  F. Herzel, W. Winkler
  IEEE Transactions on Circuits and Systems II, 

52 (3), 140 (2005)

We present a 2.5 GHz voltage-controlled oscillator 
(VCO) with eight equally distributed phases derived 
from a 10 GHz LC VCO. Stochastic and static phase 
errors were obtained by spectrum analyzer measure-
ments in conjunction with an on-chip single-sideband 
mixer. From the measured phase noise spectrum, we 
predict an absolute rms jitter contribution of 130 fs in 
a 2-MHz bandwidth phase-locked loop. A static phase 
error of less than 0.7 was deduced from the sideband 
suppression. The eight-phase VCO is tunable from 2.35 
to 2.85 GHz and draws 16 mA from a 2.0 V supply. 
Possible applications include clock and data recovery 
of a 10 Gb/s signal in a fiber-optic receiver as well as 
high-precision image rejection receivers and I/Q direct 
up-converters for radio-frequency applications.

(17)  Annealing Behavior of New Nitrogen Infra-
red Absorption Peaks in Cz Silicon

  H. Inoue, M. Nakatsu, K. Tanahashi, H. Yama-
da-Kaneta, H. Ono, V.D. Akhmetov, O. Lysytskiy,  
H. Richter

  Solid State Phenomena 108-109, 609 (2005)

New nitrogen related infrared absorption peaks were 
found at 855, 972, 983 and 1002 cm-1. The annealing 
temperature dependence and annealing time depen-
dence at 1000 ˚C and 1100 ˚C of these peaks were ex-
amined and compared with those of known peaks. They 
behaved similarly with those of 810 and 1018 cm-1 peaks 
and were attributed to the same structure including  
N-O interstitial pair and oxygen interstitial, NOOi, 
which is closely related to shallow thermal donors. 
They decreased at lower temperature and faster at 
high temperature than nitrogen interstitial pair with 
oxygen interstitial, NNOi. It is confirmed that NN is do-
minant at defect formation temperature during cooling 
after growth. There were no other absorption peaks, 
such as those due to nitrogen substitutional, intersti-
tial and NO pair.

(18)  Investigation of Ostwald Ripening in Nitro-
gen Doped Czochralski Silicon

  G. Kissinger, A. Huber, K. Nakai, O. Lysytskij,  
T. Müller, H. Richter, W. von Ammon

  Applied Physics Letters 87, 101904 (2005)

Infrared laser scattering tomography was used to inves-
tigate Ostwald ripening in nitrogen-doped Czochralski 
silicon. Contrary to previous assumptions about oxi-
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de precipitation in nitrogen-doped silicon, the results 
clearly demonstrate that Ostwald ripening takes place 
during annealing of N-doped silicon wafers at 1000 °C 
and 1100°C. The higher the nitrogen doping and the 
higher the temperature the faster the oxide precipita-
tes grow and the faster they split into two fractions. 
One fraction is growing at the expense of the other. 

(19)  Oxygen Precipitation in Nitrogen Doped Sili-
con

  G. Kissinger, T. Müller, A. Sattler, W. Häckl,  
M. Weber, U. Lambert, A. Huber, P. Krottenthaler, 
H. Richter, W. von Ammon

  Solid State Phenomena 108-109, 17 (2005)

Nitrogen doping of CZ silicon results in an early forma-
tion of large precipitate nuclei during crystal cooling, 
which are stable at 900 °C. These are prone to deve-
lop stacking faults and high densities of defects inside 
defect denuded zones of CZ silicon wafers. Simulta-
neous doping of FZ silicon with nitrogen and oxygen 
results in two main stages of precipitate nucleation 
during crystal cooling, an enhanced nucleation around 
800 °C, which is nitrogen induced, and a second en-
hancement around 600 °C, which depends on the con-
centration of residual oxygen on interstitial sites. A 
combined technique of ramping with 1 K/min from 500-
1000 °C with a final anneal at 1000 °C for 2 h and lateral 
BMD measurement by SIRM provides a possibility to de-
lineate v/G on nitrogen-doped silicon wafers. Surface 
segregation of nitrogen and oxygen during out-diffu- 
sion can explain the enhanced BMD formation in about 
10 µm depth and the suppressed BMD formation in 
about 40 µm depth below the surface. The precipitate 
growth is enhanced in regions where nitrogen is filled 
up again after a preceding out-diffusion.

