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1 Research and Development

a Digital Logic Circuit and System Design
a Digital Logic Circuit Synthesis on RTL- and gate-level

a High-Level Digital Logic Synthesis and Automation: from programming
level to RTL and gate-level [more information 1.1.]

& Sensor Networks [more information 1.11.]

& Usage and application of Articial Intelligence algorithms for distributed
data processing and energy management, with respect to the mapping of
Al algorithms to microchips and distributed microchip systems [more infor-
mation 1.11.]

a Distributed Computing and Operating Systems [more information 1.4.]
a Scientic and Data Processing Software [more information 1.5.]

a Laser Distance Measuring Techniques [more information 1.6.]

& Optical Surface Measuring Techniques [more information 1.7.]

& Optical Systems and Components [more information 1.8.]

a Solid State Laser Design [more information 1.9.]

4 Numerical Simulation [more information 1.10.]

Research is interdisciplinary and covers physics, computer and engineering sci-
ences. Both fundamental and applied topics are explored.

New research elds focus on the circuit design automation (synthesis) and ap-
plied digital circuit design.

High-Le vel Digital Logic Synthesis

High-Level-Synthesis of digital circuits performs the transformation from an algo-
rithmic programming language to hardware behaviour level, nally synthesized
to gate-level. Target technologies are either Field-Programmable-Gate-Arrays
(FPGA) used for rapid prototyping or custom designed Application-Speci c-
Integrated-Circuits (ASIC).

The ConPro programming language is a new enhanced imperative program-
ming language and maps the programming level to Register -Transf er-Logic us-
ing a higher-level-synthesis approach performed by the synthesis tool ConPro,
shown in gure 1. In contrast to other approaches using modi ed existing soft-
ware languages like C, this language is designed from scratch providing a con-
sistent model for both hardware design and software programming. The pro-
gramming model and the language provide parallelism on control path level using
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Research and Development

a multi-process model with communicating sequential processes (CSP), and on
data path level using bounded program blocks.

Each process is mapped to a Finite-State-Mac hine and is executed concurrently.
Process instructions are executed in the order they appear on programming level.
Additionally, program blocks can be parameterized and can control the synthesis
process (scheduling and allocation). Synthesis is based on a non-iterative, multi-
level and constraint selective rule-set based approach, rather than on a traditional
constrained iterative scheduling and allocation approach.

Required interpr ocess comm unication and synchronization is provided by a
set of primitives, entirely mapped to hardware, already established in concurrent
softwareprogramming (multi-threading), implemented with an abstract data type
object model and method-based access.

With the ConPro programming environment and synthesis framework it is possi-
ble to develop complex System-On-Chip (SoC) designs beyond the one million
gate boundary. In contrast to traditional SoC design approaches with structural
composition methods, the ConPro approach provides a behavioural and func-
tional composition of the SoC.

This synthesis approach is ef cient and stable enough to create complex circuits
reaching the million gates boundary.

Digital Logic and Circuit Design

There are research and development activities in the area of complex digital logic
systems and System-on-Chip design used in application speci ¢ data processing
and control systems.

JTAG Test and Programming

There is an ongoing research project with focus on embedded JTAG (Joint Test
Group) and TAP (Test Access Point) controllers and devices using digital logic
circuit design and FPGA technologies.

Distrib uted Computing and Distrib uted System Design

There are development and research activities in the areas of

network coupled distributed operating systems,

distributed measuring data acquisition and distributed data processing sys-
tems,

and parallel numeric processing using network coupled computer clusters,

design of distributed and parallel systems using different implementation
technologies (like software based embedded program controlled systems
and hardware based application speci ¢ digital logic circuit design),
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FIGURE 1: High-Le vel-Synthesis of digital circuits from an imperative pro-
gramming langua ge using the ConPro compiler .
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FIGURE 2: Virtual machine concepts and functional programming used for
distrib uted computing: VAM.

protocol and communication design for distributed and parallel systems.

The developed compact and scaleable operating system micro kernel VX-
Amoeba together with a high performance network communication protocol
(FLIP) best suited for distributed computing applications targets both hardware
reduced embedded computers and generic desktop computers. Additional soft-
ware running on the top of already existing operating systems merges the em-
bedded computers world with a convinient desktop programming environment
like Unix. This approach unites a distributed operating system with a convinient
programming environment.

Virtual machine concepts play an increasing role in operating system design. The
Virtual Amoeba Machine project VAM focus on a communication and application
environment for distributed measuring and data processing systems. Addition-
ally, it's suitable for network coupled parallel computer clusters used for solving
numeric problems. The VAM is executed on the top of already existing operating
systems from the UNIX world, for example Linux or FreeBSD. But it can execute
on the native VX-Amoeba kernel, too, a micro kernel best suited for distributed
program environments.

More informations about distributed operating systems and distributed computing
can be found here: 3.5..

Scienti®c Software
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Software environments and tools used for processing and visualization of scien-
tic data sets.

One major project in this area is PSiLAB .

PsiLAB has been developed for scienti ¢ research and data analysis. It is freely
distributed in source code format under Gnu Public License, version 2. PsiLAB is
written mainly in the functional language O'CaML developed at INRIA research
laboratories. It's mainly made of three parts:

1. Aninterpreter, of course O'CaML itself
2. libraries written in O'CaML,

3. external libraries written in Fortran and C.

Main features of PsiLAB are:

All O'CaML functions and data types are supported,
support for different data types: oat, int, complex
extensive matrix package

2D and 3D plot package with graphical or postscript output
various generic and special mathematical functions

linear algebra package (solving of linear equation systems and linear least
square problems)

Linear Regression

non linear least square t routines
Fast Fourier Transformations
some image processing functions

online help system, easily extensible by user functions

More informations about the project can be found here: 3.10.1..
Laser Distance Measuring Techniques

Research and development in the area of laser based measuring techniques and
systems for accurate and long range distance mesaurements using the time-of-
ight technology, for example implemented in spatial 3-D laser scanners.
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FIGURE 3: Measuring setup for the accurate measurement of distances using
shor t light pulses and measuring the sum of time of ight of the forwar d travel
to an object under test and the backward travel of the scattered light.
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FIGURE 4: Measuring setup for the accurate measurement of distor tion and
rotation of rough surfaces using alaser scattering measuring technique [SP-
SURO00].

Development of methods and instruments for object distance measurement us-
ing light traveling time processing, called TimeOfFlight method, with single shot
features. This method is used for example in 3D-Laserscanner technology. The
results and accuracy of this measuring method depends strongly on light detector
and light emitter technolgy. Therefore, one main part of research is done in the
area of photodiode light detectors and laserdiode light emitters.

Optical Surface Measuring Techniques

Development of non-contact optical laser based measuring methods and instru-
ments for the measurement of surface distortions.

Optical Systems and Components
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Design and manufacturing of opto-electronical and opto-mechanical components
which are fundamental parts of each optical measuring device. The features and
the success of an optical measuring method depends strongly on the features of
light detectors and light sources.

Development and manufacture of opotelectr onic system components ,
for example high-speed photodetectors, high-speed laserdiode drivers.

Signalconditioning in light detectors and light emitters.

Design and development of high speed light detectors using avalanc he
photodiodes . Technical data:

U Spectral range: 400-1000 nm
U Sensitivity: ~ 30kV/W

U Electrical signal rise time: <0.5ns
High voltage modules without transformers and coils. Technical data:

U Voltage range: Uyy=100..220V

u Current: Igy=0..5mA

Development of fast passive and active light detector s using PIN photo-
diodes with medium and large active area. Technical data:

U Spectral range: 400-1000 nm
U Sensitivity: ~ 300V/W

u Electrical rise time: 1ns ... 15ns

Development and design of pulsed laserdiodes with special pulse laser-
diodes. Technical data:

U Spectral wavelength: 905 nm
u Peak power: 100mW-100W

U Pulse duration: 2ns - 50ns

Conventional bipolarfMOSFET transistor laser diode drivers with variable
pulsewidth and diode current.

Development of laser contr oller s with peak current up to 100 A.

HF-Modulation of laserdiodes up to 1GHz frequency.
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Laser Design
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FIGURE 5: Example of an active PIN-Detector -Module (PDRO1).

Development of application-speci ¢ digital logic systems used in optical
measuring and control devices for data acquisition, data processing and
system controlling using FPGA technology. They are replacing ordinary
software programmable microcontroller systems and analog circuit tech-
nologies providing advantages over energy consumption, size and perfor-
mance.

Application-speci c digital signal processing systems cover different areas:

U FPGA and electronic design

u Circuit modelling using VHDL and Verilog hardware-behaviour-
languages

U AD- and DA-Conversion design

There are research and development activities in the area of solid-state laser
technologies satisfying requirements in special optical applications and systems.

Development and design of pulsed lasers using special pulse laserdiodes.
Technical data:

U Spectral wavelength: 905 nm
u Peak power: 100mW-100W

U Pulse duration: 2ns - 50ns

Development and design of customized solid-state lasers with optical
laser pumping technologies.
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FIGURE 6: Example of a prototype of a doub le-pulse solid-state ruby laser
with high output energy in the mJ range [LASCAO02].

Double-Pulse Ruby-Laser: a special solid state laser using a ruby rod
based design. Two laser heads operate to produce a double laser pulse
output with speci ed pulse delay times (a prototype is shown in gure 6).
Some technical data topics:

Emitting Wavelength: 694 nm

Emitting Wavelength: 694 nm

Pulse energy, each Laserunit: 10-30 mJ
Pulse duration: 200 us

Double pulse time distance: minimal 0.5 ms
Peak Power: 100 W

Beam diameter behind mode Iter : 1 mm

c ¢ ¢ ©c cc < < C

Polarisation of the laser light: linear

Numerical Simulation

Simulation of ligth scattering from surfaces of arbitrary micro and macro topology.

Sensor Networks and Al Methods

11
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FIGURE 7: Message based comm unication in sensor networks using smart
delta-distance-vector routing.

With increasing miniaturization capabilities of electronic systems sensor networks
gain increasing importance in science and engineering topics.

There are research activities in network communication and distributed data pro-
cessing topics required in high-density and highly-miniaturized sensor networks.

Fundamental contributions come from digital logic circuit design merging sensors,
data processing units, and communication.

Smart and robust message passing in sensor networks is a main issue in high-
density networks with nodes of small size and less computing power, illustrated
in gure 7 using delta-distance-vector routing.

Arti cial Intelligence algorithms (Al) contribute to the design of robust distributed
data processing systems and energy management in such systems. Smart en-
ergy management enables the design of self-powered sensor nodes and is a pre-
requisite for high-density and highly-miniaturized sensorial materials [SPIE11A].
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Overview
Scienti c Competences:

u Computer Science: Distributed and Parallel Systems, Communication
and Protocolls

u Computer Science: Digital Circuit Design on gate- and algorithmic
level

U Computer Science: Selected Algorithms from Arti cial Intelligence
(A)

U Physics: Optical Systems and Measuring Techniques
U Physics: Laserphysics and Systems

U Phsyics: Optical Spectroscopy

Development of Scienti ¢ Software

Digital Logic and Hardware Circuit Design
Computer Architecture

Optical Measuring Techniques

Design & Manufacturing of Optical Components
Design & Manufacturing of Electronical Systems
Software Programming

Numerical Simulation

Electromagnetic Measuring Techniques

Development and programming of distributed data acquisition, measuring,
and processing systems, based on ethernet network technology and single
board computers (embedded sysetsm), combined with ordinary PC work
place computers. Features:

u Simple coupling of measuring instruments with hardware reduced sin-
gle board computers connected to local area network.

U Ordinary PCs using UNIX like operating systems serve as operational
platform and development environment.

Software development for network coupled parallel computer clusters and
parallel numeric applications.

13



Competences

Modelling and Synthesis on Hardware-Beha viour -Level
Using modern VHDL and Verilog "programming” languages enables the
design of digital logic circtuis on hardware behaviour level with a Register -
Transfer-Logic (RTL) architecture. Gate-level synthesis provides transfor-
mation from RTL to gate-level and nal taregt technology mapping (FPGA
or standard-cell ASIC).

Both FPGA (Xilinx and Actel) and standard-cell ASIC (sxlib) synthesis and
design are supported. A large set of different gate-level synthesis tools are
available.

Modelling and Synthesis on Algorithmic Program Level
Using an imperative programming language (for example C) enables the
design of digital logic circuits on an high abstract algorithmic level. A
high-level-synthesis tool is used to transform the program-model-level to
hardware-behaviour-level and Register-Transfer-Logik.

We are using our own developed High-Level-Synthesis framework ConPro
to perform the design ow. The ConPro programming langauge is an en-
hanced imperative programming langauge with a multi-process model and
communicating sequential processes using interprocess-communication
known from multi-threaded programming-models.

Using this design framework it is possible to design complex and large de-
sign reaching and superpose the million gate boundary.

Development of laser optical measuring methods, for example surface dis-
tortion measurements.

Development of laser based distance measurement using the Time-Of-
Flight (TOF) method.

Light-Waveguide and Fibertechnologies

CNC based manfucaturing of mechnaical components for optical part pro-
totypes and opto-electronical systems.

2D- and 3D-CAD based design of mechanical parts

Design and manufacturing of minaturized optomechanical components (for
example ber coupler)
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The following picture shows an example of an in-house manufactured housing of
a laser diode module.

B Design & Manufacturing of Electr onical Systems

SMD manufacture and assembling: assembling of electronical and minitu-
arized component groups with modern surface mount technolgy SMD.

CNC based manufacture of electronic printed circuit boards using isolation
milling methods with milling width down to 200 micro meters.

The following picture shows examples of in-house manufactured and partially as-
sembled prototypes of a high voltage supply module used for avalanche photodi-
odes and pulsed laser diodes.

Design and devlopment of electronical measuring and laboratory systems
used in these main areas:

u Optical measuring instruments

U Sensor data processing: acquisition of physical properties like: light
intensity, temperature, pressure, current, voltage, and many more.

15
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U Electronical high voltage switches and generators for optical pockels
cell, avalanche photodiode and laser diode control.

u Diode laser control (Impulse and CW)
Digital logic circuit techniques:

U Microcontroller circuits and components (Atmel AVR microcontroller)

U Programmable Logic: CPLDs (Complex programmable logic devices)

and FPGAs (Field programmable gate arrays) used in varity of appli-
cation elds, mainly focusing on data processing and control.
The following picture shows an example of the FPGA development
board SPACONL1 used for control of laser diodes. The board consists
of a Xilinx Spartan-Il FPGA (TQFP housing) and auxiliary electronics
(power, memory).

Bl Software Programming

Imperative Programming Languages
Traditional imperative languages like C, Fortan, and Pascal, and machine
assembly languages ( x86, UltraSparc)

Functional Programming Languages
Modern functional programming languages of the ML family for abstract
and some kind of safety highlevel programming: Haskel, SML,OCaML.

The OCaML language merges different programming styles: a functional
core, imperative statements like variables with side effects and loops, and
nally object orientated features with methods.

Virtual Machines
Use of virtual machine concepts as a portable and operating system inde-
pendent program execution environment (for example OCaML bytecode or
Forth-interpreter).
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Numerical Simulation of light scattering from surfaces of arbitrary geometry and
micro topography.

Measuring techniques for electromagnetic high frequency els and solving of EMI
and EMC problems.

Advice concerning equipment of scienti ¢ laboratories: Electronic measuring in-
struments, physical measuring instruments, mechincal measuring instruments,
optical components for optical experiments, production machines (CNC for proto-
typing), educational physical and optical experiment kits, and many more topics.

17
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All the project and research activities are of interdisciplinary nature and consist of
a combination of physical, computer science and technical areas.

The research and development activities are divided into these main areas:

1.

Digital Logic Circuit Design, Synthesis, and Design Automatation

[more informations 3.1.]

Distributed Parallel Computing and Distributed Operating Systems

[more informations3.5.]

. Optical Systems

[more informations 3.6.]

Time-Of-Flight Distance Measuring Techniques using pulsed laser radiation

[more informations 3.7.]

Laser Diode Controller

[more informations 3.8.]

High-Frequency Low-Noise Ampli ers for optical Detectors

[more informations 3.9. ]

Scienti ¢ Software

[more informations 3.10.]

. CNC Machines

[more informations 3.11.]

. JTAG Controller and Devices

[more informations 3.3.]

Circuit Design and Design Automatation

18

Today there is an increasing demand for application-speci ¢ digital logic systems
to serve low power and miniaturized designs, for example in opto-electronical
devices like laser diode controllers.

There are different modelling levels:

1.

on gate level describing the circuit as a netlist of elementary logic gates
and register cells,

. on hardware behaviour level describing the behaviour of a circuit using a

HDL,
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3. on RTL level describing the data-path of the circuit using registers, func-
tional units, data path selectors, registers, and of the control path using
nite state machines (consisting of RTL, too),

4. on programming level using an imperative or functional programming lan-
guage describing the algorithm.

The ConPro programming language, an new enhanced imperative programming
language, was developed to map the programming level to Register-Transfer-
Logic using a higher-level-synthesis approach performed by the synthesis tool
ConPro.

ConPro - an advanced programming language and synthesis framework
for complex System-On-Chip (SoC) ciruit design on behavioural level.

[more informations 3.2.]

ConPro Programming Language and Synthesis

The ConPro programming language, an new enhanced imperative programming
language, was developed to map the programming level to Register-Transfer-
Logic using a higher-level-synthesis approach performed by the synthesis tool
ConPro.

In contrast to other approaches using modi ed existing software languages likeC,
this language is designed from scratch providing a consistent model for both
hardware design and software programming. The programming model and the
language provide parallelism on control path level using a multi-process model
with communicating sequential processes (CSP), and on data path level using
bounded program blocks.

Each process is mapped to a Finite-State-Machine and is executed concurrently.
Additionally, program blocks can be parameterized and can control the synthesis
process (scheduling and allocation).

Synthesis is based on a non-iterative, multi-level and constraint selective rule-set
based approach, rather than on a traditional constrained iterative scheduling and
allocation approach.

Required interprocess communication is provided by a set of primitives, en-
tirely mapped to hardware, already established in concurrent softwareprogram-
ming (multi-threading), implemented with an abstract data type object model and
method-based access.

It can be demonstrated that this synthesis approach is ef cient and stable enough
to create complex circuits reaching the million gates boundary.

Concurrency can be either modelled explicitly (not transparent) or implicitly (trans-
parent) by the synthesis tool:

19
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Explicit Parallelism
The programming model explicitly describes parallelism which means the
programmer is responsible for modelling concurrency using for example
processes or threads and synchronization primitives. Usually this is the
preferred method for exploration of coarse-grained parallelism, which re-
quires partitioning on algorithmic level, well done by the programmer, rather
by the synthesis tool. No further computational effort must be made by the
synthesis tool.

Implicit Parallelism

The compiler tries to explore and derive parallelism from an initially sequen-
tial program speci cation, described with an imperative language, or using
functional languages with (hidden) inherent concurrency [SHA98]. Mostly,
concurrency is derived from loops using unroll techniques with allocation
of resources in parallel, but concurrency can be explored in basicblocks of
data-independent expressions, too. For example, both expressions X X
+landy Yy + 1 can be scheduled (using RTL only) in one time step
requiring two adders. Usually this is the preferred method for exploration
of ne-grained parallelism on data path level. High computational effort
must be made for balancing area and time constraints, usually done with
an iterative approach [KU92].

There are several advantages of the explicit concurrency model versa the implicit
model derived from initially pure sequential code, found in most extended C-like
approaches [HLSO08], especially in the context of reactive systems. Knowledge
based modelling of concurrency can lead to higher degree of concurrency. A
multi-process model with communicating sequential processes provides a con-
cise way, 1. to directly map imperative programming languages to RTL, and 2. to
provide parallelism on control path level. The multi-process model requires ex-
plicit synchronization, shown in gure 8. Interaction between processes, mainly
access of shared resources, is request-acknowledge based.