(20)  Silicon-based Light Emission after Ion Im-
plantation

  M. Kittler, T. Arguirov, A. Fischer, W. Seifert
  Optical Materials 27, 967 (2005)

Electroluminescence of boron and phosphorus implan-
ted samples has been studied for various implantation 
and annealing conditions. Phosphorus implantation is 
found to have a similar effect on light emission as bo-
ron implantation. The band-to-band luminescence of 
phosphorus implanted diodes is observed to increa-
se by more than one order of magnitude upon rising 
the sample temperature from 80 K to 300 K and a  

maximum internal quantum efficiency of 2 % has been 
reached at 300 K. The remarkably high band-to-band 
luminescence is attributed to a high bulk Shockley-
Read-Hall lifetime, likely promoted by the gettering ac-
tion of the implanted phosphorus. The anomalous tem-
perature behavior of the efficiency can be explained 
by a temperature dependence of the lifetime charac-
teristic of shallow traps. 

(21)  Silicon Based Light Emitters for On-Chip 
Optical Interconnects

  M. Kittler, T. Arguirov, W. Seifert, X. Yu, M. Reiche 
  Solid State Phenomena 108-109, 749 (2005)

Electroluminescence of B and P implanted samples 
has been studied. P implantation is found to have a si-
milar effect on light emission as B implant. The band-
to-band (BB) luminescence of P implanted diodes is 
observed to increase by more than one order of mag-
nitude upon rising the temperature and an internal effi-
ciency of 2 % has been reached at 300 K. An efficien-
cy larger than 5 % seems to be reachable. The strong 
BB line emission at 1.1 µm is attributed to high bulk 
SRH lifetime. The BB line escapes from the substrate 
below the p-n junction. It is not due to the implantation-
related defects/dislocations. The luminescence spec-
trum can be tailored to achieve dominance of the dis-
location-related D1 line at about 1.5 µm. It is observed 
that a regular periodic dislocation network, formed by 
Si wafer direct bonding with a specific misorientation, 
exhibits even at 300 K only D1 photoluminescence. 
Such a dislocation network is believed to be a serious 
candidate to gain an efficient Si-based light emitter.

(22)  Advanced Activation of Ultra-Shallow Junc-
tions Using Flash-assisted RTP

  W. Lerch, S. Paul, J. Niess, S. McCoy, T. Selinger, 
J. Gelpey, F. Cristiano, F Severac, M. Govelle,  
S. Boninelli, P. Pichler, D. Bolze

  Materials Science and Engineering B 124-125, 
24 (2005)

A key issue associated with the continous reduction of 
dimensions of CMOS transistors is the realization of 
highly conductive, ultra-shallow junctions for source/
drain extensions. Millisecond annealing as an equip-
ment technology provides and ultra-sharp temperature 
peak of 1.6 ms width which favors dopant activation but 
nearly suppresses dopant diffusion to form extremely 
shallow, highly electrically-activated junctions without 
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melting the substrate. On boron beamline implanted 
wafers the formation of junctions at peak temperatu-
res ranging from 1275 up to 1325 °C was investiga-
ted. In the special case of boron, silicon wafers deeply 
pre-amorphized with Ge were also used. The thermal 
stability of these boron profile distributions was eva-
luated by subsequent thermal anneals ranging from 
250 ˚C to 1050 °C with times from a few seconds to 
several hundred seconds From these experiments the 
deactivation/re-activation mechanism for subsequent 
annealing can be explained. All the junctions were 
analyzed by four-point probe measurements; selec- 
ted samples were analyzed by Hall-effect, secondary 
ion mass spectrometry (SIMS), and transmission elec-
tron microscopy (TEM). 

(23)  Initial Stages of the Epitaxial Growth of 
Pr2O3 on Si(111) Studied by LEED and STM

  L. Libralesso, T. Schröder, T.-L. Lee, J. Zegen-
hagen

  Surface Science 598, L347 (2005) 

The initial stages of the molecular beam epitaxy 
growth of Pr2O3 on atomically clean Si (111) have been 
studied in ultra-high vacuum by low energy electron 
diffraction and scanning tunneling microscopy. At very 
low coverages, the oxide nuclei decorate the dimer 
rows of the silicon surface as line structure forming 
open triangles. At higher coverages, two-dimensional, 
equilateral, triangular islands with a fairly narrow size 
distribution and a well defined thickness are observed. 
Island nucleation occurs both at step edges and on the 
terraces. Upon coalescence at coverages beyond one 
monolayer, the surface is covered by a flat and pseu-
domorphic oxide film with a (111) surface unit cell. 

(24)  Si Segregation into Pr2O3 and La2O3 High-k 
Gate Oxides

  G. Lippert, J. Dabrowski, V. Melnik, R. Sorge, 
Ch. Wenger, P. Zaumseil, H.-J. Müssig

  Applied Physics Letters 86 (4), 042902 (2005)

Pr and La oxide thin films were investigated in the 
context of their application as high-k dielectrics in 
Complementary Metal Oxide (CMOS) technology. 
The films were deposited by Molecular Beam Epitaxy 
(MBE) on bare and TiN-covered Si (001). The influence 
of growth and post-deposition annealing on the com-
position and electrical parameters was studied. We 
observed Si penetration from bare Si (001) into the 

growing film. Based on the results of capacitance-vol-
tage (CV) measurements and ab initio calculations we 
conclude that Si is a source of defects responsible for 
leakage currents.

(25)  Preparation of Praseodymium Silicate Dielec-
trics with an Atomically Abrupt Interface 
on Si(100)

  G. Lupina, T. Schröder, J. Dabrowski, C. Wenger, 
A. Mane, G. Lippert, H.-J. Müssig, P. Hoffmann, 
D. Schmeisser

  Applied Physics Letters 87(9), 092901 (2005)

Synchrotron radiation x-ray photoelectron spectros-
copy was applied to study the solid state reaction bet-
ween praseodymium and thin silicon dioxide layers on 
Si(100). Nondestructive depth profiling studies by varia- 
tion of the incident photon energy indicate after praseo- 
dymium deposition at room temperature the reaction 
of the upper silicon dioxide to praseodymium oxide and 
silicide. High-temperature annealing of films with an ap-
propriate praseodymium / silicon dioxide ratio results 
in homogeneous praseodymium silicate films with an 
atomically abrupt interface. Ab initio calculations cor-
roborate the results of the photoemis-sion study.

(26)  Modified Virtually Scaling Free Adaptive 
CORDIC Rotator Algorithm and Architecture

  K. Maharatna, S. Banerjee, E. Grass, M. Krstic, 
A. Troya

  IEEE Transactions on Circuits and Systems for 
Video Technology (CSVT) 15 (11), 1463 (2005)

In this paper, we proposed a novel Coordinate Rota-
tion Digital Computer (CORDIC) rotator algorithm that 
converges to the final target angle by adaptively execu-
ting appropriate iteration steps while keeping the scale 
factor virtually constant and completely predictable. 
The new feature of our scheme is that, depending 
on the input angle, the scale factor can assume only 
two values, viz., 1 and 1/sqrt2, and it is independent 
of the number of executed iterations, nature of itera- 
tions, and word length. In this algorithm, compared to 
the conventional CORDIC, a reduction of 50 % itera-
tion is achieved on an average without compromising 
the accuracy. The adaptive selection of the appro- 
priate iteration step is predicted from the binary repre-
sentation of the target angle, and no further arithme-
tic computation in the angle approximation datapath 
is required. The convergence range of the proposed 
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CORDIC rotator is spanned over the entire coordina-
te space. The new CORDIC rotator requires 22 % less 
adders and 53 % less registers compared to that of 
the conventional CORDIC. The synthesized cell area 
of the proposed CORDIC rotator core is 0.7 mm2 and 
its power dissipation is 7 mW in IHP in-house 0.25 µm 
BiCMOS technology. 