Concurrency on control path level requires synchronization [ANDOO] . At least
the access of shared resources must be protected using mutual exclusion locks
(mutex). Access of all global objects is implicitly protected and serialized by a
mutex scheduler. IPC and external communication objects are abstract object
types, they can only be modied and accessed with a de ned set of methods
u={u1,U»,...}, shown in table 1.

Queues and channels can be used in expressions and assignments like any other
data storage object.
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FIGURE 8: The multi-pr ocess model with request-based sync hronization

(IPC).

IPC Object A Description Methods U

mutex Mutual Exclusion Lock lock, unlock

semaphore Counting Semaphore  init , up,down

barrier Counting Barrier init , await

event Signal Event init, await,
wakeup

timer Periodic Timer Event  init , set start ,
stop , await

gueue (*) FIFO queue read, write

channel (*) Handshaken Channel ~ read, write

TABLE 1: Available IPC objects.

Queues and channels belong both to the

core and abstract object class, too, and can be used within expressions and

assignments (*).

The ConPro programming language consist of two classes of statements: 1. pro-
cess instructions mapped to FSM/RTL, and 2. type, and object de nitions . It is
an imperative programming language with strong type checking. Imperative pro-
grams which describe algorithms that execute sequentially from one statement to
the next, are familiar to most programmers. But beneath algorithmic statements
the programming language must provide some kind of relation to the hardware
circuit synthesized from the programming level.
The syntax and semantics of the programming language is consistently designed
and mostly self-explanatory, without cryptic extensions, required in most hard-

21
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ware C-derivates, like Handel-C or System-C, providing easy access to digital
circuit development, also for software programmer.

Additionally there is a requirement to get full programmability of the design activ-
ities themselves, that means of the synthesis process, too [RU87], implemented
here with constrained rules on block level, providing ne-g rained control of the
synthesis process. The synthesis process can be parameterized by the program-
mer globally or locally on instruction block level, for example scheduling and allo-
cation.

The set of objects is splitted into two classes: 1. data storage type set A, and
2. abstract data object type set (ADTO) Q, with a subset of the IPC objects
A. Though it is a traditional imperative programming language, it features true
parallel programming both in control and data path, explicitly modelled by the
programmer.

Processes provide parallelism on control path level, whereby arbitrary nested
bounded blocks inside processes provide parallelism on data path level.

There is an extended interface to connect to external hardware objects.

The set of object types a contains storage A, signals A, and abstract objects
Q={A,D,E}: a={A,Q}. The set D contains data computational objects, for exam-
ple, random generators and DSP units, and the set E contains external commu-
nication objects. Some object de nitions are shown in example 2.

Data storage can be implemented with single register s or with variables sharing
one or more memory blocks. Choosing one of these object types is a contraint
for synthesis, not a suggestion (in contrast to software programming). Regis-
ters provide concurrent-read-exclusive-write (CREW) access behaviour, whereby
variables provide only exclusive-read-exclusive-write access behaviour (EREW).
Both data storage types can be de ned locally on process level or globally on
module level. Both registers and variables are true bit-scaled , that means any
width ranging from 1 to 64 bit can be used. In the case of variable storage, the
data width of the associated memory block is scaled to the widest object stored
in this block. Fragmented variable objects are supported.

Beneath data storage objects which can be used within expressions (read and
write access), there are abstract objects , which can be accessed with a set of
methods U only. Each abstract object belongs to a module de nition and im-
plementation (Module-O), which must be opened before rst object de nition. A
method is applied to an object using the selector operator and a list of argu-
ments passed to method parameters (or empty list for pure reactive methods):
Q. u(argl,arg2,...)

An object de nition ( resource allocation) requires the speci cation of data and
object type, b and a, respectively.

The signal type A provides access and control on hardware level. There is no
behaviour model behind this signal (in contrast to VHDL), it is just a connection
wire with a speci ed logical signal level and a direction. The signal object can
be used in expressions and assignments and provides read and write access like
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any other storage object, though write access is temporal limited to the activity
window of the assignment. The signal type appears in component structures, too.
A strong typed expression model is provided. There is a set of core data types:
b={logic, int, bool, char}. Producttypes, both structures and arrays, can
be de ned to provide user-de ned types.

A structure contains different named elements with de ned data types b. The
structure type must be de ned before an object of this type can be de ned: type
T. { E1. bl; E2: b2; ..}.

The object type a (register, variable or signal) is associated during object de ni-
tion. For each structure element a separate storage element is created.

Array de nitions consist of object and cell data type speci cations in the form:
array A: a[N] of b. Arrays can be accessed dynamically selected. In the
case of register or object arrays, index-selected multiplexer and demultiplexer are
created. Multi-dimensional storage arrays and arrays of abstract objects including
processes are supported.

Array and structure cells are accessed using the selector operator already intro-
duced for method access: O.Efor structures, and O.[l] for arrays.

Expressions contain data storage objects, constants, and operators. Supported
are all common arithmetic, Boolean (logical), and relational operators. Most of
them are directly mapped to hardware behaviour level (VHDL operators). Initially,
assignments to data storage objects are scheduled in one time step, and the or-
der of a sequence of assignments is preserved. A sequence of data-independent
assignments can be bound to one time unit either explicitly by the programmer
(bounded block), or implicitly evaluated by the basicblock scheduler (preserving
data dependencies, but violating sequence order). A semicolon (without fur-
ther scheduling constraints) schedules an assignment, whereby a colon sepa-
rated list binds assignments to one time unit, shown in example 1, e.g. RTL
scheduling originally proposed by Barbacci [BAR73]. A time unit requires at least
one clock cycle, but can consume more clock cycles in the case of access of
guarded (shared) objects. Depending on selected synthesis rules, there are
different expression models which can be set on block level using the parame-
ter: expr={"flat","binary","shared" }. The at model maps operators of
a (nested) expression 1:1 to hardware blocks (no shared resources), the binary
mode splits nested expressions into single two-operand subexpressions using
temporary registers, improving combinational path delay, and the shared model
provides resource sharing of functional operators using ALUS.

ExAMPLE 1: Example of assignments. Lines 3 and 5..9 (parameteriz ed block)
re ect equivalent syntax for concurrent statements with identical behaviour.
Automatic basicb lock scheduling is applied to the second process (parame-
terized process body block).

1 process pl:
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2 begin

3 a 1, b 3 z x1;
4:

s begin

6: a 1,

7 b 3;

8: z Xx-1;

o end with bind;
w X (atb)*4;

1 end;

122 process p2:

13 begin

14: a 1,

15 b 3;

16: z Xx-1;

17: X (atb)*4;
1 end with schedule="basicblock" ;

There are conditional branches, both Boolean and multivalue branching, condi-
tional, unconditional and counting loops, conditional blocking wait-for statements,
function calls, and exceptions. Exceptions are abstract (symbolic) signals which
can be raised anywhere inside a process, and caught either inside the process
where the signal is raised, or outside from any other process calling this respec-
tive process. Exceptions are propagated accross process boundaries. Excep-
tions are the only structural way to leave a control environment, there is no break,
continue or goto statement. Tables 2 and 3 summarizes available control state-
ments and their impact on the control path G

The unconditional always-loop is used for request-based server loops (in nite
loop). The wait-for statement is used usually with signals, checking the value
of an expression of signals and optionally applies a statement (usually signal
assignments) until the condition E changes to value true. Because signals are
assigned a value to only as long as the assignment is active, a default value can
be speci ed with the optional else-branch. Also time delays can be implemented
with the wait-for statement. Is the clock frequency of the system is known, time
can be speci ed in second units.

User-de ned functions can be implemented in two different ways: 1. as inlined
not-shared function macros and 2. as shared function blocks. In the rst case,
the function call is replaced by all function instructions, and function parameters
are replaced by their respective arguments. In the second case, a function is
modelled using the described process with an additional function control block
containing a function call lock bound to an access scheduler and registers re-
quired for passing function arguments to parameters and returning results. Only
call-by-value arguments of atomic objects can be used. The remaining function-
ality is provided by the underlying process model using the call method.
Functions are restricted to non-recursive calls due to a missing stack environ-
ment.



Projects

Control Statement

Description

G

if E
then Al
[else AZ];

match E with
begin
when E1: Al;
when E2: A2;

énd;

Boolean Conditional
Branch (false-branch

optional)

Multi-Value Conditional
Branch

S {S(Al)jEztrue /
S(Az)jE= faise /
S+E=false

s {s(Al)je=e1 /
S(A2)je=e2 /
o}

TABLE 2: Available branc h statements and impact on state change S in con-
trol path G(s: actual state, S+ is next statement, {} is set of conditional state
selections, and / mututal alternation).

Control Statement Description G
while E Conditional and s {s(A)je=true /
do A unconditional Loop S+ faisd
always "
do A;
for i = atob Counting Loop (to or s {S(A)jizapg /
do A, _to directi :
down-to direction) S+Ji<fa;bg}
waitfor E Conditional Delay (E can S {Sje=fase /
[with Al be time condition) SHE=true}
else A2]
try A with Exception Catcher (Awith s {s+. raise /
begin raise e statements) S(A1) jraisqen)
whenel: Al,; )
when e2: A2;
end;

TABLE 3: Available loop statements and impact on state change S in contr ol
path G(s: actual state, S+ is next statement, {} is set of conditional state
selections, and / mututal alternation).
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FIGURE 9: The process implementation on hardware architecture level.

TIMER

GLOBAL TOPLEVEL OBJECTS

REG_WR SEM_DOWN ;
SEM_GD SEM_UP
REG_WE REG_RD l TIMER_GD
RESET]
cLk
Process 1 »| Process 2 »| Process 3
—

PRO_1_ENABLE
PRO_1_END

FIGURE 10: The process block interface and system inter connect.

Each high-level process is mapped to a FSM and RTL, shown in gure 9. Process
instructions are mapped to states of the FSM. Figure 11 showes the process sys-
tem interconnect using signals. Access of objects is request-based and requires a
request signal fed into a mutex-guarded access scheduler, responsible for serial-
ization of concurrent access by different processes. A guard signal is read by the
process FSM, providing a simple and ef cient two-signal handshake (REQ@ ACY.
The ConPro synthesis tool maps programming level processes to hardware com-
ponents (entities in VHDL terminology), each consisting of 1. a FSM (state reg-
ister and state transition network), 2. combinational data path of RTL (data path
multiplexer, demultiplexer, functional units) and 3. transitional data path of RTL
(data path multiplexer, demultiplexer, functional units, and local registers), shown
in gure 18. The process block interface and system interconnect shown in g-
ure 10 require different signals for the control and data path. Shared objects can
be connected to different processes, requiring control signals for atomic access
(called guards). All processes and objects are sourced by one system clock and
reset signal, thus all functional blocks operate synchronously.

The scheduler interconnect is shown in graph 1. There are two levels of
handshakend synchronization: between each process i and the scheduler:
{REQ-i,GD-i}, and between the scheduler and the object implementation block:
{ACT,ACK

Example 2 shows a complete ConPro design. It is the implementation of the
dining philosophers problem using semaphores. Five philosophers sit around a
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[ 10-PORT |
[10-1] 10-210-3] 10-4 |

-~ X
10-1 [ 10-2 10-1 [ 10-2
IMPLEMENTATION BLOCK 1 IMPLEMENTATION BLOCK 2
ACT [ ACK ACT [ ACK
A 4

e

ACT-1 | ACK1 | ACT2 | ACK2
SCHEDULER
REQ-1] GD-1[ REQ-2 [ GD-2 [ REQ-N [ GD-N

| L]

[REQ[eb ]| [REQ[GD| [REQ[GD]
[ PRO-1 | | PRO-2 | [ PRON |

~—1g

w]

GRAPH 1: Access scheduler block architecture connecting both the port in-
terface of processes (REQ and GD signals) and the interface of shared ob-
ject (hardware) implementation blocks (activ ation and ackkno wledg e signals
ACT/ACK and possib le external 10 connections).

circular table. Each philosopher spends his life alternately thinking and eating. In
the center of the table is a large platter of spaghetti. Each philosopher needs two
forks two eat. But there are only v e forks for all. One fork is placed between
each pair of philosophers, and they agree that each will use only the forks to the
immeadiate left and right [ANDOO], here implemented with a semaphore array
fork .

The read ports of the shared registers eating and thinking are exported to the
module toplevel port. The design consists of seven processes. The philosophers
are implemented with the process array philosopher . Gate-level synthesis with
a standard cell technology [SXLIB, LIP6] results in a circuit with 3919 gates, 235
D- ip- ops , and an estimated longest combinational path of 17 ns (55 MHz max-
imal clock frequency).

EXAMPLE 2: A complete ConPro example: the dininig philosopher problem.

open Core;

open Process;

open Semaphore;

open System;

open Event;

object sys: system;

7 sys.simu_cycles (500);

s  Object ev: event;

o array eating,thinking: reg[5] of logic;
1. export eating,thinking;

11:

12z array fork: object semaphore[5] with depth=8 and scheduler="fifo";
13:

14 process init:

15: begin

16: for i =0to 4 do

@ a9 kK @ N B
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56:

57:

58:

59:

60:

61:
62:

63:

64:

65:
66:

67:

68:

69:

fork.[i].init (2);
ev.init  ();
end;

function eat(n):
begin
begin
eating.[n] 1,
thinking.[n] 0;
end with bind;
wait for 5;
begin
eating.[n] 0;
thinking.[n] 1;
end with bind;
end with inline;
array philosopher: process[5] of
begin
if # < 4 then
begin
ev.await ();
always do
begin
get left fork then right
fork.[#].down  ();
fork.[#+1].down  ();
eat (#);
fork.[#].up 0;
fork.[#+1l.up  ();
end;
end
else
begin
always do
begin
get right fork then left
fork.[4]l.down  ();
fork.[0l.down  ();
eat (#);
fork.[4].up 0;
fork.[0].up 0;
end;
end;
end;

process main:

begin
init.call 0;
for i =0to 4 do
begin
philosopher.[i].start 0;
end;

ev.wakeup ();
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. end;
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JTAG Controller and Devices

Forth

There is an ongoing research project with focus on embedded JTAG (Joint Test
Group) and TAP (Test Access Point) controller devices and processors using ad-
vanced methods in digital logic circuit design and FPGA/ASIC technologies.

Hardware- and software implementation of the stack language Forth and Forth
processors using advanced methods in digital logic circuit design and FPGA/ASIC
technologies.

29



Projects

Distrib uted Computing

30

Overview:

VAM - distributed operating system based on Amoeba with virtual machine
and functional programming concepts

[more informations 3.5.1.]

AMUNIX - Amoeba extension for UNIX-like opertaing systems

[more informations 3.5.2.]

AMCROSS - Amoeba crosscompiling environment for UNIX

[more informations 3.5.3.]

VX-Kernel - the new Amoeba microkernel

[more informations 3.5.4.]

VAMNET - a new hybrid distributed operating system environment frame-
work based on native machine code and virtual machine concepts

[more informations 3.5.5.]

Hl VAM - The Virtual Amoeba Machine

The short name VAM is the abbreviation for the Virtual Amoeba Machine. VAM
provides an execution environment for distributed computing in a heterogeneous
networks, based on the distributed operating system Amoeba from the Vrije Uni-
versiteit, Amsterdam. For UNIX operatings systems there is an Amoeba layer
implemented entirely in user space, called AMUNIX.

The concepts of a native Amoeba system operating with its own kernel and the
AMUNIX Amoeba emulation and interface layer as an additional software layer for
UNIX operating systems have many advantages. But there are some important
disadvantages of these traditional concept:

1. All parts of the kernel, the library and user space programs are pro-
grammed in the C language. C is a powerfull lowlevel language, but it
lacks of safety and the ability of abstraction. There are too many risks of
failures, mostly related with the always visible pointer handling. Moreover,
the programmers spent a lot of time and power with resource management,
like memory space for data structures.

2. C programs are compiled and linked for one native microprocessor archi-
tecture only. This is accetable for the (portable) VX-Kernel, currently only
supporting the x86 architecture. But the AMUNIX interface layer should run
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on various different operating systems and microprocessors. For N differ-
ent operating systems and M hardware architectures, there is a necessity
for the product of N*M builds of the AMUNIX system, all the libraries and
util programs, the FLIP protocol stack and so on.

Some disadvantages can be eliminated with new and modern concepts of func-
tional programming instead using memory pointer based languages like C with
a high probability to cause unresolved errors in the program code during program
execution somewhere in time and space. The authors experiences showed in
the past, that programming errors due to wrong pointer handling can occur years
after the program was written. This class of programming errors are really hard
to nd out, because wrong pointer handling causes normally no exception signal
directly. Instead, some part of the program memory will be corrupted. This will
cause a fully unde ned program behaviour with program aborts in parts of the
program not related to the original pointer corruption. More than 90% of the C
code in the world is infected by pointer corruption and executes in an unde ned
way.

Functional programming, especial the ML programming language, features
strong type checking and automatic type inference compilation which avoids sev-
eral common programming errors, like similar types of different bit width which can
cause unpredictable program output (for example char versa integer). Moreover,
ML provides the programmer with an automatic resource management. There is
no memory pointer code needed (and of course allowed) to program an algorithm.
True functional code has a predictable runtime behaviour.

In contrast to the C language the ML languages provides the programmer with a
higher degree of abstraction facilities. Functional programming is a style that uses
the de ntion and application of functions as essential concepts [COU98. In this
approach, variables play the same role as in mathematics: they are the symbolic
representation of values and, in particular, serve as the parameters of functions.
In imperative programming languages like C there are some limitations: each
function must be introduced with an arbitrary name F. In those languages, we
cannot de ne a function without naming it and there is an explicit assignment
operation, like the return operation. Using imperative languages, the user must
provide the compiler with the type of functions or variables. In contrast, in func-
tional programming the compiler is responsible to nd out types of functions and
variables (or data structures)! Types exist in ML, too, though they are computed
by the system.

A functional style tends to preserve the simplicity and spirit of mathematical
notation. Because functions can be denoted by expressions, function values can
be treated as values just like all other values and therefore functional values can
be passed as argumentes to and returned by other functions.

For reasons explained below, the OCaML programming language from INRIA
software institute was choosen for implementing the VAM system. OCaML be-
longs to the family of ML languages, but not fully compatible to standard ML. It
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provides a ML core with a powerfull and easy to use module system. On the
top of the functional core, imperative programming features including reference
variables and loops are provided. Additionally, it has an object orientated class
system built on the top of the ML core, too. Summarized OCaML provides: func-
tional, imperative and object orientated programming with strong types.

To illustrate the power of functional programming, lets make an example:

fun x -> 2* x +1

This is simply an expression for a mathematical function. Using C, we need to
write instead:

int F(int x){
return (2*x+1);

A named function value, for example "f", can be expressed with the let operator:

let f x=2*x+1

The ML compiler will compile this expression and a result is the following derived
type interface:

#val f : int -> int

You can see, that there is no necessatiy of a type declaration if you de ne a
(functional) value. The compiler will evaluate the expression and nds out that
the multiplication and addition operator is from type integer (int), and therefore
the function argument and the result of the function must be from type integer,
too.

The fact that the ML language treats functions as generic functional values like
normal "variable" values can clearly shown by the next two examples:

let f
# val
let x =
# val x : int

=x+1
int -> int

-+ X

Here, the rst line de nes a function expecting one argument, and the second
de nition just de nes a symbolic variable (not mutable) from type integer. This
value just returns a constant.