(27)  A CMOS Process-Compatible Wet-Etching 
Recipe for the High-k Gate Dielectrics Pr2O3 
and Pr2-xTixO3 

  A.U. Mane, Ch. Wenger, T. Schröder, P. Zaumseil, 
G. Lippert, G. Weidner, H.-J. Müssig

  Journal of the Electrochemical Society 152 (6), 
C399 (2005)

The fabrication of complementary metal oxide semi-
conductor (CMOS) structures with praseodymium oxi-
de (Pr2O3) or titanium-doped praseodymium oxide 
(Pr2-xTixO3) (0x1) layers as integrated high-k gate dielec- 
trics requires the development of a process-compa-
tible etching recipe. Different wet-etching proces-
ses in acid-based chemistry were evaluated and solu- 
tions of diluted sulfuric acid were identified as suitab-
le etchants for Pr2O3 and Pr2-xTixO3 layers on Si subs-
trates. Metal-oxide-semiconductor stacks with poly-Si 
as the potential gate electrode were patterned with 
the help of tetramethyl ammonium hydroxide as the 
selective etchant attacking the poly-Si gate electrode 
material but not the underlying Pr-based high-k gate 
dielectric layers.

(28)  Process Integration of Pr-Based High-k Di-
electrics

  A.U. Mane, C. Wenger, G. Lupina, T. Schröder, 
G. Lippert, R. Sorge, P. Zaumseil, G. Weidner,  
J. Dabrowski, H.-J. Müssig

  Microelectronic Engineering 82, 148 (2005)

We present microprocessing compatibility of Pr-based 
high-k gate dielectrics for complementary metal-oxi-
de-semiconductor (CMOS) devices. MOS structures 
integrated with boron-doped poly-Si and Pr-based 
oxides layers were deposited by molecular beam epi-
taxy (MBE) process. Reactive ion etching (RIE) with 
CF4/O2 plasma was used to etch the poly-Si layer se-
lectively. Diluted H2SO4 based solutions was used to 
etch Pr-based oxides layers. Details of etch kinetics of 
Pr-based oxides layers, poly-Si and electrical proper-
ties of MOS devices are presented.

(29)  Electric-dipole Spin Resonance Signals Rela-
ted to Extended Agglomerates of Interstitial 
in Silicon

  T. Mchedlidze, S. Binetti, A. Le Donne, S. Pizzini, 
M. Suezawa

  Journal of Applied Physics 98, 043507 (2005)

Three electric-dipole spin resonance (EDSR) signals 
from defects having C1h symmetry were detected in 
Czochralski-grown silicon (Cz-Si) samples. The signals 
labelled TU7, TU8 and TU9 were detected after sub-
jecting of the samples to two-step annealing proce-
dures at 450 °C and at 650 °C for prolonged times. 
Formation and structural evolution of large interstitial 
agglomerates known as rod-like defects (RLD) occur 
in Cz-Si during analogous annealing procedures. Com-
parison of the EDSR signal details with the formation 
peculiarities and the defect structures of the RLDs, in-
ferred from previous investigations, allows assigning 
of the TU7, TU8 and TU9 spectra to the line-interstiti-
al defects, the planar defects and the dislocation di-
poles, respectively. Correlations of the EDSR signals 
and peculiarities in the PL spectra for the samples 
are reported.

(30)  Formation and Properties of Iron-Phospho-
rus and Iron-Phosphorus-Hydrogen Comple-
xies in Silicon

  T. Mchedlidze
  Solid State Phenomena 108-109, 379 (2005)

Hitherto unreported ESR signal, labelled TU10, was 
detected after annealing of electron-irradiated silicon 
samples doped with phosphorus, iron and hydrogen. 
The ESR spectrum corresponds to a complex having 
monoclinic-I symmetry and S = 3/2 spin-state. Hyper-
fine structure of the TU10 spectrum suggests parti-
cipation of two nucleus with spin I = 1/2 and 100 % 
abundance in the core of the related defect. Doping 
of samples with hydrogen-deuterium mixture revealed 
presence of one hydrogen atom in the complex. The 
second nucleus with I = 1/2 is apparently a phospho-
rus atom. Presence of single iron atom was verified by 
doping with iron heaving modified isotope content. An 
intensity of the previously reported TU6 signal, rela-
ted to iron-phosphorus complex, was significantly sup-
pressed in hydrogen-doped samples.
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(31)  Precipitation Enhancement of so Called De-
fect-Free Czochralski Silicon Material 

  T. Müller, G. Kissinger, P. Krottenthaler, C. Seuring, 
R. Wahlich, W. von Ammon

  Solid State Phenomena 108-109, 11 (2005)

Thermal treatments to enhance precipitation like RTA, 
ramp anneal and argon anneal were performed on low 
oxygen 300 mm wafers without vacancy or interstitial 
agglomerates (so called defect-free material). Best re-
sults were achieved using high temperature argon an-
neal leading to a homogenous BMD and denuded zone 
formation. Furthermore the getter efficiency was posi-
tively tested by intentional Ni-contamination.
Concepts to overcome the slip danger like improved 
support geometries and nitrogen codoping were also 
evaluated and are seen to be beneficial.

(32)  Enhanced Relaxation of SiGe Layers by He 
Implantation Supported by in situ Ultraso-
nic Treatments 

  B. Romanjuk, V. Kladko, V. Melnik, V. Popov,  
V. Yukhymchuk, A. Gudymenko, Ya. Olikh,  
G. Weidner, D. Krüger

  Materials Science in Semiconductor Proces- 
sing 8 (1-3), 171 (2005)

Helium implantation-enhanced strain relaxation of SiGe 
layers grown pseudomorphically on Si substrates is an 
interesting alternative for the creation of strained Si 
CMOS structures. Here we demonstrate the applica- 
tion of additional in situ ultrasonic treatment (UST) du-
ring He ion implantation for the formation of relaxed 
Si0.8Ge0.2 buffer layers. By Raman spectroscopy and 
X-ray diffraction we show increased relaxation of the 
SiGe layers under the influence of UST. A rectangu-
lar dislocation network with a high dislocation densi-
ty of about 109-1010 cm-2 concentrated near the inter-
face between the SiGe layer and the Si substrate is 
shown by TEM for 100 nm SiGe/Si heterostructures 
after heat treatment at 750 °C, 60 s. Application of 
ultrasonic waves during He implantation keeps a low 
surface roughness of about 0.5 nm.

(33)  High-Frequency SiGe:C HBTs With Elevated 
Extrinsic Base Regions 

  H. Rücker, B. Heinemann, R. Barth, D. Knoll,  
P. Schley, R. Scholz, B. Tillack , W. Winkler

  Materials Science in Semiconductor Proces- 
sing 8 (1-3), 279 (2005)

This paper reports on the transistor design of high-
speed SiGe HBTs with low parasitic resistances and 
capacitances. Elevated extrinsic base regions and a 
low-resistance collector design were integrated in a 
SiGe:C BiCMOS technology to simultaneously minimi-
ze base and collector resistances and base-collector 
capacitance. This technology features CML ring oscil-
lator delays of 3.6 ps per stage for HBTs with fT/fmax 
values of 190/243 GHz and a BVCEO of 1.9 V. 

(34)  Titanium-Added Praseodymium Silicate 
High-k Layers on Si(001) 

  T. Schröder, G. Lupina, J. Dabrowski, A. Mane, 
C. Wenger, G. Lippert, H.-J. Müssig

  Applied Physics Letters 87(2), 022902 (2005)

Titanium-added praseodymium silicate layers on 
Si (001) are promising high-k insulators for silicon-
based nanoelectronic devices. Synchrotron radiation 
x-ray photoelectron spectroscopy was applied to stu-
dy the effect of titanium additives on the praseodymi-
um silicate/Si system. Nondestructive depth profiling 
by variation of the photon energy shows that thermal 
annealing activates the diffusion of deposited titanium 
into the praseodymium silicate. A homogeneous prase-
odymium titanium silicate layer is formed that shows 
high-quality electrical properties.