Another powerfull of ML is polymorphism. That means, the compiler can't evalu-
ate one or more types of functional values inclusive the return value of a fucntion.
This leads to a powerfull and mighty instrument for reuseable code. For example
a function which iterates a list entry by entry and passes each list entry to a user
supplied function which make some nice things with this list entry:

let rec list_iter func list =
match list  with o
| hd:tl  -> func hd; list_iter func tl;
g o-> 0
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# val list_iter > (a ->'b) ->'a list -> unit = <fun>

The interface derived by the compiler speci es no concrete type. The only fact
we know is that the rst argument must be a function wich expects as the rst
argument a list entry from same type as speci ed in the second list argument
'‘a list . The native lists supported by ML are simple single linked linear lists.
Lists can hold data of arbitrary types. The :: operator in the match statemant,
compareable with the switch/case statemant in C, splits the list into a single value,
the head of the list, and a remaining tail list. The [] operator is the empty list. The
last example showed one more feature of the ML language: function recursion.
Another kind of data type leads to a more strcutured programming style: tuples.
These are simply spoken unnamed compounds of arbitrary data types and en-
tries. Lets assume you want to return more than one value from a function. In
C you must use several pointers passed to the function with its arguments. But
clearly, function arguments should of type input, not of type output. Using ML,
there is a solution, called data tuples. The following example shows this powerfull
feature, with a function expecting two arguments of type integer, and returns a
tuple of three integers:

let arithm x vy =

let mul =x * y in

let div =x/ yin

let add = x + vy in

(mul,div,add)
# val arithm : int -> int -> int * int * int = <fun>
# arithm 1 2
#- . int *int *int =2, 0, 3

A nal example shows the usage of the above de ned polymorph function
list_iter

let list =1[1;2;3] ;
#val list : int list =11, 2; 3]

let sum=ref O ;;
# val sum: int ref = {contents = 0}

list_iter (fun x -> sum:= !sum + x) list ;;

print_int  !sum

# 6
The rst line de nes a list with three entries from type integer. The second one de-
nes a traditional variable known from imperative programming languages. This
imperative variable is mutable, as shown in the nameless function in the list_iter
function evaluation call. The "I" operator just returns the current value of this vari-
able, and the ":=" operator assign a new value to the variable. But in fact this is
not a traditional variable, it's a reference to an object. Each time a new value is
assigned to this reference, this reference points to a new object! In the above
example it's just the result of the addition of two values - a constant in this case.
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But back to the motivations for using functional programming for the extensive job
of operating system programming. As shown above in various examples, the pro-
grammer spent his time with implementing an algorithm, and not with resource
allocation and release, like in imperative languages like C. This make especial
rapid prototyping more faster and safe. This can lead to a more clean and struc-
tured programming style. In CaML there are references, too. But they must point
always to valid objects. There is no nil pointer like in C. And therefore memory
access violations due to nil pointers are not possible. This reduces the time spent
in the job of programming of about thousand of hours, really belive it.

But that's not all. The OCaML language has one more powerfull feature: the ML
compiler doesn't produce native assembler code directly executed by the host
machine, instead it produces architecture and machine independent code, called
bytecode. This bytecode is then interpreted by a virtual machine, emulating an
abstract and in the case of OCaML nearly perfect and to the ML language highly
adpated execution machine. This virtual machine hides all system dependencies
from the underlying host operating system. This feature is perfectly suited for the
implementation of a portable operating system environment !

The OCaML virtual machine is a traditional stack based bytecode processor with
memory allocation and delayed freeing of no more needed memory by a back-
ground garbage collector. Experiencences showd that an algorithm executing
with OCaML using the virtual machine approach is only about 4-5 times slower in
execution time than an optimized C program. The required memory space is hard
to predict, perhaps in contrast to C programs. It can be of course higher than by a
compareable C program. So, for embedded microcontrollers with hard resource
constraints, the C language is mostly the better choice.

Now, with the functional approach in mind, it seems to be a simple task to im-
plement distributed operating system concepts using the OCaML VM and the ML
language. Indeed, the original OCaML virtual machine is highly portable. The
virtual machine consists of these main parts:

1. The bytecode interpreter with a stack based CISC machine architecture.
It's mainly one C function unrolling all the bytecode instructions (about 140
instructions),

2. several ML standard function modules (standard library): Arrays, Lists,
Strings, Integers, Floats...,

3. support for custom datastructures not interpreted by the VM (handled in
external fucntions),

4. the memory manager and the garbage collector,
5. some system dependent parts (the Unix and System module),

6. 10 handling (terminal and le input & output),
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7. backtracing and debugger support.

One result of the functional approach of ML is that functional values can be evalu-
ated independently. This offers a great advantage for interactive toplevel systems.
OCaML is equipped with an interactive interpreter system. You can either type
instructions on the input line, or read input from a le . This text input is compiled
(evaluated) to bytecode and can be immediately executed. These on the y com-
piled code executes with the same runtime behaviour than traditional bytecode
externally compiled directly using the compiler.

The OCaML system, both the virtual machine and the runtime system (VM) , was
adapted to the demands of the Amoeba operating system concepts. The VM was
improved, and the bytecode compiler gots some enhancements.

One main feature of the OCaML virtual machine is a simple interface of user cus-
tomized C functions accessible from ML code. For example a function allocating
a new Amoeba port is implemented in an external C function:

CAMLexport value ext_port_new (value unit)

CAMLparamO0();

CAMLlIocall(port_v);

CAMLlIocall(port_s);

port_v = alloc_tuple(1);

port s = alloc_string(PORTSIZE);
memset(String_val(port_s),0,PORTSIZE);
Store_field(port_v,0,port_s);
CAMLreturn(port_v);

}
The ML code, which tells the compiler that the function is external, is now very
simple:

type port = Port of string (* length = PORTSIZE)

external port_new: unit -> port = "ext port_new"
Each time the port_new ML function is called, the virtual machine will call the
ext_port_new C function. The virtual machine is implemented only with a library
and a main source code le created dynamically. Therefore, the virtual machine
can be recompiled any time with additional functionality. This feature was an
important starting point for VAM.
Most of the Amoeba modules known from the C world were reimplemented with
ML. Only a small part is linked inside the virtual machine, namely the AMUNIX
interface for threads and RPC communication. All other parts are created from
pure ML source.
The basic concepts of the VAM system are shown in gure 11.
The VAM system is divided into a development and a runtime environment. The
development envrionmnet provides the following parts:

1. Several ML libraries with different modules implementing the ML core con-
cepts, the interface to the UNIX environment, the Amoeba system, building
the largest part, and a graphical widget library,
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FIGURE 11: Virtual machine concepts and functional programming used for
distrib uted computing: VAM.

2. a standalone ML Bytecode compiler producing bytecode exectubales. Ad-
ditionally, this compiler can compile a new custom designed virtual ma-
chine. The bytecode compiler is completely programmed in ML, too, and

3. an interactive toplevel VAM program. This program, simply called vam,
contains the bytecode compiler, a command line like toplevel shell for user
interaction, and all ML Modules. With this interactive system it's possible to
compile expressions directly entered into the command line or load external
ML scripts, compiled on the y, too. This on the y compiled bytecode is
linked to the current bytecode program during runtime and can be executed
like any other built in function.

The following list (in alphabetic order) gives an overview of currently implemented
VAM modules. Some modules were provided by external programmers. They
were modi ed and adapted to VAM.

Afs_client - Client interface to the AmoebaFilesystem Server (AfS).
Afs_cache - a data cache implementation used by both the AFS
and DNSserver.

Afs_common- types and structures commono server and client.

Afs_server - core of the AFSserver.

Afs_server_rpc - the RPCserver loop.

Amoeba- the Amoebacore library implementing basic concepts like
capabilities.

Ar - ASCII representation of Amoebastructures like capabilities.

Arg - Parsing of commandine arguments. [OCAML305]

Array - Array operations. [OCAML305]

Bootdir - support for Amoebasbootdirectory  system.

Bootdisk_common- Kernel Boot directory and disk module server
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implementation.
This server module emulates a DNS/AFSinterface  for the kernel
boot partition  holding kernels, binaries needed for bootstrap
purposes and configuation files with a very simple filesystem.
Bootdisk_server - the core module of the server.
Bootdisk_server_rpc - the RPCserver loop.
Bstream - Generic Bytestream interface
Buf - Provides machine independent storing and extracting of Amoeba
structures in and from buffers with bound checking.
Buffer - Extensible buffers. [OCAML305]
Bytebuf - Low level Buffer management.Used for example by the Rpc
module.
Cache - Provides a fixed table cache.
Callback - Registering Camlvalues with the C runtime for later
callbacks. [OCAML305]
Cap_env- support for Amoebascapability environment, similar to UNIX
string  environment.
Capset - capability sets
Circbuf - Support for circular Amoebabuffers with builtin
synchronization  primitves needed in a multithreaded
program environment.
Char - Character operations. [OCAML305]
Db - debug support.
Dblist - double linked lists.
Des48 - Crypthograpic de- and encoding.
Digest - Messagedigest (MD5). [OCAML305]

Bisk -cifdigh levelindiectensk SRINJEP cilifffaGRiterface  which provides

unique low level access to logical (partitions)  and physical
disks.
Disk_common- commorpart used by server and client.
Disk_pc86 - i386 dependent parts.
Disk_server - the disk server, running outside the kernel (UNIX).
Disk_server_rpc - the server loop.

BRS-_Elifhon Bisesiotng antchireesepsicthe (BNRCEigRoridPtetiét  and

server modules.

Dns_server - the core module of the Directory and Nameserver DNS.

Dns_server_rpc - the server loop.

Filename - Filename handling. [OCAML305]

Format - Pretty printing. [OCAML305]

Gc - Memorymanagementcontrol and statistics; finalised values.
[OCAML305]

Genlex - A generic lexical analyzer. [OCAML305]

Hashtbl - Hash tables and hash functions. [OCAML305]

Imagerpc - Image transfer utils.

Int32 - 32-bit integers. [OCAML305]

Inté4 - 64-bit integers. [OCAML305]

Ksys - Kernel system client interface.

Ktrace - Kernel trace and debug support.

Layz - Deferred computations. [OCAML305]

Lexing - The run-time library for lexers generated by [ocamllex].

[OCAML305]

List - Single linked List operations. [OCAML305]

Machtype - Machine type representation, similar to OCaML'sint32
and inté4 module, but more general. Remembethat OCaMlinteger
are only 31/63 bit wide! The last bit is used internally.

Thus, whenthe bit length must be guarenteed, use THIS module.

Map- Association tables over ordered types. [OCAML305]

Marshal - Marshaling of data structures. [OCAML305]

Monitor - Server event monitor support.

Mutex - Supports Mutual Exclusion locks.

Name- Amoebanameinterface (easy to handle frontend to DNS) support.

Om- the core module of the Object Manager Server (Garbage Collector).

Parsing - The run-time library for parsers generated by [ocamlyacc].

Pervasives [OCAH-3A8lule provides the built-in  types (numbers,
booleans,  girings, exceptions, references, lists, arrays, input-output
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channels, ...) and the basic operations over these types.
[OCAML305]

Printf - Formatted output functions. [OCAML305]

Proc - Amoebaprocess client interface.  Provides functions to

execute (native) Amoebabinaries.

Queue- First-in  first-out queues. [OCAML305]

Random Pseudo-random number generator (PRNG). [OCAML305]

Rpc - the fundamental communication interface.

Sema- Semaphoresynchronization support.

Set - Sets over ordered types. [OCAML305]

Shell - someutils for shell like programs.

Signals - Adaption of Amoebasignals to VAM.

Sort - Sorting and merging lists. [OCAML305]

Stack - Last-in first-out stacks. [OCAML305]

Stdcom - this module implements most of the Amoebastandard commands

like std_info.

Stdcom2 - some more.

Stderr - defines Amoebastandard errors.

Stream - Streams and parsers. [OCAML305]

String - String operations. [OCAML305]

Sys - System independent system interface... [OCAML305]

Thread - Amoebamultithreading  module.

Unix - interface to the UNIX operating system (similar to C functions).

Vamboot- a core module implementing Amoebaboot services.

Virtcirc - virtual  circuits: distributed  access of circular buffers.

Weak- Arrays of weak pointers. [OCAML305]

WX_adjust - X widget library:  Adjustement object. [Fab99]

WX_bar- X widget library: ~ Horizontal and vertical  basic

widget container. [Fab99]

WX_base- X widget library: Base object. [Fab99]

WX _button - X widget library:  Button object. [Fab99]

WX _dialog - X widget library:  Dialog object. [Fab99]

WX _display - X widget library: X display interface. [Fab99]

WX filesel - X widget library: Fileselection menuobject. [Fab99]

WX_image- X widget library: - Generic image widget. Derived from the

WX _pixmapclass. [Fab99]

WX_label - X widget library: Text label object. [Fab99]

WX ledit - X widget library:  Text input object. [Fab99]

WX _object - X widget library:  Basic WXobject support. = [Fab99]

WX_popup X widget library:  Simple popup menuobject. [Fab99]

WX_progbar- X widget library: Progress/Value bar object.

WX _radiobutton - X widget library: Radio button object. [Fab99]

WX _root - X widget library: Parent object for all toplevel windows.

[Fab99]

WX_screen- X widget library: X interface utils.  [Fab99]

WX _slider - X widget library:  Slider object.

WX _table - X widget library:  Table container for WXobjects. [Fab99]

WX _tree - X widget library:  Tree selector object. [Fab99]

WX _types- X widget library: Basic types. [Fab99]

WX _valbar - X widget library:  Value bar object.

WX _viewport - X widget library:  Encapsulates WXobjects. [Fab99]

WX_wmtop X widget library: X window manager interface.  [Fab99]

X - the core X11 graphic windows module. Enables direct X11 programming
under VAM. Both UNIX sockets and AmoebsVirtual Circuit X11
communication is implemented. [Fab99]

XGraphics - machine-independent graphics primitives.

Ximage - Generic image support. [Fab99]

Xtypes - basic X11 types and structures. [Fab99]

With this incredible amount of VAM and OCaML modules (and there are still many
more) several Amoeba servers, administration and util programs are implemented
to built a fully functional distributed operating system either on the top of UNIX or
a more raw version on the top of the VX-kernel.
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AFS the atomic lesystem server with backends for UNIX (the lesystem is
stored in generic UNIX les or harddisk partitions managed by UNIX) and
Virtual Disks (the lesystem is stored on harddisks managed by the VX-
Kernel). The AFS lesystem consists of an inode partition holding lesys-
tem informations about each le (described by one inode) and the data
partition(s) holding the le data indexed by the le inode.

DNS the directory and name server. There are slightly different versions for
UNIX and VX-Amoeba. The DNS system consists of an inode partition
which holds directory capabilities and some basic. The directories itself
are saved in generic AFS le obecjts.

VAMBOOT boot services for an initial operating sysetm startup. The boot
server is in fact only a ML script using the boot module.

VOM a garbage collector server. This server is responsible to cleanup
servers periodically. For example the leser ver can contain le object not
referenced anymore, directly speaking the capability of the le objectis lost.
The OM server is a ML script, too.

VDISK a virtual disk server providing a virtual disk interface for UNIX de-
vices.

BDISK a bootdirectory server using the virtual disk interface either of native
Amoeba or local UNIX devices.

vash the VAM shell. It's a user interactive command line controlled shell
compareable with UNIX bash, providing most of the Amoeba administrative
and standard commands.

xafs a graphical frontend both to the Amoeba directory and lesystem and
the UNIX lesystem allowing easy data transfer between both worlds.

std Amoeba standard commands directly accessible from the UNIX shell.

vax Executes native Amoeba binaries either located in the Amoeba

AFS/DNS system or in the local UNIX lessystem on a specied native
Amoeba host. Amoeba kernels can be rebooted with this tool, too.

[KAS93]

M.F. Kaashoek, R. van Renesse, H. van Staveren, and A.S. Tanenbaum
FLIP: an Internetwork Protocol for Supporting Distributed Systems
ACM Transactions on Computer Systems, pp. 73-106, Feb. 1993.

[AMSYS]

Amoeba 5.3 System Administration Guide

[AMPR O]

Amoeba 5.3 Programming Guide
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[COU98]
G. Cousineau, M. Mauny
The Functional Approach to Programming
Cambridge Press, 1998

[FAB99]
Software: Fabrice Le Fessant, projet Para/SOR, INRIA Rocquencourt.

[OCAML305]
Software: OCaML version 3.05, Xavier Leroy et al., projet Cristal, INRIA
Rocquencourt

Bl AMUNIX

The AMUNIX system provides the interface to the basic Amoeba concepts [AM-
SYS,AMPRQ] like RPC messaging on the top of UNIX like operating systems, for
example the open source Linux and FreeBSD operating systems. It consists of
these parts:

1. An UNIX version of the Amoeba thread module called AMUTHR enabling
multithreading normally not a core part of a UNIX operating system. The
AMUTHR module is entirely implemented in UNIX user process space and
nearly 100% compatible to the Amoeba kernel thread implementation. The
Amoeba thread implementation is weaved with the FLIP protocol stack.

2. The AMUNIX library implements Amoebas basic concepts like capability
management or the RPC interface, several server stub functions and many
more. It's mostly derived from the native Amoeba core library.

3. The FLIPD protocol stack daemon entirely executing in the UNIX user pro-
cess domain providing access of AMUNIX programs to the (Amoeba) net-
work using the FLIP protocol [KAS93]. The FLIPD is also responsible for
loacl communication between Amoeba programs.

4. A comfortable development environment with prede ned make les for the
Amoeba con gur ation manager amake similar to UNIX make. With this
development environement it's possible to built libraries and Amoeba exe-
cutables from C source code.

Figure 12 gives an overview and the relationship between these parts.

Each AMUNIX executable incorporates the underlying UNIX system, glued in the
system C library. On the top of this system library, the AMUTHR module was
placed to enable multithreading. Each AMUNIX process has it's own encapsu-
lated thread management responsible only for this process. This mechanism
differs from the native Amoeba system (VX-Kernel) where all processes share
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FIGURE 12: AMUNIX: the Amoeba layer on the top of UNIX.

the same thread manger inside the kernel. The interface to the Amoeba world is
provided by the AMUNIX layer.

The AMUTHR thread module is nearly identical to theVX- kernel thread imple-
mentation. Yes, indead, the source code from the kernel were used nearly un-
changed. A thread switch is performed by a small function written in Assembler,
consisting of less than 10 lines of code. Only the stack and program code pointers
must be changed during a thread switch.

The AMUNIX library differs from the native Amoeba core library only in the thread
and the communication backend. Under native Amoeba with the protocol stack
inside the kernel, the communication backend (RPC...) is implemented simply
with kernel system calls. Under AMUNIX, a UNIX like communication must be
established to the FLIPD daemon, an AMUNIX process, too. The communication
between AMUNIX processes and the FLIP daemon is realized with generic UNIX
sockets.

Using the AMUNIX layer, nearly all Amoeba programs known from the native
System can be build for the AMUNIX environment. The programming interface
kept unchanged including C header les. Only different libraries must be linked
with the AMUNIX executable. And nally, an AMUNIX program can be started
from any UNIX shell or forked by another UNIX program.

The rst time an AMUNIX thread want to use the RPC interface (e.g. with a trans()
call), the AMUNIX layer will try to connect to the FLIP daemon via a public UNIX
control socket. After successfull connect, the FLIP daemon will establish a new
private communication socket only for this particular thread. Additionally for RPC
signal transmission, a dedicated signal socket connection is opened if this is the
rst thread of the process. Each AMUNIX process thread (using RPC) is handled
by the FLIPD daemon with an own process thread.
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FIGURE 13: The UNIX implementation of Amoebas FLIP protocol stack in the
UNIX user process space.

Each AMUNIX process (like a native Amoeba process) must be registered by
the FLIP protocol stack. Each Amoeba process gets an unigue communication
endpoint identi er. As long as the process lives, it keeps this ID number, as well
the process migrates to another machine!

Figure 13 shows details of the FLIP daemon operation with AMUNIX processes.