(35)  Structure, Twinning Behaviour and Inter-
face Composition of Epitaxial Si(111) Films 
on Pr2O3(0001)/Si(111) Support Systems

  T. Schröder, P. Zaumseil, G. Weidner, G. Lupina, 
C. Wenger, H.-J. Müssig, P. Stork, 

  Journal of Applied Physics 98, 123513 (2005)

The structure of epitaxial Si overlayers on a hexago-
nal Pr2O3(0001)/Si (111) substrate system was investi-
gated by a combination of x-ray reflectivity, specular 
x-ray diffraction, off-specular grazing incidence x-ray 
diffraction, and transmission electron microscopy. 
The Pr2O3 film grows on the Si (111) substrate in the 
(0001) -oriented hexagonal phase matching the in-pla-
ne symmetry by aligning the [100] oxide along the bulk 
[01] Si direction. The hexagonal Pr2O3 (0001) surface 
induces the growth of [111] -oriented cubic-Si epilayers 
exhibiting a microstructure which is composed of two 
types of domains. The ABC-stacked domains preserve 
the crystal orientation of the substrate, while the CBA-
stacked domains are rotated by 180°. A depth profi-
le of the chemical composition of the epi-Si/Pr2O3/
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Si(111) material stack was recorded by combining ion-
beam sputtering techniques with x-ray photoelectron 
spectroscopy. 

(36)  Structure and Strain Relaxation Mecha-
nisms of Ultrathin Epitaxial Pr2O3 Film on 
Si(111)

  T. Schröder, T.-L. Lee, L. Libralesso, I. Joumard, 
J. Zegenhagen, P. Zaumseil, C. Wenger, G. Lippert, 
J. Dabrowski, H.-J. Müssig

  Journal of Applied Physics 97(7), 074906 (2005)

The structure of ultrathin epitaxial Pr2O3 films on 
Si (111) was studied by synchrotron radiation-grazing 
incidence x-ray diffraction. The oxide film grows as 
hexagonal Pr2O3 phase with its (0001) plane attached 
to the Si (111) substrate. The hexagonal (0001) Pr2O3 

plane matches the in-plane symmetry of the hexagonal 
Si (111) surface unit cell by aligning the [1010] Pr2O3 
along the [112] directions. The small lattice mismatch 
of 0.5 % results in the growth of pseudomorphic oxi-
de films of high crystalline quality with an average do-
main size of about 50 nm. The critical thickness tc 
for pseudomorphic growth amounts to 3.0±0.5 nm. 
The relaxation of the oxide film from pseudomorphism 
to bulk behavior beyond tc causes the introduction of 
misfit dislocations, the formation of an in-plane small 
angle mosaicity structure, and the occurence of a pha-
se transition towards a (111) oriented cubic Pr2O3 film 
structure. The observed phase transition highlights 
the influence of the epitaxial interface energy on the 
stability of Pr2O3 phases on Si (111). A mechanism is 
proposed which transforms the hexagonal (0001) into 
the cubic (111) Pr2O3 epilayer structure by rearranging 
the oxygen network but leaving the Pr sublattice al-
most unmodified.

(37)  Impact of Low Temperature Hydrogenation 
on Recombination Activity of Dislocations 
in Silicon

  O.F. Vyvenko, M. Kittler, W. Seifert
  Solid State Phenomena 108-109, 151 (2005)

Silicon samples doped with gallium and intentionally 
contaminated with iron have been studied by means of 
electron beam current (EBIC), capacitance voltage (CV) 
and deep level transient spectroscopy (DLTS) methods. 
Reverse bias anneal (RBA) treatments at temperatures 
of 390-420 K were used to move hydrogen and dissol-
ved iron atoms away from the surface. A new proce-

dure was developed to find dislocations lying on desir-
able depth from the surface and to analyze the depth 
distribution of their recombination contrast. Iron con-
taminated dislocations do not noticeably change their 
recombination activity when kept in an electrical field 
as high as 104 V/cm at 420 K for several hours. This 
implies a tight binding of iron atoms at dislocations. 
The binding energy of iron with dislocations seems 
to be much larger than for Fe-Ga and H-Ga pairs. Low 
temperature hydrogenation of iron contaminated dislo-
cations does not produce any passivation effect. In op-
posite, the recombination activity of the dislocations 
significantly increases after RBA treatment.

(38)  Recombination Activity and Electrical Lev-
els of Dislocations in p-Type SiGe Structures: 
Impact of Copper Contamination and Hydro-
genation

  O.F. Vyvenko, M. Kittler, W. Seifert, M.V. Trushin
  Physica Status Solidi C2 (6), 1852 (2005)

Deep levels, associated with misfit dislocations in clean 
and copper contaminated p-type Si/Si0.98Ge0.02/Si struc-
tures, are under consideration. In the as-grown (non-
contaminated) samples dislocations were found to ex-
hibit a very low recombination activity, detectable with 
the electron-beam-induced current technique only at 
low temperatures. Deep-level-transient spectroscopy 
revealed a dislocation-related hole trap level at Et = Ev 
+ 0.2 eV which was identified as band-like. The posi-
tion of the observed level is close to the theoretical-
ly predicted hole trap state of the intrinsic stacking 
fault between a dissociated dislocation. Contamina-
tion with a low copper concentration (5 ppb) gave rise 
to a large increase of the recombination activity of 
the dislocations and to the appearance of another dis-
location-related defect level at Et = Ev + 0.32 eV. Hy-
drogenation of the copper contaminated sample by 
a treatment with an acid solution and subsequent re-
verse-bias anneal at 380 K resulted in the evolution of 
the levels of substitutional copper and its complexes 
with hydrogen.

(39)  MIM Capacitors Using Amorphous High-k 
PrTixOy Dielectrics

  C. Wenger, R. Sorge, T. Schröder, A.U. Mane,  
G. Lippert, G. Lupina, J. Dabrowski, P. Zaumseil, 
H.-J. Müssig

  Microelectronic Engineering 80, 313 (2005)
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Capacitor performance of amorphous PrTixOy dielectric 
films deposited on TiNx metal electrodes to form MIM 
structures with Al top electrodes is demonstrated for 
the first time. The PrTixOy capacitors were fabricated 
within the temperature budget of back end processes. 
Preliminary data on the composition of the dielectric lay-
ers and the interaction of water with the films was obtai-
ned by X-ray photoelectron spectroscopy (XPS). The I(V) 
and C(V) device characteristics are discussed. 

(40)  A 117 GHz LC-Oscillator in SiGe:C BiCMOS 
Technology 

  W. Winkler, J. Borngräber, B. Heinemann
  Materials Science in Semiconductor Processing 

8(1-3), 459 (2005)

In this paper a voltage-controlled oscillator (VCO) is 
presented reaching oscillation frequencies well above 
100 GHz. The oscillator has been fabricated in a 200 GHz 
SiGe:C BiCMOS technology with 0.25 µm minimum fea-
ture size. In the design of the VCO two circuit appro-
aches were considered. The first used transmission-
lines in the resonator and the second used inductors 
above the silicon substrate. It is shown by simulation 
that by using inductors a higher oscillation frequency 
can be obtained. The fabricated oscillator has a tuning 
range from 113.2 to 117.2 GHz at a supply voltage of 
-3 V. This oscillation frequency is the highest reported 
so far for a silicon-based transistor technology. 

(41)  High Resolution XRD Characterization of 
SiGeC Structures for High Frequency Micro-
electronics Applications

  P. Zaumseil
  Journal of Alloys and Compounds 401, 254 

(2005)

It is demonstrated how high resolution X-ray diffracto-
metry (XRD) in comparison to different other characte-
rization techniques, reflectometry, spectroscopic ellip-
sometry, Auger electron spectroscopy, secondary ion 
mass spectroscopy, and transmission electron micro-
scopy, can be used to analyze the layer properties of 
typical SiGeC hetero-bipolar transistor (HBT) structu-
res. For three different HBTs the parameters of Si cap 
and total SiGeC layer thickness, and the maximum Ge 
content are measured and the error limits of the dif-
ferent techniques are discussed. The values obtained 
agree very well within the error limits. Concerning lay-
er thickness an achievable accuracy of about 1 nm is 

realistic and reproducible in a routine process. The 
highest accuracy in Ge content determination of about 
0.5 % can be realized by XRD and well-calibrated spec-
troscopic ellipsometry. XRD measurements in small 
(0.5x0.5 mm2) structures show comparable results 
with a laboratory source and synchrotron radiation. 