The network interface of the FLIP daemon needs direct access to the network
layer of the underlying operating system to receive and send raw ethernet pack-
ets. Therefore FLIPD is connected to the UNIX kernel using some kind of sockets,
too. This is the only host system dependent part of the FLIP daemon program.
Under Linux, so called raw sockets, and under FreeBSD the packet Iter inter-
face is used to connect FLIP to the network. The rest of the FLIP source code
(both for the native VX-Kernel and AMUNIX implementation) is operating system
independent.

[KAS93]
M.F. Kaashoek, R. van Renesse, H. van Staveren, and A.S. Tanenbaum

FLIP: an Internetwork Protocol for Supporting Distributed Systems
ACM Transactions on Computer Systems, pp. 73-106, Feb. 1993.

[AMSYS]
Amoeba 5.3 System Administration Guide

[AMPR Q]
Amoeba 5.3 Programming Guide
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Bl AMCROSS

The Amoeba crosscompiling environment for the UNIX operating system consists
mainly of these parts:

1. The Amoeba source code tree (shared with AMUNIX),
2. the Amake con gur ation manager,
3. a build tree with Amake les,

4. and nally the GNU gcc crosscompiler. This gcc was derived from the
original source code and can be compiled independently from the Amcross
environment.

Bl VX-Kernel: amodern -Kernel

The VX-Kernel is derived from the original Vrije-Amoeba kernel and it is a native
Amoeba execution platform with its own set of device drivers and low level re-
source management. The VX-Kernel is used by the VAMRAW system, providing
virtual machine concepts and functional programming on the top of this kernel.

The kernel has the following features and avtanges:

it's a micro kernel (with some advantages of a monolithic kernel like a sim-
pli ed boot operation and core device drivers inside the kernel), and can be
extended and scaled to customized designs,

it supports true multiprocess execution in a protected user process environ-
ment and multithreading, both inside the kernel and user processes,

the kernel has full control about low level process and thread management,

device drivers either built in the kernel or executing outside the kernel as
normal protected processes,

segment based memory management with low level architecture depen-
dent page protection, which protects processes against each other, which
protects the kernel against process memory violations (which leads to pro-
cess abort), and nally, protects processes against kernel memory protec-
tion violations (which leads to kernel abort),

the kernel has a two-level priority based process and thread scheduler, but
inside the kernel threads are non preemptive scheduled,

the thread and rpc programming interface is the same both inside and out-
side the kernel,

a restricted version of the Amoeba core library is available inside the kernel,
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the kernel supports different communication facilities: the common RPC in-
terface (for both local and remote message transfers) and a specialized lo-
cal process interface IPC, similar to RPC, but with enhanced performance,

to enable high performance local and remote interprocess communciation,
the FLIP protocol stack is part of the kernel.

Figure 14 gives an overview of all the components inside the kernel. Most of them
are necessary for a fully functional kernel.

Each kernel has its own internal and pure memory based directory and name
service DNS. Only a small part of system access takes places using the kernel
system call interface, a direct path to the kernel simply calling a system function.
In contrast to monolithic operating systems like UNIX most of the system access
like rading les is implemeneted with message passing. The remaining system
calls of the VX-Kernel are used for:

low level thread and process management,
low level memory management,
user space device driver support (like user process interrupts),

and nally the few functions (getreq,putrep,trans) of the RPC message in-
terface (additionally the group communication interface).

The servers inside the kernel managing the system resources are requested with
remote procedure calls, like all other servers in the Amoeba system running in the
user process context. But, its not necessary to have a local lesystem supported
by the kernel. Therefore, all kernel servers publish their public server capability
in the kernel DNS. Most server generate their server port randomly on kernel
startup, except disk servers. They save their server port on the disk they are
using, but only if an Amoeba elsystem is located on the disk.

The different servers inside the kernel are:

1. The system server (sys) provides generic system informations (kernel
statistics) and system services like the reboot feature,

2. the virtual disk server (vdisk) providing a unigque access to storage devices,
used by higher level lesystem servers like AFS,

3. time and random number services (tod,random),

4. alow level process server (proc), which publishs the process capabilities in
a special directory called "ps",

5. and many device drivers like the terminal server (keyborad, display: TTY),
parallel and serial port and many more.
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FIGURE 14: Overview of the VX-Kernel structure
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Below the server and device driver layer there is the central hardware abstraction
layer part of the kernel loacted: the hard- and software resource management
(slightly distributed over several parts of the kernel). The following main resources
are handled:

10
Hadrware 10 ports of machine devices

IRQ
Interrupts of hardware devices. The same interrupt level may me shared
between several devices.

VMEM

Virtual memory. Each process (inclusive the kernel) has its own virtual ad-
dress space. But in contrast to most monolithic systems there is no swap-
ping of virtual memory parts to a secondary storage media. This limitation
results from rst the overhead needed, second the fact, that RAM mem-
ory is today available in amounts suf cient for most applications, and nally
third the communication system performance decreases with outsourced
memory parts considerable.

PMEM
Physical memory management with access protection features.

PCI
Special bus systems resources like the PCI bus (memory, interrupts, 10
ports) need con gur ation and management.

High level Interrupt management is different for device drivers inside and outside
the kernel. Within the kernel, the device drivers simply provides a function and
installs it as an interrupt handler. If the hardware interrupt was triggered, the
kernel will call the device driver interrupt handler function directly. But the process
context of such an interrupt handler depends on the current executing process!
The interrupt handler function can for example over o w the stack of the current
process (thread).

Outside the kernel, in user processes, there is another solution. The device
driver starts a thread servicing the desired interrupt. This thread must regis-
ter the interrupt and waits for the interrupt event calling a special interrupt await
function blocking the thread untill the interrupt occurs. If the interrupt was trig-
gered, the kernel will wakeup this thread, and the device driver can service the
interrupt. These interrupt handlers always execute in their own process context,
which make the interrupt

Another important part of the kernel is the time(r) management. In contrast to tra-
ditional kernels has the VX-Kernel a dynamically timer management, that means
there is no x ed time unit (ticks). The two jobs of the kernel timer management
are:
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1. periodically call user supllied timer functions,

2. and handling of thread and process timeouts.

The internal (theoretical) time resolution is about one microsecond. The shortest
time intervall needed is determined dynamically on demand. The timer man-
agement is hardware interrupt controlled. After a programmable hardware timer
triggers an interrupt because the programmed time interval T expired, the timer
manager timer_run will be called and thread, process and user function timeouts
Ti=Ti-Twill be calculated. Functions ready to run (timeout T i < O reached)
will be executed. Finally, a new timer intervall T (of the timer manager itself) will
be calculated and programmed into the hardware timer. The timer manager is
weaved with the scheduler (for thread and process timeouts).

The thread management module in the VX-Kernel was fully revised and differs in-
terally from the orginal Amoeba kernel, but the programming interface kept nearly
unchanged, except some enhancements for therad creation.

A process consists initially of one thread, the main thread. Each process, the
kernel is treated like a process, can start new threads. Each threads has its own
stack. Figure 15 shows a typical situation.

The thread and process scheduling is based on a two-level proirity scheme:

1. Each thread of a process has a thread priority TPRIO which can have the
three different values:

TPRIO={HIGH,NORM,LOW}

The thread priority has a process local context, that means that each pro-
cess can choose his thread priorities without limitations.

2. Each process has a process prioritry PPRIO which can have thre different
values, too:

PPRIO={HIGH,NORM,LOW}

The process priority has a higher weight than the thread priority.

All the memory segments are handled by the segment manager as part of the
system server. Each process can allocate more memory segments, for example
using the malloc function, which request a new data segment from the segment
server (via a system call). Each new created thread gets his own stack seg-
ment. Figure 16 shows the usage of memory segments. Memory segment can
be shared between processes executing on the same machine. One common
example is the text segment of a process.

To synchronize the runtime behaviour of different threads inside of one process,
there are different mechanisms:
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FIGURE 15: Thread and processes in the VX-Kernel with diff erent priorities.
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16: Memory segments used by processes and the kernel.
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With Mutual Exclusions (Mutex) shared data structures can be protected
against uncontrolled shared access,

with semaphores a producer-consumer algorithm can be implemented,
barriers can synchronize the execution of several threads,

signals can be used to communicate between different threads of a pro-
cess,

and an await-wakeup implementation is used for the simplest interthread
synchronization.

Process synchronization takes place with:

Remote Procedure Calls RPC, both for the local and remote case,

and local interprocess communication IPC, normally only used by devicde
drivers outside the kernel.

Each Amoeba process is handled with a so called process descriptor. This is
data structure which contains the following informations:

1.

The processor and machine architecture for which this process binary was
compiled,

. an owner capability,
. alist of memory segments (at least the text segment),

. a list of threads currently executing with additional informations about the

thread state.

The segment descriptor holds these informations:

1.

2.

3.

The segment capability (specifying the owner of the segment),
the start address and size,

status ags of a segment (RO/RW/SHARED...).

Finally the thread descriptor holds informations about the current state of each
thread of a process:

1.

2.

3.

The program counter IP,
the stack pointer SP,

processor register copy,
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4. ags and signals,

5. and nally architecture dependent data, for example a fault frame after an
exception was raised.

The process descriptor is part of each program binary le with informations about
the text, initialized and uninitialized datasegments, and the main stack segment.
The owner of these segments stored in the binary is the leser ver untill the pro-
cess was started.

A process is started by another process (or the kernel for booting) simply by
calling a process execution function with the process descriptor read from the
binary le . The process creator will be the owner of the new started process. The
stack segment, which need to be initialized with the process environment, like
environment capabilities and strings, is created using Amoebas leser ver, simply
by creating a new temporaryly le. This must be done by the process creator.
So, the low level process server reads all segments content for the new process
from the leser ver, just by examining the segment descriptors and extracting the
owner capabilities.

A running process can be dumped together with his process descriptor to an im-
age le and be restarted on another machine simply calling the process execution
function again with the current process descriptor.

The process environment, committed to a new process by his stack segment,
contains the following informations:

1. program arguments supplied by the user,

2. standard capabilities:

TTY: terminal server for standard output and input,
RANDOM: random generator server,
TOD: time server,

ROOT: the capability of the root directory for accessing les and di-
rectories.

3. string variables, like the terminal type TERM.

The FLIP protocol stack [KAS93] was fully revised and split in an operating sys-
tem dependent and an independent part. Most of the source code is now fully
operating system independent and is shared in the kernel and the AMUNIX im-
plementation.
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[KAS93]

M.F. Kaashoek, R. van Renesse, H. van Staveren, and A.S. Tanenbaum
FLIP: an Internetwork Protocol for Supporting Distributed Systems

ACM Transactions on Computer Systems, pp. 73-106, Feb. 1993.

[AMSYS]

Amoeba 5.3 System Administration Guide

[AMPRO]

Amoeba 5.3 Programming Guide

Hl VAMNET: The Virtual Amoeba Machine Network

The VAMNET is a hybrid operating system environment for distributed applica-
tions in a heterogeneous environment, concerning both the hardware architec-
tures used and operating systems already present, for example the UNIX-OS.
The VAMNET consists of several parts. Some of them can operate standalone.
All of them built up a hybrid distributed operating system environment with some
new features never seen before. These parts are:

1.

The VX-Amoeba kernel, a compact and powerfull microkernel with dis-
tributed operating systems features.

. The VX-Amoeba environment, primary consisting of libraries supporting

process execution on the top of the VX-Kernel, building a network dis-
tributed operating system.

. The AMUNIX environment : Amoeba (concepts) on the top of UNIX like

operating systems!

. The AMCROSS crosscompiling environment necessary for building na-

tive VX-Amoeba target binaries programmed in C.

VAM: The Virtual Amoeba Machine. This machine unites the core
Amoeba concepts with the world of functional programming in ML and byte-
code execution machines for portable and some kind of safe execution of
programs. All Amoeba system servers, needed to build up a distributed op-
erating system, were reimplemented with VAM-ML. VAM programs can be
executed both on the top of the AMUNIX and the VX-Kernel process layer.

Figure 17 gives a schematic overview of all these components.

The VAMNET is an ongoing research and development project by Dr. Stefan
Bosse from the BSSLAB laboratory, Bremen Germany, started in the year 1999,
currently converging to his nal stage.
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FIGURE 17: Overview about all components of the VAMNET system con-
tained in an example con®guration.

1. Distributed measuring and data acquisition systems, for example remote
digital camera servers connected with an ethernet network equipped with
digital imaging software.

2. The native Amoeba kernel is very well suited for embedded systems, like
PC104 single board equipmment.

3. Distributed systems for machine control.

4. High performance parallel computing and other distributed numerical com-
putations.

5. Distributed lesystems on the top of standard operating systems.
6. Distributed remote (wireless) robot control.

7. Educational tool for the convinient study of distributed services and operat-
ing systems.

1. The basic concepts of the distrubted operating system Amoeba are avial-
able for common operating systems with a convinient desktop environment.
New operating systems mostly lack of actual device drivers, especially on
the x86-pc platform with a wide spectrum of available hardware.

2. For specializied (perhaps embedded) machines, for example data acqui-
sition systems, or hadware device reduced numeric cluster machines, the
native Amoeba kernel is the best choice, featuring a modern and clean
microkernel, and exploring the power of the Amoeba system.
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3. Both worlds, embedded and specialized computers and desktop comput-
ers, can be merged with simple but powerfull methods and concepts using
a hybrid system solution. Each machine gets the system which ts best.

The VAMNET system forges all previously shown single parts to one hybride
operating system:

1. The VAM runtime environment with system servers and user interaction,

2. the native VX-Kernel and a process envrionment on the top of the VX-
Kernel,

3. native VX-Amoeba programs, which can be user customized programs.

The next gure 18 shows an example con gur ation of such a hybrid system. Here,
the VAM system is used to control a CNC milling machine connected to external
embedded PC104 hardware, running with the VX-Kernel and a CNC machine
device driver controlling the axis motion of the machine directly.

First, a boot script will start some basic servers needed for an operational
Amoeba system. This is the leser ver AFS afs_unix and the directory and name
server DNS dns_unix. Both store informations in generic UNIX les . Under UNIX,
the FLIP server ipd is needed for client-server communication, too.

Now the user can start some utils programs, like the VAM shell vash. For devel-
opment purposes, the interactive vam program can be used. With this program
it's for example possible to compile and execute ML scripts. Also it porvides an
online help system containg the VAMNET book.

On the native Amobe side using an embedded PC104 system, there is a boot
server to startup the device driver needed to control the connected milling ma-
chine. Both computers are connected with 100MBit/s ethernet.

All shown components are merged to one operating system environment. With
the VAM shell vash it's possible to get access to the native Amoeba Kernel, for
example kernel statistic informations can be simply accessed by calling the builtin
kstat command. The administration of such a hybrid system is quite simple. Af-
ter the Amoeba le- and directory system was created (using the above shown
servers, t00), only some capabilities must be inserted in the UNIX environment
(using generic UNIX environment variables like ROOTCABecifying the root ca-
pability) and the new created directory system, and some system directories ex-
pected by various servers and util programs.

Most VAM programs can be executed directly on the native VX-kernel. Only the
system Amoeba libam and a limited UNIX emulation library libakjax are required
to implement the VAM virtual machine. This is the only VAM part which must
be adapted to the VX-Amoeba process environment. The VAM bytecode exe-
cutables can be used unchanged for both the native and the AMUNIX Amoeba
environment.
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Shell

Directory Server
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Bootserver

Device Driver

Network

Kemelspace

FIGURE 18: A VAMNET example con®guration connecting a UNIX desktop

computer with a network coupled PC104 contr oller.
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One of the major results of the VAM project is the fact that the Amoeba emulation
layer AMUNIX with the user process implementation of the protocol stack FLIP
and the virtual machine approach have only a slightly decreased performance
compared with the native VX-Kernel and Amoeba implementation. The following
tables gives an impression of the performance and capabilities of the native VX-
Kernel system, the AMUNIX and the VAM on the top of AMUNIX system.

The main indicator for the performance of a distributed operating system is the
performance of the messaging system, that means the data transfer rate and
latency of messages without content (only the message header is transferred).

Machine Con®guration Transfer Direction Transfer Rate Latency
1:AMD-Duron 650 MHz 1) 2 11,2 MBytes/s 130 s
CPU, 64MB RAM,

3COM905 100MBit/s
Ethernet

2:Celeron 700 MHz CPU, 2) 1 10,6 MBytes/s 136 s
64MB RAM, 3COM905
100MBit/s Ethernet

TABLE 4: RPC Test: remote with native VX-Amoeba kernel

Machine Con®guration Transfer Direction Transfer Rate Latency
1:AMD-Duron 650 MHz 1) 2 10,5 MBytes/s 170 s
CPU, 64MB RAM,

3COM905 100MBit/s
Ethernet

2:Cyrix 100 MHz CPU, 2) 1 9,54 MBytes/s 170 s
32MB RAM, 3COM905
100MBit/s Ethernet

TABLE 5: RPC Test: remote with native VX-Amoeba kernel

Machine Con®guration Transfer Direction Transfer Rate Latency

1:AMD-Duron 650 MHz 1) 2 8,7 MBytes/s 270 s
CPU, 64MB RAM,

3COM905 100MBit/s

Ethernet

2:Celeron 700 MHz CPU, 2) 1 9,1 MBytes/s 260 s
64MB RAM, 3COM905

100MBit/s Ethernet

TABLE 6: RPC Test: remote with native VX-Amoeba kernel and AMUNIX
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Machine Con®guration Transfer Direction Transfer Rate Latency
1:AMD-Duron 650 MHz 1) 2 8,7 MBytes/s 300 s
CPU, 64MB RAM,

3COM905 100MBit/s
Ethernet

2:Celeron 700 MHz CPU, 2) 1 8,7 MBytes/s 300 s
64MB RAM, 3COM905
100MBit/s Ethernet

TABLE 7: RPC Test: remote with native VX-Amoeba kernel, AMUNIX, and VAM

The above measurements are example measurements with an accuracy of about
< pm>10%. Of course, table 4 shows that the transfer performance of a RPC
message transfer from one to another machine reaches it's maximal value. Not
only compared with the following AMUNIX and VAM system, also compared with
the maximal possible physical transfer rate of 100MBit/s ethernet: 11,9 MBytes/s.
This result shows the optiomal adaption of the FLIP protocol stack and the under-
lying ethernet device drivers to this network system. Table 5 shows results with a
different machine 2: a very old Pentium like CPU (Cyrix MMX) with only 100 MHZ
core frequency. The VX-Kernel yields to good performance results downto 486
CPU machines.

Using the AMUNIX layer communicating with a native VX-Kernel (Table 6), only a
slight decrease in performance and latency can be observed. The transfer rates
decreases about 20%, and the latency increased about 100%. With additonal
VAM (Table 7), there is no signi cant difference. This result shows the suitability of
ML programming and virtual machine concepts for client-server implementations.
The RPC message passing is not only used for the remote case, but for the local
case, too. The following table 8 shows results for the various environments.

Machine Con®guration Transfer Direction Transfer Rate Latency
1:AMD-Duron 650 MHz 1) 1 136 MBytes/s 12 s
CPU, 64MB RAM,

3COM905 100MBit/s

Ethernet, VX-Kernel

1:Celeron 700 MHz CPU, 1) 1 26 MBytes/s 275 s
64MB RAM, 3COM905

100MBit/s Ethernet,

FreeBSD, AMUNIX

1:Celeron 700 MHz CPU, 1) 1 22,4 MBytes/s 400 s
64MB RAM, 3COM905

100MBit/s Ethernet,

FreeBSD, AMUNIX, VAM

TABLE 8: RPC Test: local case

No surprise the native VX-kernel is the winner. But the AMUNIX and VAM system
have suf cient transfer rates and latency times to implement ef cient local RPC
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communication.

Hl HP-Linda

Development of a high performance distributed version of the Linda tuple space
server and system. HP-Linda uses the RPC communication capabilities of the
Amoeba distributed operating system to implement a distributed tuple space.

HP-Linda manual [PDF]

Il Amoeba Distrib uted Operating System

The Amoeba distributed operating system project [Tanenbaum et al., Vrije Univer-
siteit, Amsterdam] was a research effort aimed at understanding how to connect
computers together in a seemless way.

The basic idea is to provide the users with the illusion of a single powerful time-
sharing system, when in fact, the system is implememented on a collection of
machines, potentially distributed among several countries.

This research has led to the design of the Amoeba distributed operating system,
which is being used as a prototype and vehicle for further research. In this paper
we will discuss the current state of the Amoeba operating system and discuss
some of the lessons learnt in the course of design and implemention of the sys-
tem. The chief goal of the research effort is to build a distributed operating system
that is transparent to the users.

This concept can best be illustrated by contrasting it with a network operating
system, in which each machine retains its own identity. With a network operating
system, each user logs into one speci ¢ machine, his home machine. When a
program is started, it executes on the home machine, unless the user gives an
explicit command to run it elsewhere. Similarly, les are local unless a remote
le system is explicitly mounted or les are explicitly copied. In short, the user
is clearly aware that multiple independent computers exist, and must deal with
them explicitly. In a transparent distributed operating system, in contrast, users
effectively log into the system as a whole, and not to a speci ¢ machine.

When a program is run, the system, not the user, decides the best place to run it.
The user isnot even aware of this choice. Finally, there is a single, system wide
le system. The les in a single directory may be located on different machines
possibly in different countries. There is no concept of le transfer, uploading or
downloading from servers, or mounting remote le systems. A le's position in
the directory hierarchy has no relation to its location.

userman
Amoeba User Manual [PDF]

sysman
Amoeba System Administration Manual [PDF]
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proman
Amoeba Programming Manual [PDF]

Optical Systems

Optical Detector Modules

[more informations 3.6.1.]

Diode Laser and Modules

[more informations 3.6.2.]

Solid-State Lasers

[more informations 3.6.2.]

Laser Diode Controller using Digital Signal Processing systems

[more informations 3.8.]

Optical Wokrbench: mechanical components for experimental setups

[more informations 3.6.4.]

Fiber Optics Modules

[more informations 3.6.5.]

Hl Optical Detector s

Grundlagen
APD-Detektoren
PIN-Detektoren

Impuls- und Hochfrequenzverstarker fur die Verarbeitung von elektrischen
Signalen von Detektoren

Es gibt eine Vielzahl von Detektoren, um Lichtstrahlung in elektrische Strome
bzw. Spannungen umwandeln zu kénnen. Diese Lichtdetektoren beruhen alle
auf dem fotoelektrischen Effekt, bei dem durch Absorption von Lichtstrahlung
(im Photonenbild ein quantisierter Vorgang) Elektronen in Festkdrpermaterialien
einen elektrischen Strom verursachen. Voraussetzung fiir den fotoelektrischen
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Effekt mul eine Photonenenergie th:hf, mit f als Frequenz des Lichts, sein,
die groRRer bzw. gleich der Bindungsenergie Wpg von Elektronen der Festkdrper-
atome ist.

Eine Fotodiode besteht aus einem Halbleitermaterial eventuell in Kombination
mit Metallen oder im Falle einer Fotodiodenvakuumrdhre nur aus metallischen
Materialien. Es gibt verschiedene Bauarten [1]:

PIN
PIN-Fotodioden: Eine p- und n-dotierte Hableiterschicht ist durch eine (in-
trinsische) nichtdotierte getrennt.

APD
APD-Fotodioden: Wie PIN-Dioden, aber durch eine angelegtes hohes elek-
trisches Feld erfolgt in der intrinsischen Zone eine Verstarkung des Elek-
tronenstroms durch elektronische lonisation im Tragermaterial (Avalanche-
Effekt).

MSM

MSM-Fotodioden: MSM steht fir "Metal-Semiconductor-Metal" und
beschreibt den Aufbau der Diode mit einem Halbleitermaterial in
Verbindung mit Metallen (Schottky-Diode).

Allen Dioden ist gemeinsam, das Licht in die sogenannte Raumladungszone,
der Sperrschicht der Diode zwischen P- und N-Schicht eindringen kann, und in
ihnrer Umgebung Elektronen-Loch-Paare erzeugen kann. Die Eindringtiefe der
Lichtstrahlung hangt von der Wellenldnge und dem umgebenden Material ab
(wellenlangenabhangiger Absortionskoef zient). Das vorherrschende elektrische
Raumladungsfeld fiihrt zu einer Trennung der (negativen) Elektronen zur N-Seite,
und den (positiven) Ladungslochern zur P-Seite. Es kann ein elektrischer Strom
entstehen, der Uber einen Widerstand einen Spannungsabfall hervorruft [2].

Fir eine maximale Quantenausbeute, d.h. der Teil der einfallenden Photonen,
die ein Elektron-Loch-Paar in der Feldzone erzeugen, muld die gesamte einfal-
lende Strahlung in der Feldzone absorbiert werden! Daraus ergibt sich, daf
die Sperrschicht im Gegensatz zu normalen Gleichrichterdioden breit und ober-
achennah ausgelegt sein muf3. Die folgende Abbildung 19 zeigt einen schema-
tischen Aufbau einer PIN-Diode.

Je nach Frequenz der Lichtstrahlung ist der Ort der Entstehung von
Ladungstragern verschieden. Eine Ladungstragergenerieung aul3erhalb der
Raumladungszone, also im P- oder N-Bereich, trégt nicht nennenswert zum Foto-
strom bei, da diese Ladungstrager (Elektronen und Ldcher) relativ schnell wieder
rekombinieren, was bei Ladungstragern innerhalb dieser Zone nicht der Fall ist.
Der Fotostrom hangt bei gegebenen Strahlungsfeld Uber dem Absorptionskoef-
zienten des Tragermaterials von der Wellenlange ab. Das verwendete Halbleit-
ermaterial bestimmt den nutzbaren Wellenlangenbereich, zu kurzen Wellenlan-
gen durch die Absorption, zu langen Wellenlangen durch die Bandliickenenergie
des Halbleiters begrenzt [2], gezeigt in Tabelle 9.
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FIGURE 19: Schematisc her Aufbau des Halbleiter s einer PIN-Diode .

Halbleiter Wellenl ngen- Max. Quanten- Aktive Fl che
bereich Emp®ndlichkeit wirkungsgrad

Si-PN 400-1100 nm 0.5 AW 60..80 % 0.1..100 Mm2

Ge-PN 600-1700 nm 0.8 AW 50 % 0.1..10 mm?

InGaAs 600-1800 nm 0.7 AW ? ?

TABLE 9: Vergleic h verschiedener Halbleiter -Materialien fiir Fotodioden.

Maflinahmen zur Maximierung des Wirkungsgrades (Quantenausbeute) sind:

Geringe Ober dchenre e xion durch Beschichtung der Einstrahl ache mit
einer Antire e xschicht,

ober d&chennahe Lage des PN-Ubergangs,

eine breite Sperrschicht, die aber gleichzeitig die Ladungstragerlaufzeit er-
hoht, was zu einem schlechteren Hochfrequenzverhalten flhrt.

Neben den konventionellen PIN-Fotodioden nden sog. AP-Dioden
(APD=Avalanche photo diode) Einsatz. Sie entsprechen im Aufbau dem von PIN-
Dioden. Durch einen Lawineneffekt, der durch ein aul3eres hohes elektrische
Feld (Hochspannung) initiert wird, erzeugen die durch Fotoeffekt generierten
Elektronen-Loch-Paare neue Ladungstrager, die zum Fotodiodenstrom beitragen,
was einer internen Verstarkung des Stroms entspricht. Der Lawineneffekt setzt
hohe Feldstarken im Bereich von E = 1000 V/m voraus. Der Multiplikationsfaktor,
und somit die effektive Emp ndlichk eit der Fotodiode, ist abhéangig von der Starke
des elektrischen Feldes, d.h. von der angelegten Sperrspannung im Bereich von
50-300V.

61



Projects

62

Neben den obigen statischen Parametern einer Fotodiode spielen bei der Detek-
tion von Lichtimpulsen und modulierter Lichtstrahlung das dynamisc he Verhal-
ten einer Fotodiode eine wesentliche Rolle. Bei sehr niedrigen Strahlungsinten-
sitaten ist zudem das Eigenrauschen der Diode (und nachfolgender elektrischer
Verstarker) eine nicht mehr vernachlassigbare GroR3e.

Das Rausc hen einer Fotodiode setzt sich aus folgenden Anteilen zusammen:

1. Quantenrausc hen, das sich bereits im Signal be ndet, und durch die
gegebene Photonenstatistik dem eigentlichen Signal Uberlagert ist,

2. Thermisc hes Rauschen: wird durch das Fotodiodenmaterial selbst verur-
sacht, und ist temperaturabhéngig.

Die Ursache des thermisc hen Rauschens liegt in der statistischen Trager-
bewegung im thermodynamischen Gleichgewicht (auch ohne &ufiere Span-
nung). Thermisches Rauschen wird tUberwiegend durch den Bahnwiderstand
einer Diode verursacht. Neben diesem Effekt ist noch das Generations-
Rekombinationrausc hen zu nennen, welches bei einer &ueren Spannung
in Erscheinung tritt. Es resultiert aus den statistischen Eigenschaften
der Ladungstragergenerierung und Rekombination, welche zu Ladungstrager-
schwankungen und somit zum Rauschen des Fotodiodenstroms fuhrt. Das
Schrotrausc hen schlieBlich wird durch die statistische Bewegung von
Ladungstragern im Tragermaterial hervorgerufen.

Die beste Impulsantw ort ergibt sich bei einer Anstiegszeit des Fotostroms die
deutlich kleiner als die Anstiegszeit des einfallenden Lichtfeldes ist. Sowohl Si-
PIN- als auch AP-Fotodioden kénnen mit einer Frequenzbandbreite bis zu 1GHz
und Anstiegszeiten bis zu 300 ps hergestellt werden. Bei gleichen dynamischen
Eigenschaften besitzen AP-Dioden eine um den Faktor 50-200 héhere Emp nd-
lichkeit als vergleichbare PIN-Dioden, jedoch ist das Eigenrauschen von APDs
hoher. Mit MSM-Dioden lassen sich hingegen Bandbreiten bis zu 100 GHz und
Antiegszeiten bis zu 3 ps realisieren [1]. Jedoch besitzen diese MSM-Dioden eine
geringere Emp ndlichk eit aufgrund ihres Aufbaus.

Die Geschwindigkeit einer Fotodiode , insbesondere einer APD, auf schnelle
Impulse zu reagieren hangt von der Beweglichkeit der Elektronen und Lécher
ab. Neben dieser internen Eigenschaft beein u3t die Kapazitat einer Fotodiode
mal3geblich das Verhalten bei hohen Frequenzen. Die Kapazitat einer Fotodiode
wird durch ihre Flache und einer extern angelegten Sperrspannung beein ufit.
Die Kapazitat wachst mit der Flache und nimmt mit steigender Sperrspannung
ab. Zudem flhrt eine erhdhte Kapazitat zu einem verstarkten Eingangsrauschen
eines nachfolgenden Verstarkers.

Die obere Frequenzgrenz e, und somit die niedrigste erzielbare Anstiegsz eit, ist
nicht nur durch die Fotodiode selbst, sondern auch durch die externe Beschaltung
gegeben:

intern: Tragerlaufzeit durch die Raumladungszone, proportional zur Dicke
der Sperrschicht, die aber spannungsabhangig ist, (10..100ps)
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intern:  Tragerlaufzeit vom Generationsort aul3erhalb der Raum-
ladungszone (P/N-Schicht) zur Raumladungszone, meist gegeben durch
einen Diffusionsprozess, und hangt dann quadratisch von der Dicke der
Schicht ab (10..100ps),

extern: Die RC-Zeitkonstante, die durch die Fotodiodenkapazitat und dem
externen Widerstand gebildet wird, durch den der Fotodiodenstrom in eine
Spannung umgesetzt wird. Diese Zeitkonstante dominiert meist und kann
deutlich grof3er sein als die ersten beiden Punkte.

Nachfolgend werden eine Reihe im eigenen Labor entwickelten Lichtdetektoren
und Hilfsschaltungen wie Hochfrequenzverstarkern dargestellt.

Fotodetektoren, die eine interne Ladungstragerverstarkung ausnutzen, kénnen
zur Detektion schwacher Lichtsignale, wie sie z.B. bei der Messung von Streulicht
einer in groBem Abstand be ndlichen Ober &che auftreten, vorteilhaft genutzt
werden. Bei den APD-Detektoren muf3 in Abhangigkeit von der Sperrspannung
zwei betriebsarten unterschieden werden:

1. Der lineare Verstarkungsbereic h: hier ist der Ausgangstrom proportional
zur einfallenden Lichtintensitat (d.h. der Photonendichte),

2. und dem Geiger-Bereic h, der oberhalb der sog. Durchbruchspannung der
Diode liegt, und nicht mehr proportional zur einfallenden Photonenintensitat
ist. Stattdessen kann ein einzelnes Photon einen mel3baren Stromimpuls
ausldsen, mit einer Wahrscheinlichkiet, die dem Quantenwirkungsgrad der
Diode entspricht.

Im folgenden sollen nur Lichtdetektoren behandelt werden, die im linearen De-
tektionsbereich arbeiten. Der Geiger-Bereich bedarf i.A. keiner Nachverstarkung,
daflir aber einer externen Beschaltung, die das "Léschen" des durch den Law-
ineneffekt hervorgerufenen Stromimpulses erméglicht. Diese Betriebsart wird
zum Photonenzahlen eingesetzt, z.B. fur Koinzidenzmessungen. Der lineare Ver-
starkungsbereich ist, wie eingangs bereits erwéahnt, abhangig von der Sperrspan-
nung. Die nachfolgende Abbildung 20 zeigt exemplarisch die Verstarkung einer
Si-APD bei Raumtemperatur relativ zur Emp ndlichk eit von 0.5 A/W einer vergle-
ichbaren PIN-Diode.

Der Verstarkungsfaktor ist in Naherung ein exponentieller Zusammenhang mit
der Sperrspannung, und abhangig von der Temperatur. Eine Temperaturkom-
pensation der Sperrspannung mit der Diodenchiptemperatur ist daher fir einen
reproduzierbaren Betrieb der APD erforderlich.

Technisc he Daten
Tabelle 10 zeigt die technsichen Daten des APD-Modules PM61.
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Gain [rel. to 0.5 A/W]

Vg [V]

FIGURE 20: Verstarkung einer Si-AP Diode bei Raumtemperatir relativ zur
EMp®ndlic hkeit von 0.5 A/W einer vergleic hbaren PIN-Diode .

Spektraler 400..1000nm
Empfangsbereic h

Detektor ac he 0.2 mm?
Emp®ndlic hkeit @ 800nm  200kV/W
Frequenzbereic h (f 3qg)  0.1-500MHz

Anstiegsz eit <1ns
Ausgangsimpedanz 50 Ohm
Polaritat negativ
Versorgunsspann ung 12V @ 60 mA
Externe APD 100-230V

Hochspann ung

TABLE 10: Technisc he Daten des APD PM61-Moduls.

Technologie

Verwendung von aktiver Modultechnik und (einstellbare) Vorver-
starkung durch Elektronenvervielfachung in der aktiven Zone der Fo-
todiode.

Entkopplung und Verstarkung des Fotodiodensignals mit
rauscharmer und breitbandiger MMIC-Verstarker Technologie.

Ankopplung der Fotodiode uber Strom-Spannungs-Wandler mit
niedriger Impedanz fur hohe Bandbreite und niedrige Anstiegszeit bei
impulsférmigen Signalen.

Externe Einkopplung der Hochspannung fir Betrieb der APD-
Fotodiode.
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Bias
Supply

Microstrip Line

FIGURE 21: Schematisc her Aufbau des aktiven APD-Moduls. Die AP-Diode
wird in Sperrric htung mit einer Hochspann ung Vp betrieben.

Anpassung der Ausgangsimpedanz des Verstarkers durch
Mikrostreifenleitertechnik.

Ausgangspannung ist invertiert.

Schematisc her Aufbau
Abbildung 21 zeigt den schematischen Funktionsaufbau des APD-Moduls.
Das Signal der AP-Diode, die mit einer Hochspannung in Sperrrichtung
betrieben wird, gelangt auf einen MMIC-Hochfrequenzverstarker.

Prototyp
Abbildungen 22 und 23 zeigen den ersten Prototyp, und Abbildung 24 zeigt
eine miniaturisierte Version im Rundgehause mit nur 25 mm Durchmesser.

Messung en

Die gemessene Impulsantwort des APD-Detektors in Kombination mit dem
folgend dargestellten HF-Verstarker ist in Abbildung 25 gezeigt. Der im-
pulsférmige Verlauf des einfallenden Lichtes wurde mit einer gepulsten
Laserdiode (Wellenlange 905nm), die mittels einer Avalanche-Entladung
betrieben wurde, erzeugt. Die Anstiegszeit der Laserdiode wird mit 1ns
angegeben (Herstellerangaben). Statt einer direkten Beleuchtung der
APD (bei 2W Laserpulsleistung auch nicht moglich) wurde stattdessen
das Streulicht einer diffusen Ober &che aufgenommen. Die Anstiegszeit
des detektierten Impulses (gemessen am Ausgang des nachgeschalteten
HF-Verstarkers) liegt bei ca. 1.7 ns. Die langsame abfallende Flanke ist
Folge der Laserdiodensteuerung, und nicht des Impulsverhaltens des APD-
Detektors. Das verwendete Digitaloszilloskop hat eine interne Anstiegszeit
von 300ps.
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FIGURE 22: Prototyp APD-Detektor PM-61

FIGURE 23: Prototyp APD-Detektor PM-61 (Innenansic ht)
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FIGURE 24: Finale Version APDRO1 des APD-Detektor s in Rundg ehduse (0

25mm).

[snun -qre] A

time [ns]

FIGURE 25: Gemessene Impulsantw ort des APD-Detektor s
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Technisc he Daten
Tabelle 11 zeigt die technsichen Daten des PIN-Modules PDRO02.

Spektraler 400..1100nm
Empfangsbereic h

Detektor 4c he 41 mn?P
Emp®ndlic hkeit @ 800nm 25 V/W
Frequenzbereic h (f 3qgg) DC-20MHz
Anstiegsz eit < 15ns
Ausgangsimpedanz 50 Ohm
Polaritat positiv
Versor gunsspann ung 12V @ 60 mA

TABLE 11: Technisc he Daten des PIN PDR0O2-Moduls.

Technologie

Verwendung von passiver Modultechnik mit einer grol3 achigen PIN-
Diode

Anpassung der Ausgangsimpedanz der Diode durch Mikrostreifenleit-
ertechnik.

Ausgangspannung ist nicht invertiert.

Prototyp
Abbildung 26 zeigt die miniaturisierte Version im Rundgeh&duse mit nur 25
mm Durchmesser.

Technisc he Daten
Tabelle 12 zeigt die technsichen Daten des PIN-Modules PDRO1.

Spektraler 400..1000nm
Empfangsbereic h

Detektor ac he 0.5 mm?2
Emp®ndlic hkeit @ 800nm 375 V/W
Frequenzbereic h (f 3qg)  0.1-200MHz
Anstiegsz eit <2ns
Ausgangsimpedanz 50 Ohm
Polaritat negativ
Versor gunsspann ung 12V @ 60 mA

TABLE 12: Technisc he Daten des PIN APDRO1-Moduls.
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FIGURE 26: PIN-Detektor PDR0O2 im Rundg ehause

Technologie

Verwendung von aktiver Modultechnik.

Aufbau in koaxialer Gehausetechnik.
Vorteile:

u kompakte Bauform
U minimierte Schwingungsneigung der Vorverstarker

Entkopplung und Verstdrkung des Fotodiodensignals mit
rauscharmer und breitbandiger MMIC-Verstérker Technologie.