(42)  A Complex X-Ray Characterization of Epita-
xially Grown High-k Gate Dielectrics

  P. Zaumseil, T. Schröder
  Journal of Physics D 38, A179 (2005)

Different x-ray techniques are used to characterize 
Pr2O3 layers epitaxially grown on Si substrates. X-ray 
reflectometry is the preferred technique to determine 
the layer thickness and to detect and characterize 
possible interface layers. With standard x-ray diffrac-
tion (XRD), we found for 100 Si substrates that Pr2O3 
grows in its cubic phase with the 110 direction per-
pendicular to the surface, while the hexagonal phase 
in 0001 orientation is preferred for 111 Si. In the thick-
ness range of microelectronics applications, Pr2O3 lay-
ers can be considered as well-ordered heteroepita-
xial structures. The relaxation of the oxide layer from 
pseudomorphism to bulk behaviour was studied in the 
technologically important thickness range(1-10 nm) by 
synchrotron radiation grazing incidence XRD.

(43)  Structural Characterization of Epitaxial
 Si/Pr2O3/Si(111) Heterostructures
  P. Zaumseil, T. Schröder, G. Weidner
  Solid State Phenomena 108-109, 741 (2005)

The use of heteroepitaxial Si/Pr2O3/Si (111) systems as 
semiconductor-insulator-semiconductor (SIS) stacks in 
future applications requires a detailed structural cha-
racterization. We used X-ray reflectivity (XRR) to con-
trol layer thickness and interface roughness, standard 
X-ray diffraction (XRD) to analyze the Pr2O3 phase, orien- 
tation and crystal perfection, and grazing incidence 
XRD to study the thin epitaxial Si top layer. Transmis-
sion electron microscopy (TEM) was used to prove 
the results by direct imaging on a microscopic sca-
le. Pr2O3 grows epitaxially in its hexagonal phase and 
(0001) orientation on Si (111) substrates. An epitaxial 
Si overgrowth in (111) orientation and good perfec-
tion is possible, but such Si layers exhibit two stac-
king twins, one with the same in-plane orientation as the 
substrate and one rotated by 180° around the Si [111] 
direction. 
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(44)  FTIR Spectroscopic System with Improved 
Sensitivity

  V.D. Akhmetov, H. Richter
  Proc. DRIP XI, 37 (2005) 

(45)  Optimization of Anti-reflective Coatings for 
Lithography Applications

  J. Bauer, S. Virko, B. Kuck, T. Grabolla, V. Melnik,  
O. Fursenko, W. Mehr

  Proc. SPIE 5835, 263 (2005)

(46)  Optimization of Anti-reflective Coatings for 
Lithography Application

  J. Bauer, S. Virko, B. Kuck, T. Grabolla, V. Melnik,  
O. Fursenko, W. Mehr

  GMM-Fachberichte, 177 (2005)

(47)  A Low-Power, 10 Gs/s Track-and-Hold Am-
plifier in SiGe BiCMOS Technology

  Y. Borokhovych, H. Gustat, B. Tillack, B. Heine-
mann, Y. Lu, W.-M. Lance Kuo, X. Li, R. Krithi- 
vasan, J.D. Cressler

  Proc. ESSCIRC, 263 (2005) 

(48)  Area Efficient Hardware Implementation of 
Elliptic Curve Cryptography by Iteratively 
Applying Karatsuba‘s Method 

  Z. Dyka, P. Langendörfer
  Proc. Design Automation and Test (DATE), 70 

(2005) 

(49)  Enhanced GALS Techniques for Datapath Ap-
plications

  E. Grass, F. Winkler, M. Krstic, A. Julius, C. Stahl, 
M. Piz

  Integrated Circuit and System Design, 15th Int. 
Workshop PATMOS, Berlin Springer Verlag, 581 
(2005) 

(50)  NOR/OR Register Based ECL Circuits for 
Maximum Data Rate
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  Proc. BCTM, 90 (2005)
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  F. Herzel
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miconductor Application Symposium, 193 (2005)
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tems

  F. Herzel, M. Piz, E. Grass
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(2005) 
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  Proc. DRIP XI, 67 (2005) 
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  Technical Digest IEDM, 1027 (2005) 
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