Ankopplung der Fotodiode Uber Strom-Spannungs-Wandler mit
niedriger Impedanz fir hohe Bandbreite und niedrige Anstiegszeit von
Impulsen.

Anpassung der Ausgangsimpedanz des Verstarkers durch
Mikrostreifenleitertechnik.

Prototyp

Abbildung 27 zeigt die miniaturisierte Version im Rundgehause mit nur 25
mm Durchmesser.

Il Diode Lasers

Eine Vielzahl von optischen Mel3geraten verwenden Laserdioden als koharente
und/oder leistungsstarke Lichtquellen. Mittlerweile gibt es laserdioden mit einer
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FIGURE 27: Aktiver PIN-Detektor PDRO1 im Rundg ehduse

FIGURE 28: Aktiver PIN-Detektor PDRO1 im Rundg ehduse (Innenansic ht)
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Vielzahl von Wellenlangen vom blauen bis in den nahen Infrarot-Bereich und
Leistungsbereichen von 1mW bis 1kW. Laserdioden kénnen entweder mit einer
kontinuierlichen (CW) oder einer gepulsten Emission betrieben werden. Eine
Mischform besteht in der Modulation (bis in den Hochfrequenzbereich) einer mit
einem Vorstrom betriebenen Laserdiode.

Gepulste Laserdioden werden z.B. haug in der Laserabstandsmeftechnik
(Laserrange-Scanner) eingesetzt. Diese Dioden kdnnen, ausschlief3lich im Puls-
betrieb mit Pulsbreiten kleiner als 100ns, Pulsleistungen von einigen Watt bei
Verwendung eines einzigen Laserdiodenchips, und bei einem Stack mehrerer
solchen Diodenchips Leistungen bis zu 100W abgeben. Die auftretenden
Spitzenstréme liegen dabei im Bereich von 1A - 100A.

Die einfachste Art, gepulste Laserstrahlung zu erzeugen, besteht in der Mod-
ulation einer CW-Laserdiode. Dazu wird die Laserdiode mit einem konstanten
Strom in den Laserbetrieb gebracht. Dieser Strom kann dann entweder direkt
mit einer Konstantstromquelle moduliert oder extern zugefihrt Uber eine sog. T
Bias-Schaltung Uberlagert werden. Ein Beispiel ist hier zu nden. Die Leistung
von CW-Laserdioden ist aber limitiert, und Pulsleistungen im unteren mW-Bereich
sind von geringer Bedeutung. Um Linearitatsfehler gering zu halten, sollte ein
Modulationsgrad kleiner als 50% fur sinusférmige Schwingungen gewalt werden.
Weitaus ef zienter ist die Ansteuerung eine Laserdiode mit einem zeitlich puls-
férmigen Stromverlauf, der die Laseremission steuert. Es gibt spezielle Laserdio-
den, die mittlere Leistungen im mW-Bereich, aber Pulsleistungen im Watt-Bereich
verarbeiten kdnnen.

Die pulsférmige Stromverteilung kann mit zwei Methoden realisiert werden:

1. Gesteuerte Stromquellen mit schnellen MosFET-Transistoren, und

2. mit einer impulsférmigen Entladung eines Kondensators.

Die erstere Mdglichkeit hat den Vorteil, dal3 der maximale Strom und die Pulsbre-
ite in Grenzen einstellbar sind. Der Nachteil besteht in den verhaltnismaRig hohen
Gate-Source-Kapazitdaten mit einer damit verbundenen hohen Schaltzeit dieser
Transistoren im Bereich einiger 10ns. Die Anstiegszeit des Stromimpulses sollte
in der GrolRenordnung einiger Nanosekunden liegen, was mit FET-Transistoren
im Hochstrombetrieb (bis ca. 30A) nur schwer zu realisieren ist. Mit MosSFET-
Transistoren lassen sich i.A. nur Anstiegszeiten von 10-20ns erzielen.

Eine gangige und deutlich wirkungsvollere Methode ist die Entladung eines
Kondensators mittels des Avalancheeffekts von bipolaren Transistoren. Der
Avalanche-Effekt ist ein de nier tes Durchbruchverhalten der Kollecktor-Emitter-
Strecke des verwendeten Halbleiters mit einer sehr geringen Anstiegszeit und
einer hohen Stromanstiegsrate bei sehr hohen Spitzenstromen bis 100A. Da der
Avalanche-Effekt aber nur bei hohen Spannungen nutzbar ist (je nach Transis-
tortyp im Bereich von 100-400V), wird der zu entladene Kondensator mit einer
Hochspannung aufgeladen. Selektierte Avalanche-Transistoren besitzen eine
hohe Reproduzierbarkeit dieses Spannungsdurchbruchs. Konventionelle Tran-
sistoren eignen sich prinzipiell auch, aber auf Kosten der (unde nier ten) Lebens-
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R
Aval Transistor
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Trlgger Input

Laser Diode

FIGURE 29: Schematisc her Aufbau einer Laserdioden-Puls-Steuerung mit
einem Avalanc he-Transistor .

dauer. Die folgende Abbildung 29 zeigt den prinzipiellen Aufbau einer solchen
Avalanche-Lasersteuerung.

Neben der elektronischen Schaltung ist der richtige mechanische Aufbau der
Lasersteuerung und die Auswahl der elektronischen Baulelemente von Be-
deutung. Jede Zuleitung und Leiterbahn bildet eine Induktivitat, die bei den
schnellen Stromanstiegszeiten und hohen Stromamplituden starken Ein uf3 auf
den zeitlichen Verlauf des Strom- und somit Laserimpulses nimmt. Der Auf-
bau der Lasersteuerung in SMD-Technik und ein sorgfaltig geplantes Platinelay-
out ist zwingend erforderlich fur reproduzierbare Ergebnisse. Bei Strémen von
einigen 10A nehmen zudem geringstee Leitungswidersténde in der GréRenord-
nung einiger 10 milliohm, insbesondere bei der Masse ache , Ein u auf das Im-
pulsverhalten.

Eine strikte HF-Abschirmung dieser Laser-Pulsstuerung ist zwingend erforder-
lich, um in der ndhe be ndliche Detektorsysteme nicht zu stéren. Das von
der Laserdiode abgestrahlte elektromagnetische Frequenzspektrum reicht bis in
GHz-Bereich und besitzt hohe Feldstérken, die selbst benachbarte Digitalschal-
tungen beein ussen koénnen!

Verwendung von avalanche gesteuerten Entladungen eines RLC-Systems zur
Pulsansteuerung von Laserdioden mit hohen Impulsstrémen.

Spitzenstrom bis 100A

Pulsleistung: 10W-100W

Pulsdauer: 10ns - 50ns

Anstiegszeit < 2ns
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Wellenlang e 900nm
Pulsleistung (nach Optik) ca. 2W
Kollimatorlinse f=4,6mm
Pulsdauer ca. 25ns
Anstiegsz eit ca. 1ns
Abfallsz eit 24ns
Eingangsimpedanz 50 Ohm
Versor gunsspann ung 12V @ 10mA
Hochspann ung 100-200V
Repetitionsrate 0 .. 100kHz
Abmessung en (B XL X 40 X 60 X 20 mm
Technisc he Daten H)

TABLE 13: Technisc he Daten des OPTOAV1-Moduls.

Technologie

Verwendung eines Avalanche Transistors zur steil ankigen und kon-
trollierten Entladung eines zuvor mit einer Hochspannung aufgelade-
nen Kondensators.

Im Entladekreis (RLC) wird in Reihe eine spezielle Pulslaserdiode
eingeschleift.

Die Pulsbreite und die Anstiegszeit ist im wesentlichen nur von der
Zeitkonstante des Entladekreises abhangig.

Ein Pulsformungsnetzwerk sorgt flr de nier tes zeitliches Impulsver-
halten.

Oberhalb der Laserschwelle ist die momentane Ausgangsleistung na-
hezu proportional zum Strom uf3 durch die Diode. Die erzielbare Pul-
sleistung hangt mit der Kapazitat des Entladekondensators und dem
Pulsformungsnetzwerk zusammen.

Der Laserimpuls ist nahezu unabhangig vom Triggerimpuls.

Messung en

Gemessene Impulsantwort des Avalanche-Lasers gemessen mit einem
APD-Detektor in Kombination mit einem nachgeschalteten HF-Verstéarker.
Statt einer direkten Beleuchtung der APD (bei 2W Laserpulsleistung auch
nicht moglich) wurde stattdessen das Streulicht einer diffusen Ober ache
aufgenommen. Die Anstiegszeit des detektierten Impulses (gemessen am
Ausgang des nachgeschalteten HF-Verstarkers) liegt bei ca. 1.7 ns. Die
langsame abfallende Flanke ist Folge der Laserdiodensteuerung, und nicht
des Impulsverhaltens des APD-Detektors. Das verwendete Digitaloszil-
loskop hat eine interne Anstiegszeit von 300ps.
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FIGURE 30: Schematisc her Aufbau der Laserdioden-Puls-Steuerung mit
einem Avalanc he-Transistor .

Prototyp

FIGURE 31:

Prototyp des OPTOAV1-Moduls.
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FIGURE 32: Messung der Impuls-Antw ort des OPTOAV1-Moduls.

Hl Solid State Lasers

Double-Pulse Ruby-Laser: a special solid state laser using a ruby rod based
design. Two laser heads operate to produce a double laser pulse output with
speci ed pulse delay times (a prototype is shown in gure 33).

This laser was used to measure velocity gradients user laser strophometry meth-
ods in uids of very high viscosity.

Some technical data topics:

Emitting Wavelength: 694 nm

Emitting Wavelength: 694 nm

Pulse energy, each Laserunit: 10-30 mJ
Pulse duration: 200 us

Double pulse time distance: minimal 0.5 ms
Peak Power: 100 W

Beam diameter behind mode lter : 1 mm

Polarisation of the laser light: linear

Schematic overview for one laser unit
The double-pulse laser consists of two identical laser units, each consisting
of a pump chamber containing the laser rod (ruby crystal), a light source
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Experimental Setup and Laser Design

FIGURE 33: Example of a prototype of a doub le-pulse solid-state ruby laser
with high output energy in the mJ range [LASCAQ2].

(ash lamp), two mirrors, power and control electronics, and a beam de-
limter for enhancement of mode selection, and nally a ass window epx-
osed under the brewster angle to provide polarized light.

Il Opto-mec hanical Workbenc h

Development and manufacturing of opto-mechanical construction modul kit sys-
tems with the following features:

customizable,
easy to use,
low production costs,

compatible to micromodul system from company Linos (former Spindler &
Hoyer), 40x40 mm base area and 6 mm rod connection system,

and miniaturized module system with 20x20 mm base area and 3mm rod
connection system (can be integraded directly into devices).

The following examples results from own prototype manufacturing.

Bl Basicelements
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FIGURE 34: Schematic of one laser unit [LASCAQ2].
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FIGURE 35: Basic Elements.

adjustable translation stages (one- and two degree of freedoms)
adjustable rotation elements

adjustable roll and pitch elements

e xible to use groove base material

height adjustable mounting stages

XY Linear Translation Unit

maximal x/y shift: 10 mm

Miniaturiz ed components: LWL-Module with Fibercoupler |
20x20 mm base system module
Middle of gure 37: Ball-lens module
Right: LWL-SMA-Connection

Top: Moduleelements connected with 3mm steel rods
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FIGURE 36: XY translation unit with maximal 10 mm shift.

FIGURE 37: LWL-module with ®ber-coupler .
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FIGURE 38: Exeperimental setup using diff erent workbenc h elements.
Can be directly integrated in small devices (for example TOF-Units)

Bl Time-Of-Flight distance measurement: some early experiments

Down, middle in gure 38:

CW-Laserdiodemodule in pulseoperation with builtin collimator lens,
P=10mW

Top, left :

Fotodetector and collimation optics; rise time TR=5ns, current feedback
operational ampli er OPTOLIN

Center:

Beamsplitter

Right:

Second fotodetector
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FIGURE 39: LWL-module with ®ber-coupler .

Hl Fiber Optics
Bl Miniaturiz ed components: LWL-Module with Fibercoupler |
20x20 mm base system module
Middle of gure 39: Ball-lens module
Right: LWL-SMA-Connection
Top: Moduleelements connected with 3mm steel rods

Can be directly integrated in small devices (for example TOF-Units)

Laser Optical Time-Of-Flight Measuring Techniques

Bl Grundiagen
Es gibt im wesentlichen drei gangige Methoden, den Abstand eines Objekts zu
bestimmen [2,3]:

1. Triangulation : ein Lichtstrahl (i.A. von einer Laser- oder LED-Quelle)
wird von dem Objekt derart re ektiert, daf3 unter Zugrundelegung ge-
ometrischer Gesetztmagigkeiten die Variation des Abstandes des Objekts
zu einer Lagednderung des re ektier ten Lichstrahls (dessen geometrische
Ausdehnung daher begrenzt sein muf3) auf einem positionsemp ndlichen
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Detektor flihrt. Aus der Lageanderung des re ektier ten Strahls kann dann
die Entfernung bestimmt werden, gegeben durch einen in erster Naherung
linearen Zusammenhang.

2. Laufz eitmessung von Schallwellen : ein Ultraschallsender emittiert kurze
Schallimpulse oder ein amplitudenmoduliertes Schallsignal. Der von dem
Objekt re ektier te Schall wird von einem Empfanger aufgenommen. Auf-
grund der Laufzeit des Schalls (ca. 3ms/m bei einer Ausbreitungs-
geschwindigkeit von 300m/s) kann durch eine Zeitmessung der Objektab-
stand Uber einen linearen Zusammenhang bestimmt werden.

3. Laufzeitmessung von Lichtwellen: gleiches Verfahren wie in (2), aber mit
Lichtwellen und einer Ausbreitungsgeschwindigkeit von 300*106 m/s! Die
Laufzeit ist sehr klein und liegt entsprechend bei 30 ns/m. Als Sender kom-
men nur Laserdioden, und als Empfanger nur schnelle Fotodiodensysteme
zum Einsatz.

Neben Lichtwellen kénnen allgemein elektromagnetische Wellen, insbesondere
im Mikrowellenbereich, Verwendung nden.

Bei dem am verbreitetsten Triangulationsverfahren bewirkt eine Abstandsan-
derung dm, des zu untersuchenden Obijekts eine Lageanderung des re ektier ten
Lichtstrahls auf einem (eindimensionalen) lageemp ndlichen Detektor, mit einer
Linse zur Lichtbiindelung. Die Anderung des Schwerpunktes des Lichtstrahls Xm
ist gegeben durch:

Xm = b=g sin(a) dn 1)

Der Winkel a ist der Winkel zwischen dem ausgesendeten und re ektier ten Licht-
strahlbindel, b ist die Bild- und g die Gegenstandsweite bezlglich der dem De-
tektor vorgelagerten Linse mit der Brennweite f.

Das verfahren der Triangualtion ist auf den diffusen Anteil der Re e xion
angewiesen, da der direkt re ektier te Anteil des eingestrahlten Lichtstrahls dem
Re e xionsgesetzt (Einfalls- = Ausfallswinkel) unterliegt. Re ektierende Ober-
achen wirken bei diesem MeRverfahren stérend, und verfdlschen die Ab-
standsinformation maf3geblich.

Die Kennlinie eines Triangulationssensors ist approximiert eine Hyperbel, was
bedeutet, dal? die Au 6sung (=Genauigkeit) des Detektors mit zunehmenden Ab-
stand abnimmt. der Mel3bereich des Sensors hangt von zwei Faktoren ab [2]:

1. Die Tiefenscharfe des optischen Systems und

2. die ortliche Ausdehnung des Detektors.

Da als Lichtquelle i.A. ein Laser eingesetzt wird, ergibt sich aufgrund der ko-
harenten Eigenschaften des Laserlichts eine stark gemustertes Streulichtmuster,



Projects

als sog. Specklesmuster bezeichnet. Bei einer Verschiebung der streuenden
Ober ache andert sich die Gestalt des Specklemusters, und eine Krimmung der
Ober &che fuhrt bei einer lateralen bewegung zu einer Wanderung des Speck-
lemusters. Resultat kann eine Verschiebung des Schwerpunkts des Streulicht-
musters auf dem Detektor sein, ohne dal sich die Entfernung des Objekts an-
dert.

Weiterhin fuhrt ein re e xion des Lichtstrahls an Kanten oder Abschattungen zu
einer Verfalschung des Mel3signals.

Zusammenfassend kann gesagt werden, dal3 das Triangulationsverfahren derzeit
noch das am weitesten verbreitete und i.A. preisginstigste Verfahren ist, aber
aufgrund seiner Nachteile nicht fir gréRere Distanzen geeignet ist (sinnvoller Ein-
satzbereich < 1 Meter).

Die oben genannten Nachteile existieren nicht fiir die Verfahren, die auf der Mes-
sung der Laufz eit von Wellen (Schall oder elektromagnetischer Natur) beruhen.

Beim Pulslaufzeitverfahren wird ein Laserpuls vom Detektor ausgesendet und
die Re e xion an einem Objekt von einem Breitbandemfanger aufgenommen. Die
Zeitdifferenz t zwischen dem Sende- und Empfangspuls wird ausgewertet und
fuhrt direkt zum Abstand des Objekts:

dm=(co D=2 n) ()

mit c0=2.9979*10% m/s als Lichtgeschwindigkeit im Vakkum und n=Cgp/c ist der
Brechungsindex des Ausbreitungsmediums. Der Faktor zwei ergibst sich auf-
grund der hin- und ricklaufenden Lichtstrahlen. Eine Wegdifferenz von 15cm
fuhrt zu einer Zeitdifferenz von 1ns, was hohe Anforderungen an das zeitliche
Au 6sungsv ermdgen der Elektronik sowohl auf der Sender- als auch auf der
Empfangerseite stellt. Die Genauigkeit dieses Verfahren wird maRgeblich durch
dieses Au 6sungsv ermdgen bestimmt.

Mittelwertbildung fiihrt bei diesem Verfahren zur einer Erhéhung der Mel3ge-
nauigkeit, erhéht aber auch die Mel3zeit.

Die folgenden Abbildungen 40 und 41 zeigen einen schematischen und ersten ex-
perimentellen Aufbau zur Untersuchung grundséatzlicher Fragestellungen rund um
das verwendete MelRverfahren. Ein besonderer Schwerpunkt liegt in der analo-
gen und digitalen Signalkonditionierung auf der Sender- und Empfangerseite.

Ein Laserpuls mit einer hohen Pulsleistung im Watt-bereich wird mit einer Laser-
diode erzeugt und gesendet. Ein geringer Anteil der Intensitat dieses Laserstrahls
wird im Mel3gerat ausgekoppelt und einem PIN-Fotodetektor fir die Bestimmung
des Startsignals der Zeitmessung zugefihrt. Der Laserstrahl passiert einen
Strahlteiler und gelangt auf die Ober ache eines Objekts. Das dabei gestreute
oder re ektier te Licht gelangt zu einem Bruchtelil Gber den Strahlteiler auf einen
emp ndlichen APD-Fotodetektor. Dieser liefert das Stop-Signal fir die Zeitmes-
sung. Aus der Laufzeitdifferenz t kann dann direkt der Abstand L des Objekts
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FIGURE 40: Schematisc her MeRBaufbau fur die Abstandsmessung mittels op-
tisc her TOF-Methode .

berechnet werden.

Auf der linken Seite des Bildes ist der Sender gezeigt. Es ist ein bereits im Ab-
schnitt [Avalanc he Steuerungstec hnik] gezeigter avalanche gesteuerter Dio-
denlaser, der Laserimpulse mit ca. 2W Impulsleistung bei einer Anstiegszeit von
ca. 1ns liefert. Mit Hilfe von Optiken wird das elliptische Strahlpro| der Laser-
diode korrigiert.

Mittels eines Strahlteilers wird ein geringer Teil (kleiner 5%) des Laserstrahls auf
einen PIN-Detektor ausgekoppelt. Dieser ist in der linken unteren Hélfte des
Bildes gezeigt. Dieser Detektor liefert das Startsignal fur die Laufzeitmessung.
Ein weitere folgender spezieller Strahlteiler mit vorgeschalteten Strahlformungse-
lementen und einem Transmissionsvermdgen von 100% koppelt das Lichtsignal
aus dem Aufbau in die zu untersuchende Umgebung aus. Von Objekten re ek-
tiertes Licht wird Uber diesen speziellen Strahlteiler mit ca. 80% Transmissionver-
maogen auf den AP-Detektor und einer vorgelagerten Kollimierungsoptik, gezeigt
in der rechten Bildhélfte, tGbertragen. Dieser Detektor lief

Nachfolgende Abbildung 42 zeigt exemplarische Melergebnisse einer Ab-
standsmessung mit obigen Versuchsaufbau. Das Objekt befand sich in einem
Abstand L=170cm inklusive der Strecken innerhalb des Detektors. Der mit einem
Digitaloszilloskop gemessene zeitliche Abstand beider Signale betrug t=11ns,
was einer gemessenen Lange von L'=165cm und einer Genauigkeit von 3%
entspricht.

(1]
Ari Kilpela
Pulsed Time-Of-Flight Laser Range Finder Techniques for fast, high preci-
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FIGURE 41: Experimenteller Aufbau der optisc hen TOF-MeRRmethode .
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FIGURE 42: Experimentelle MeRergebenisse der TOF
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sion measurement applications
Dissertation, 2004, Oulun Yliopisto

[2]
A.W. Koch, M.W. Ruprecht, O. Toedter, G. Hausler
Optische MefRtechnik an technischen Ober dchen
Expert-Verlag, 1998

[3]

R. Joeckel, M. Stober
Elektronische Entfernungs- und Richtungsmessung
Wittwer-Verlag, 4.Au ., 1999

Laser Diode Controller

86

Laserdiodes have an eletrical behaviour similar to generic semiconductor diodes.
They have an exponential relationship between a supply voltage (applied in for-
ward direction, typically 2-4 V) and the resulting current o w (in the range 40-5000
mA). There is a weak dependency between the generated photon eld and the
current o w. Damaged laser mirrors can result in a different current characteristic
compared with a well operating laser diode.

To get constant output power, a laserdiode must be operated with a constant
current, though there is a temperature dependency between the diode current
and the output light power.

The control of a laserdiode with a constant current is not simple to realize due
to the exponential current characteristic. In contrast to normal semiconductor
diodes the distance between the operating and the maximal limit current is small,
typically about 2-3 times.If the current exceeds the limit current, the laser mirrors
can be damaged due to the high light intensity, and rather the diode itself.

Due to the critical current limit condition, the current control must not create cur-
rent spikes (overshots) during operation. This condition leads to high demands
in the construction of control electronics. Conventional analog control electronics
needs a carefully dimensioned circuit concept tuned for a special laserdiode. For
each new laserdiode (mainly characterized by their operating current), the circuit
must be recalculated. Due to the exponential current characteristic, oscillation of
the control circuit can occur.

The realization of current control with digital systems leads to a more e xible so-
lution. Any kind of controller type can be implemented, not possible with analog
systems. Additionally, different security check mechanisms can be easily imple-
mented, like overcurrent and overvoltage protection. An overvoltage can for ex-
ample occur due to a broken cable, which leads to an increasing voltage without
current feedback.

The usage of microcontrollers or specialized digital signal processors (DSP) for
current control is possible, but due to the sequential execution of control code
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there is a limit in the maximal control frequency and response latency. A reaction
time in the range of 100ns - 1us is desirable. The controll frequency at which the
preset and actual current values are compared on the input side and an output
signal is generated is therefore in the range of 1-10MHz.

The controller requires on hte input side the actual laserdiode current and the
preset value. On the output side the laserdiode supply voltage is generated de-
pending on the control error. To achieve constant light output power it is nec-
essary to acquire the laserdiode temperature. The interface between the analog
and the digital world is realized with digital-to-analog- (DAC) and analog-to-digital-
converters (ADC).

The implementation of a controller with limit checking using programmable digital
logic (here a FPGA - Field Programmable Gate Array) is simple to realize and
FPGAs are best suited for this job. Controller frequencies up to 100 MHz can be
achieved, and the controlling, limit checking and parameter control with external
communication can be executed in parallel.

The ramp controller type is the only one which is free from over- and undershots
phenomena. This controller generates an output signal which is a sum of a dif-
ferential value DO depending on the actual error value ERR=lggt - Imeasand the
previous output signal O(n-1). The algorithm is summarized:

DO(ERR)= if ERR> 0 then (+D) else if ERR< 0 then (-D) else 0
O(n)=0(n-1)+DO
Therefore, the output signal can only change by a unit D during each control loop
iteration. At least if the controller frequency f is smaller than the frequency band-
width of the analog measuring and control electronics, over- and undershot phe-
nomenas are negligible, and caused only by this electronic and the DA-converter.

The central digital component consists of a FPGA (Xilinx, Spartan Il). It con-
tains the current regulator, limit checking and support for external communication.
Communication with the controller circuit takes place over a generic RS232 serial
line interface. Using the serial line, registers inside the controller can be read and
wrote using commands. For example the command "WO014F" sets the register
0 with the hexadecimal value 0x14F. In this case, this is the register holding the
preset current value. Analog signals are acquired using two AD-converters with
12 bit resolution. Analog signals are generated using two DA-convertes with 12
bit resolution, too. The ouput signal voltage generated by the current controller
is fed into a MOSFET powertransistor in drain arrangement. The actual current
o w through the laserdiode is measured by a voltage drop over a low impedance
resistor. The architecture is shown in gure 43.

The ramp current controller, the control of the data acquisition from and to the
AD- and DA-convertes and the communication is realized with Moore state ma-
chines executed parallel inside the FPGA. The limit check operates idependently
from the controller and can in uence directly the output drive voltage. The actual
laserdiode current and the actual voltage is measured and monitored. For ex-
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FIGURE 43: System architecture of the laser contr oller LDCON.

ample an electrical short-circuit can cause a fast current jump, or a broken cable
(open circuit) can cause an increasing drive voltage without an increasing current.
Both cases lead to an emergency stop of the controller.

The voltages of the AD- and DA-convertes ranges from -2.5 to 2.5 V, which results
in 1.2 mV resolution with 12 bit digital units.

Low-Noise High-Frgeuency Ampli®er s

Impuls MMIC-Ampli ers [more informations 3.9.1.]

Hl MMIC-Ampli®er s

Technical Data

Table 14 shows technical data of the low-noise ampli er AV11.

Frequenc y Response
(f 3d8)

Risetime

Impedance

Polarity

Power Supply

0.1-1000 MHz

< 300 ps

50 Ohm
inverting

12V @ 60 mA

TABLE 14: Technical Data of Ampli®er -Module AV11.

Technology
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Supply
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Microstrip Line

Amplifier
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FIGURE 44: Functional blocks and architecture design of low-noise high-
bandwidth ampli®er module AV11.

Stripline-Technology for wide-bandwidth matched in- and ouput
impedance

MMIC Ampli er-technology for low-noise and low raise time (high
bandwidth)

Inverting Ampli er reduces risk of oscillation activity
Schematisc her Aufbau

Figure 44 shows the architecture design and functional blocks of the ampli-
er module AV11.

Prototype

Figures 45 and 46 show the prototype of the high-bandwidth amplier
AV11.

Experimental Data
The measured frequency response of the ampli er module AV11 is shown
in gure 47.

Scienti®c Software

Overview:

PSILAB - Scienti ¢ Interactive Data Processing and Visualization software

Bl PsiLAB

PsiLAB has been developed for scienti ¢ research and data analysis. It is freely
distributed in source code format under Gnu Public License, version 2. PsiLAB is
written mainly in the functional language O'CaML developed at INRIA research
laboratories. It's mainly made of three parts:
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FIGURE 45: Prototype high-band width ampli®er AV11 in MMIC-technology .

FIGURE 46: Prototype high-band width ampli®er AV11l in MMIC-technology
(inside view).



Projects

N
o
T
I
I
I
i
I
I
L
I
I
I
-+
I
I
I
-r
I
I
I
i
I
I
L
I
I
I
e - — = —

) \4»\,_‘_._.__,\‘_,___._.
S, A S
T
3 A
O] A
100 500 1000
f [MHZz]

FIGURE 47: Measured freqeunc y response of the AV11 ampli®er .

1. An interpreter, of course O'CaML itself
2. libraries written in O'CaML,

3. external libraries written in Fortran and C.

Main features of PsiLAB are;:

All O'CaML functions and data types are supported,

support for different data types: oat, int, complex

extensive matrix package

2D and 3D plot package with graphical or postscript output

various generic and special mathematical functions

linear algebra package (solving of linear equation systems and linear least

square problems)

Linear Regression

non linear least square t routines
Fast Fourier Transformations

some image processing functions

online help system, easily extensible by user functions

PsiLAB uses the following external libraries, mainly written in Fortran:
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LAPACK: Linear algebra and linear least square problems
MINPACK: Non linear least square ts

PLPLOT: 2D and 3D plot library with several output drivers (X11, PS,
Xg,...)

FFTW: Fastest Fourier Transform in the West (and the East ?)
AMOS: Several special functions: Bessel Polynomials and more ...

SLATEC (partially implemented): More special functions (Gamma func-
tion,...)

Camlimages (partially implemented): Support for various image formats

PsiLAB is not only written in O'CaML, it is ML. That means: if a programmer is
familar with this programming language, he can write PsiLAB programs. And he
can do all things with PsiLAB he can do with the generic O'CaML development
system:

using modules for access to data base servers

creating new develop environments

writing lexers and parsers (perhaps with mathematical background)
more sophisticated image processing

http servers (for example with direct access to computation results)

and many more elds of application.

The CaML interpreter system, which is a pure compiler concept, was chosen
because of the high computation speed of this system and the high portability.
You have the advantages of an interpreter-like language (from the user point of
view), but with performance comparable with C/C++ programs. All functions will
be translated by the CaML compiler into a system and machine independent byte-
code. This byte-code will be executed by a virtual machine. Currently, there is a
terminal driven environement with online help. Plots are printed to an additional
X11 window or to a postscript le .

The PsiLAB environment can be downloaded from here: SOURCE-
FORGE/PROJECTS/PSILAB.

Overview
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CNC milling machine Mircotechl

[more informations 3.11.1.]

CNC milling machine Microtech2

(under development)

Hl Microtechl

Mittels einer dreiachsigen CNC-Maschine werden kleine Prototypenserien fur die
elektronische Schaltungsentwicklung gefertigt.
Es gibt zwei gangige Verfahren, um zweilagige Elektronikplatinen herzustellen:

1. Atzverfahren : bei diesem Verfahren wird auf die Kupferschicht einer un-
bearbeiteten Platine mit ein lichtemp ndlicher Lack aufgetragen. Von dem
Platinenlayout wird ein Foto Impositiv hergestellt und mit diesem der Foto-
lack mittels UV-Lichtbestrahlung belichtet. Beide Seiten miissen getrennt
belichtet werden. Anschliel3end wird der belichtete Foto Im mit einem En-
twickler an den Stellen entfernt, wo spéater das Kupfer in einem Atzverfahren
entfernt werden soll. Die unbelichteten Stellen bilden die spateren Leit-
erbahnen des Platinenlayouts. Nach der Entwicklung wird die Platine mit
einem kupferabtragenden Atzmittel bearbeitet, wodurch die freien Bereiche
der Platine weggeatzt werden.

Dieses Verfahren erfordert eine Vielzahl teils giftiger Chemikalien. Das
Belichtungsverfahren ist stark parameterabhéngig: die Belichtungszeit
hangt von der Dicke und das Alter des Foto Ims sowie von der Beleuch-
tungsstarke der Lichtquelle ab. Das Foto mpositiv. muf3 ein sehr ho-
hes Kontrastverhaltnis besitzen. Das Atzverfahren ist ebenfalls stark
parametrisiert: die Atzzeit hangt von der Atzchemikalie, der freizuatzenden
Kupfer &che und dem Sattigungsgrad der Chemikale ab.

Die Investitionskosten fiir eine Anlage, mit der zweilagige Platinen mit einer
minimalen Leiterbahnbreite von 10mil (250 Mikrometer) hergestellt werden
koénnen, liegen im Bereich 5-10 T. Euro. Weiterhin missen Bohrungen und
insbesondere Durchkontaktierungen nachtraglich hergestellt werden.

Verbesserte Ergebnisse gibt es bei modernen Atz-Galvano-Verfahren, ahn-
lich dem obigen reinen Atzverfahren. Diese sind fur Kleinserien und
Laborbedarf nicht 6konomisch umsetzbar.

2. Isolationsfrasverfahren : Bei diesem Verfahren wird die Umrandung der
Leiterbahnen durch einen spanabhebenden Vorgang freigelegt. Dises Ver-
fahren bedarf keiner Chemikalien. Jedoch setzt es eine dreiachsige CNC-
MAschine mit hoher Genauigkeit voraus, da die Leiterbahndicke im Bereich
von 30-50 Mikrometern liegt. Daflir kénnen mit der gleichen Maschine auch
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FIGURE 48: MicroTech 1 CNC-Frasmasc hine mit Aufsatz und Halterung fir
Platinenmaterial.

mit héchster Prazision Bohrlocher (z.B. fur Durchkontaktierungen) gefer-
tigt werden. Die Investitionskosten liegen bei einer hochwertigen, aber
selbst gefertigten Maschine inklusive dem Hauptspindelantrieb (Drehzahl
bis max. 30000 U/min, Rundlauf besser 20 Mikrometer, Spannzange-
nausstattung) im Bereich von 4 T. Euro.

Da zweilagige Platinen gefertigt werden sollen, bedarf es einer prazisen
Platineneinspannung. Zudem muf die Hohentoleranz bei der Einspannung der
Platine kleiner als 20 Mikrometer sein, homogens Platinenmaterial vorausgesetzt.
Weiterhin muf3 eine bei der Bearbeitung der Platine entstehende Staubentwick-
lung des Glasfaserverbundwerkstoffes vermieden werden. Dazu wird die Platine
in eine gering angesetzte Bohremulsion (< 1% Olanteil) getaucht.

Die Platinenhalterung (siege Abbildung 48) besteht aus einer Grundplatte und 8
Abstandshaltern, die mit der Maschine selbst plan gefrdst wurden. Damit wird
sichergestellt, dal3 spater der Platinenfraser immer die gleiche H6he zur Plati-
nenober dche hélt. Eine Hohenkorrektur des Fraswerkzeuges, wie sie bei preis-
gunstigen Anlagen erforderlich ist, ist hier nicht erforderlich. Jeder Abstandshalter
ist mit einem zentrischen Gewinde versehen. Schrauben legen dann die Platine
eben an diese Abstandshalter an. Die Befestigungsltcher in der Platine wurden
ebenfalls mit der CNC-Maschine eng toleriert gefrast. Das stellt sicher, dal3 bei
der Bearbeitung der Platine auf der Riickseite kein Versatz der Platine relativ zum
Zentrum entsteht.

Als Isolationsfraser wird ein Gravierstichel aus Hartmetall verwendet. Nur dieses
Werkzeug besitzt eine hohe Standzeit und erzeugt nahezu gradfreie Frasbah-
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FIGURE 49: Beispiel einer mit dem Isolations-Frasverfahren gefertigten Pla-
tine fir SMD-Bauteile .

nen. Herkémmliche Fraswerkzeuge kénnen das Kupfer gut bearbeiten, sind aber
fur das Tragermaterial aus Glasfaser-Epoxy-Gewebe vollig ungeeignet. Niedrige
Standzeiten und schlechte Frasergebnisse sind die Folge. Diamantbesetzte
Werkzeuge konnen das Glasfasermaterial gut bearbeiten, sind aber fur Kupfer
ungeeignet! Lécher und Platinenumrandungen werden mit Fischschwanzfrasern
bearbeitet. Fir regulare Platinenbohrungen werden konventionelle Hartmetall-
bohrer mit grol3er Spiralsteigung erfolgreich eingesetzt.

Nach der CNC-Fertigung wird die Platinenober ache gereinigt und chemisch
verzinnt. AnschlieRend wird die Platine mit einer Nietenpresse durchkontaktiert.
Zum Schutz wird schlie8lich in Ethanol verdiinntes Flussmittel auf die Platine
dunn aufgetragen.

Ein Beispiel einer mit dem Isolations-Frasverfahren gefertigten Platine fir SMD-
Bauteile ist in Abbildung 49 gezeigt.
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All lectures are held at the University of Bremen and focus on digital logic circuit
design and parallel systems.

[HWP10]
Stefan Bosse

High-Level-RTL-Synthese mit einem Multi-Prozess-Modell

Von der imperativen algorithmischen Ebene zu der Register-Transfer
Digitallogik-Ebene

[High-Level-RTL Synthesis using a multi-process model]
1. edition (2010)
[SLIDES, GERMAN, PDF]
[PDLO7]
Stefan Bosse

Anwendungsspezi sche  (programmierbare) Digitallogik und VHDL-
Synthese

[Application Speci c (programmable) Digitallogic and VHDL-Synthesis]
2. edition (2007)
[SCRIPT, GERMAN, PDF]
[SLIDES, GERMAN, PDF]
[HWPO6]
Stefan Bosse
Hardware-Entwurf von parallelen Systemen, Logik- & High-Level-Synthese
[Hardware-Design of parallel Systems, Logik- & High-Level-Synthesis]
1. edition (2006)
[SLIDES, GERMAN, PDF]
[GDIAO6]
Stefan Bosse

Grundlagen der Informatik - Einfihrung, Rechnerarchitektur, Betriebssys-
teme, Programmiersprachen

[Basics of Informatics - Introduction, Computerarchitecture, Operating Sys-
tems, Programming Languages]

2. edition (2006)

[SLIDES, GERMAN, PDF]
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[GDIB0O7]
Stefan Bosse

Grundlagen der Informatik - Compilerbau, Algorithmen und Datenstruk-
turen

[Basisc of Informatics - Compilerconstruction, Algorithms and Datastruc-
tures]

2. edition (2007)

[SCRIPT, GERMAN, PDF]

[SLIDES, GERMAN, PDF]

Einfihrung in den Hardware- und Systementwurf mit anwendungsspezi sch
kon gur ierbarer Digitallogik mittels VHDL-Synthese und deren Anwendungen.
Hardware-Synthese ist ein automatischer Prozel3, um aus einer Verhaltens- und
Strukturbeschreibung logische Schaltungen und Netzlisten zu erhalten, die direkt
technologisch umsetzbar sind. Die verwendete Hardware-Beschreibungssparche
sollte dabei unabhangig von der Zieltechnologie sein. Beim Hardware-Entwurf
spielen System-On-Chip-Methoden eine wesentliche Rolle.

1.

3.

Motivation und Einfuhrung

11

1.2
13
1.4
15
1.6
1.7

Einsatz und Grenzen von klassischen Mikroprozessoren in der
digitalen  Signalverarbeitung

Digital ~ Signalverarbeitung  und Anwendungen

Daten- und Kontrollfluy in der digitalen  Signalverarbeitung
Sequentielle  Systeme und Parallelitat

Vorteile von benutzerdefinierten parallelen  Systemen
Konfigurierbare  Prozessoren als Alternative

Zustandsautomaten und Register-Transfer-Logik

Einfuhrung in Grundlagen der Digitallogik und Boolesche Algebra

21
2.2
2.3
2.4
2.5

Logische Grundfunktionen und technische Umsetzung
Transistorlogik

Boolesche Algebra, Normalformen und Logikminimierung
KV-Diagrammeund Verfahren nach Quine und McCluskey

Kombinatorische Logik - Arithmetische Funktionen

"Programmierbare” Logikbausteine: Einzelgatter, GAL, PAL, CPLD,
FPGA, ASIC
4. Einfache Digitalsysteme mit kombinatorischer Logik

5. Register-Transfer  basierte sequentielle  Systeme
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6. Zustandsautomaten: ihre Anwendungund Realisierung
7. Einfuhrung in VHDL(parallel zu obigen Inhalten)

* Schnittstellenbeschreibung

* Architektur

* Konfiguration

* Datenobjekte, Kontrollelemente

8. Grundlagen der Digitallogiksynthese und Syntheseverfahren
9. Ebenen beim Digitalelektronik-Entwurf

* Systemebene

* Algorithmische  Ebene
* Register-Transfer-Ebene
* Logikebene

* Schaltkreisebene

Diese Vertiefungsvorlesung soll die zunehmende Bedeutung der Parallelen
Datenverarbeitung in der Informatik und beim Hardware-Chip-Entwurf verdeut-
lichen. Parallele Verarbeitungskonzepte sind in der Algorithmik und Software-
Technik schon seit einigen Jahrzenten bekannt. Dabei wird ein Algorithmus in
Teilprozesse partitioniert die auf meheren Prozessoren nebenlau g ausgefihrt
werden. Anwendungen von parallelen und verteilten Algorithmen lagen bisher
aber hdu g im Bereich der rechenintensiven Numerik. Die Entwicklung tendiert
zu immer leistungsfahigeren Mikroprozessoren, mit der Folge zunehmender
Komplexitdt und viel bedeutender mit einer Zunahme der elektrischen Leis-
tungsaufnahme. Dabei kann man zeigen, dal3 die Zerlegung eines komplexen
Systems in ein System kooperierender weniger komplexer Systeme bei gleicher
gesamter Rechenleistung deutliche Vorteile hat:

Geringere Komplexitat der Einzelsysteme und regulére Strukturen verein-
facht den Hardware-Entwurf.

Die Leistungsaufnahme des Gesamtsystems ist i.A. geringer als die eines
monolithischen Einprozessor-Systems.

Bestehende System-Entwirfe kénnen durch regulare Struktur erweitert
werden.

Die aus der klassischen Mehrprozessor-Technik bekannten Strukturen und Al-
gorithmen kénnen beim Entwurf von digitalen Logik-Systemen unter gewissen
Randbedingungen lbertragen werden, so daf ein Hardware-Entwurf mit Mod-
ellen aus der Software-Technik erfolgen kann, z.B. Mehrprozess-Modelle mit
Interprozess-Kommunikations- Primitiven wie Semaphore oder Queues. Der
Trend beim Hardware-Entwurf geht daher in Richtung der Sea-of-Processor
Konzepte mit bis zu 1000 (einfachen) Prozessorkernen auf einem einzigen Chip.
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Bei diesem Hardware-Entwurf spielen daher Systempartitionierung und Kommu-
nikation eine zentrale Rolle. Ein kombiniertes Hardware-Software-Codesign ist
hier unumganglich.

1.

7

Motivation und Einfihrung

* Einsatz und Grenzen von Einprozessor-Systemen

* Architektur  eines Einprozessor-Systems
* Programmgesteuerter Ablauf

Multiprozey-Modell

* Mit generischen Prozessoren

* Skalierung auf anwendungsspezifische Digitallogiksysteme

Multiprozessor-Architekturen

* Mit generischen Prozessoren

* Skalierung auf anwendungsspezifische Digitallogiksysteme

Interpozey-Kommunikation {Mutex, Semaphore, Event, Queue,Barrier}

* Software
* Hardware

Parallele  Algorithmen

* Software
* Hardware

Parallele  Architekturen

* System-On-Chip-Architektur
* Verwendungvon FPGAs& ASICs

Logik-Synthese und High-Level Synthese fir

Verhalténgggo@g)ggémgg

8.

Pipeline-Architekturen

* in Funktionalen Systemen
* in Reaktiven Systemen

die
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Publications

[FUT11]
F. Pantke, S. Bosse, D. Lenmhus, M. Lawo

An Arti cial Intelligence Approach Towards Sensorial Materials

17 June 2011, SPIE Newsroom. DOI: 10.1117/2.1201106.003694

[SPIENEWS]
Stefan Bosse, Frank Kirchner

Smart energy management and low-power embedded system design
17 June 2011, SPIE Newsroom. DOI: 10.1117/2.1201106.003694
Paper [PDF]

[EURO11]
T. Behrmann, C. Budelmann, M. Lemmel, S. Bosse

Tool chain for Harvesting, Simulation and Management of Energy for Sen-
sorial Materials

Euromat 2011 Conference, Montpellier (Frankreich), 12.-15. September,
2011

[EHS11]
T. Behrmann, M. Lemmel, S. Bosse
Energy management for self-powered sensor nodes
Energy Harvesting & Storage Europe 2011, Minchen (Deutschland), 21.-
22. Juni, 2011

[SPIE11A]

Stefan Bosse , Thomas Behrmann

Smart Energy Management and Low-Power Design of Sensor and Actua-
tor Nodes on Algorithmic Level for Self-Powered Sensorial Materials and
Robotics

Proceedings of the SPIE Microtechnologies 2011 Conference, 18.4.-
20.4.2011, Prague, Session EMT 101 Smart Sensors, Actuators and
MEMS

Abstract [PDF]
Paper [PDF]
Slides [PDF]
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[SSI2011]
Stefan Bosse , Thomas Behrmann, Frank Kirchner

Smart Energy Management and Low-Power Design of Embedded Systems
on Algorithmic Level for Self-Powered Sensorial Materials and Robotics

Proceedings of the Smart Systems Integration Conference 2011, Session
4, Dresden, 22 - 23 Mar. 2011

Paper [PDF]
Poster [PDF]

[EMRS10]
Stefan Bosse , Dirk Lehmhus

System-On-Chip Design and Communication in Embedded Wired High-
Density Sensor Networks: A Contribution from Behavioural High-Level Syn-
thesis and Functional Printing

E-MRS 2010 Spring Meeting, June 7-11, 2010, Congress Center, Stras-
bourg, France

Abstract [PDF]
Poster [PDF]
[EMRS10B]
Florian Pantke, Jorn Sprado, Edit Pal, Stefan Bosse , Michael Lawo
Evaluating Simulation Techniques for Sensorial Materials

Symposium A : From embedded sensors to sensorial materials of the E-
MRS 2010 Spring Meeting, Congress Center in Strasbourg (France) from
June 7 to 11, 2010

Abstract [PDF]
[SSI10]
Stefan Bosse, Dirk Lehmhus

Smart Communication in a Wired Sensor- and Actuator-Network of a Mod-
ular Robot Actuator System using a Hop-Protocol with Delta-Routing

Proceedings of Smart Systems Integration conference, Como, lItaly, 23-
24.3.2010 (2010)

Paper [PDF]
Poster [PDF]

[EUROMATO09]
D. Lehmhus, M. Busse, H. W. Zoch, W. Lang, S. Bosse, F. Kirchner
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Sensor usage in the transport industry - a review of current concepts and
future trends

European Congress and Exhibition on Advanced Materials and Processes,
7-10. Sep.2009, Glasgow UK

[ZWEWO09]

Stefan Bosse

Einsatz von Sensor- und Aktuatornetzwerken in der Robotik
[Applications of Sensor- and Actuatornetworks in robotics]
Vortrag, ISIS ZWE-Workshop, Bremen, 6.5.2009

[PDF]

[GOCWO09]

Stefan Bosse

SLIP -Scalable Local Intranet Protocol - Robuste Kommunikation in Dy-
namischen Netzen

[SLIP - Scalable Local Intranet Protocol - Robust Communication in Dy-
namic Networks]

Vortrag, GoCart-Workshop, 13.1.2009

[SPIE11B]

Stefan Bosse

Hardware-Software-Co-Design of Parallel and Distributed Systems Using a
unique Behavioural Programming and Multi-Process Model with High-Level
Synthesis

Proceedings of the SPIE Microtechnologies 2011 Conference, 18.4.-
20.4.2011, Prague, Session EMT 102 VLSI Circuits and Systems

Abstract [PDF]
Paper [PDF]
Slides [PDF]

[IWK55A]

Stefan Bosse

Hardware Synthesis of Complex System-on-Chip-Designs for Embedded
Systems Using a Behavioural Programming and Multi-Process Model

Proceedings of the 55th IWK - Internationales Wissenschatftliches Kollo-
gquium, Session C4, limenau, 13 - 17 Sept. 2010

Abstract [PDF]
Paper [PDF]
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[[WK55B]
T. Behrmann, C. Zschippig, M. Lemmel, S. Bosse

Toolbox for Energy Analysis and Simulation of self-powered Sensor Nodes

Proceedings of the 55th IWK - Internationales Wissenschatftliches Kollo-
quium, Session A3, limenau, 13 - 17 Sept. 2010

Abstract [PDF]
[CON10]
Stefan Bosse

Synthesis of Parallel and System-on-Chip Designs With Behavioural High-
Level Hardware-Synthesis Using Communicating Sequential Processes
and the ConPro-Framework

Technical Paper, BSSLAB, Bremen 2010
[PDF]

[CONO09]
Stefan Bosse

ConPro: Rule-Based Mapping of an Imperative Programming Language
to RTL for Higher-Level-Synthesis Using Communicating Sequential Pro-
cesses

Technical Paper, BSSLAB, Bremen 2009
[PDF]

[CONO9VO01]
Stefan Bosse
High-Level-RTL-Synthese mit einem Multi-Prozess-Modell
Von der imperativen algorithmischen Ebene zu RTL
Presentation, University of Bremen, 30.6.2009, (2009)
[GERMAN, PDF]

[CONO9VO02]
Stefan Bosse

Regelbasierte High-Level-Synthese mit kommunizierenden sequenziellen
Prozessen

Von der imperativen algorithmischen Ebene zu RTL
Presentation, University of Bremen, 7.12.2009, (2009)
[GERMAN, PDF]

[CONO08]
Stefan Bosse
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ConPro: High-Level Hardware Synthesis With An Imperative Multi-Process
Approach

White Paper, BSSLAB, Bremen 2008
[PDF]

[CONO7]

Stefan Bosse

ConPro: High-Level Hardware Synthesis With An Imperative Multi-Process
Approach

Technical Paper, BSSLAB, Bremen 2007
[PDF]

[ACMO6]

Stefan Bosse

VAMNET: the Functional Approach to Distributed Programming
ACM SIGOPS Operating Systems Review, 3, (2006)

[PDF]

[VAMDO4]

Stefan Bosse

VAM und VX-Amoeba: Die virtuelle Amoeba Maschine und eine neue hy-
bride Betriebssystemumgebung

[VAM and VX-Amoeba: The virtual Amoeba Machine and a new hybrid
Operating System Environment]

unpublished (2004)
Draft, Bremen

[DRAFT, GERMAN, PDF]

[VAMPO4]

Stefan Bosse

VAMNET: ein hybrides und verteiltes Betriebssystem fir eingebettete Sys-
temldsungen

[VMANET: a hybrid and distributed Operating System for embedded Sys-
tem Solutions]

Vortrag, Universitat Bremen (2004)

[SLIDES, GERMAN, PDF]
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[VAMBO5]
Stefan Bosse

The VAMNET book: The Virtual Amoeba Machine Environment, AMUNIX
and the VX-Amoeba System.

(2005)
[PDF]

[SPSUROQOQ]
Stefan Bosse, Wilfried Staude

Measurement of rotation and distortion of opaque surfaces by laser light
scattering

Meas. Sci. Technol. 11 (2000), p. 1557-1564
[PDF]

[SPNANO03]
Stefan Patzelt, Stefan Bosse, Gert Goch

Laser optical surface characterization of complex optical elements in the
nanometric range.

Proc. of the 4th euspen International Topical Conference, Aachen, Ger-
many, 19.-20.05.2003, S. 519-522.

[SPMONO3]
Stefan Patzelt, Stefan Bosse, Gert Goch

Surface characterization of optical elements based on monochromatic scat-
tered light techniques.

Proc. of the Sensor 2003 - 11th International Conference, SENSOR Pro-
ceedings, B8.3, Nirnberg 2003, S. 305-310.

[HTML][PDF]
[LASCAO02]
Stefan Bosse

An experimental Laser light-scattering method for measuring velocity gra-
dients in non-newtonian uids with high viscosity

Doctoral thesis, (2002), University of Bremen
[THESIS, GERMAN, PDF]

[SPSUR98]
Stefan Bosse

Messung von Rotation und Verzerrung von rauhen Festkorper-Oberlachen
durch kohéarente Lichtstreuung
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[Measurement of Rotation and Distortion of Rough Solidstate Surfaces us-
ing coherent light Scattering]

Diplomarbeit (1998), Universitat Bremen

[DIPLOMA THESIS, GERMAN, PDF]

[CLAWO9]

J. Hilliegerdes, P. Kampmann, S. Bosse, and F. Kirchner

Development of an Intelligent Joint Actuator Prototype for Climbing and
Walking Robots

12th International Conference on Climbing and Walking Robots and the
Support Technologies for Mobile Machines, 09-11 September 2009, Istan-
bul, Turkey

[IARPOS]

Eich, M; Grimminger, F; Bosse, S.; Spenneberg, D.; Kirchner, F

ASGUARD: A Hybrid Legged Wheel Security and SAR-Robot Using Bio-
Inspired Locomotion for Rough Terrain.

In IARP/EURON Workshop on Robotics for Risky Interventions and Envi-
ronmental Surveillance, Benicassim, Spain, January 7-8/2008.

[ASTRO6]

Dirk Spenneberg, Stefan Bosse, Jens Hilliegerdes, Andreas Strack, Heiko
Zschenker:

Control of an Bio-Inspired Four-Legged Robot for Exploration of Uneven
Terrain.

In Proc. of ASTRA 2006 Workshop, ESA-ESTEC. Noordwijk, NL, 2006.
[PDF]

[SCADO3]

Stefan Bosse

Simulation: Lichstreuung an Ober &chen mit Defekten
[Simulation: Light Scattering on Surfaces with Defects]
unpublished (2003), draft

[DRAFT, GERMAN, PDF]



Disc laimer

[PLUS86]
Gerald Kirchner, Stefan Bosse

Moglichkeiten und Grenzen des gammaspektrometrischen Nachweises
von Plutonium

[Chances and Limits of gamma spectroscopy methods for the detection of
plutonium isotopes]

(1996)
[GERMAN, PDF]
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Disclaimer - rechtliche Hinweise

1. Kontakt

BSSLAB Independent Research Laboratory
Dr. Stefan Bosse

Grenzwehr 57

28325 Bremen

Germany

Tel.: 0421/178-45-4103
Fax.: 0421/67304610
Email: use contact

2. Haftungsbesc hrankung

Die Inhalte dieser Website werden mit gréRtmaoglicher Sorgfalt erstellt. Der
Anbieter Ubernimmt jedoch keine Gewabhr fir die Richtigkeit, Vollstandigkeit
und Aktualitat der bereitgestellten Inhalte. Die Nutzung der Inhalte der
Website erfolgt auf eigene Gefahr des Nutzers. Namentlich gekennzeich-
nete Beitrage geben die Meinung des jeweiligen Autors und nicht immer die
Meinung des Anbieters wieder. Mit der reinen Nutzung der Website des An-
bieters kommt keinerlei Vertragsverhaltnis zwischen dem Nutzer und dem
Anbieter zustande.

3. Externe Links

Diese Website enthélt Verkntipfungen zu Websites Dritter ("externe Links").
Diese Websites unterliegen der Haftung der jeweiligen Betreiber. Der An-
bieter hat bei der erstmaligen Verknlpfung der externen Links die fremden
Inhalte daraufhin Uberpriift, ob etwaige RechtsverstoRe bestehen. Zu dem
Zeitpunkt waren keine Rechtsverst6l3e ersichtlich. Der Anbieter hat keiner-
lei Ein uss auf die aktuelle und zukinftige Gestaltung und auf die Inhalte
der verknupften Seiten. Das Setzen von externen Links bedeutet nicht,
dass sich der Anbieter die hinter dem Verweis oder Link liegenden Inhalte
zu Eigen macht. Eine standige Kontrolle dieser externen Links ist fir den
Anbieter ohne konkrete Hinweise auf Rechtsverstol3e nicht zumutbar. Bei
Kenntnis von Rechtsverstéf3en werden jedoch derartige externe Links un-
verziglich geldscht.

4. Urheber - und Leistungssc hutzrec hte

Die auf dieser Website veroffentlichten Inhalte unterliegen dem deutschen
Urheber- und Leistungsschutzrecht. Jede vom deutschen Urheber- und
Leistungsschutzrecht nicht zugelassene Verwertung bedarf der vorherigen
schriftlichen Zustimmung des Anbieters oder jeweiligen Rechteinhabers.
Dies gilt insbesondere fiir Vervielfaltigung, Bearbeitung, Ubersetzung, Ein-
speicherung, Verarbeitung bzw. Wiedergabe von Inhalten in Datenbanken
oder anderen elektronischen Medien und Systemen. Inhalte und Rechte
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Dritter sind dabei als solche gekennzeichnet. Die unerlaubte Vervielfal-
tigung oder Weitergabe einzelner Inhalte oder kompletter Seiten ist nicht
gestattet und strafbar. Lediglich die Herstellung von Kopien und Down-
loads fur den personlichen, privaten und nicht kommerziellen Gebrauch
ist erlaubt. Die Darstellung dieser Website in fremden Frames ist nur mit
schriftlicher Erlaubnis zulassig.

5. Datensc hutz

Durch den Besuch der Website des Anbieters kdnnen Informationen tber
den Zugriff (Datum, Uhrzeit, betrachtete Seite) gespeichert werden. Diese
Daten gehdren nicht zu den personenbezogenen Daten, sondern sind
anonymisiert. Sie werden ausschlie3lich zu statistischen Zwecken aus-
gewertet. Eine Weitergabe an Dritte, zu kommerziellen oder nichtkom-
merziellen Zwecken, ndet nicht statt. Der Anbieter weist ausdricklich
darauf hin, dass die Datentbertragung im Internet (z.B. bei der Kommu-
nikation per E-Mail) Sicherheitsliicken aufweisen und nicht llickenlos vor
dem Zugriff durch Dritte geschuitzt werden kann. Die Verwendung der Kon-
taktdaten des Impressums zur gewerblichen Werbung ist ausdriicklich nicht
erwinscht, es sei denn der Anbieter hatte zuvor seine schriftliche Einwilli-
gung erteilt oder es besteht bereits eine Geschaftsbeziehung. Der Anbieter
und alle auf dieser Website genannten Personen widersprechen hiermit
jeder kommerziellen Verwendung und Weitergabe ihrer Daten.

6. Besondere Nutzungsbedingung en
Soweit besondere Bedingungen fiir einzelne Nutzungen dieser Web-
site von den vorgenannten Nummern 2. bis 5. abweichen, wird an
entsprechender Stelle ausdrucklich darauf hingewiesen. In diesem Falle
gelten im jeweiligen Einzelfall die besonderen Nutzungsbedingungen.

6. Keine Abmahn ung ohne vorherig en Kontakt!

Sollte der Inhalt oder die Aufmachung dieser Seiten fremde Rechte Drit-
ter oder gesetzliche Bestimmungen verletzen, so bitten wir um eine
entsprechende Nachricht ohne Kostennote. Wir garantieren, dass die zu
Recht beanstandeten Passagen unverziglich entfernt werden, ohne, dass
von lhrer Seite die Einschaltung eines Rechtsbeistandes erforderlich ist.
Dennoch von lhnen ohne vorherige Kontaktaufnahme ausgeltste Kosten
werden wir vollumfanglich zuriickweisen und gegebenenfalls Gegenklage
wegen Verletzung vorgenannter Bestimmungen einreichen.
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