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Abstract

The Systems Engineering (SE) discipline is an integrating discipline. SE
integrates and guides mono-disciplines, such as mechanical engineering,
electrical engineering, and software engineering, to create reliable systems. The
SE discipline comprehends multiple approaches:

• well defined formalized SE methods

• strong process focused

• “common sense”, based on human experience and intelligence

A balance of these three approaches yields successful products. In this document
we will discuss this balance and especially the, often underrated, informal side of
SE.

Distribution

This article or presentation is written as part of the Gaudí project. The Gaudí project
philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an
open creation process. This document is published as intermediate or nearly mature version
to get feedback. Further distribution is allowed as long as the document remains complete
and unchanged.
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What is a waferstepper
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From stepping to scanning
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Key specifications waferstepper
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Moore’s law
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Overlay budget (1999)
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Everything influences overlay

Lens

Metroframe

RS 
Sensor-
frame + 
IF Block

RS Chuck

Reticle

IF

Ref-IF

HP Rack

SS 
Motor

Z-sensors

Li
gh

t 
En

er
gy

LoS 
Motor

WS Chuck

Wafer
IF

SS Motor
LoS 

Motor

Ref-IF
IF 

Block

Z-mirror

WS Balance Mass

Air Foot

RS Bal 
Mass

Airshower RS

Airshower WS

MO

PAC/PA

Metrolog
y

Airmount
s

Acceler
ometer

s

Acceler
ometer

s

Baseframe

: Fiducial

Athena

LS

P and T in Lens 

Compartment

Data Delay

Airmount Noise, 
Limited Vibration 

Isolation

Metroframe 
Temperature Drift 

-> Effect on Showers
-> Effect on Position of 

mirrors and IF's

ATHENA Measurement 
Accuracy

ATHENA Mounting 
Accuracy/Stability

Disturbance of 
Horizontal WS Servo by 

LS setpoints

Lens Heating

Accuracy of 
Lensmanipulators

T at top element of Lens 
(Mag)

Inaccurate Lens 
acceleration 
Feedforward

Wafer Expansion by 
Exposure

Wafer Distortion due 
to Wafer table/chuck

Wafer Expansion by 
input temperature 

offset

Metroframe vibration due to 
water cooling (lens and 

coolplates)

Sound

P and T of Air,
Turbulences

Reticle Errors

Reticle Heating

Reticle Clamping 
induced DistortionFiducial Stability

Fiducial Calibration

TIS Measurement

Fiducial Stability

Fiducial Calibration

Metrology inaccuracy

Metrology Errors

HP Inaccuracy

Servo error

Chuck expansion

Heat flow from LoS into 
IF beams

Heat flow from SS into 
WS chuck

Chuck deformation

Chuck Dimensional 
Stability

Gravity Compensator 
noise

Feedforward errors

Heat flow from LoS into 
IF beams and 
compartment

Heat flow from SS into 
RS chuck and 
compartment

Illumination settings (NA ) 

Overlay Influence Diagram.
(Maarten Bonnema, 19-3-1999)

T stability in LS 
lightpath

Lens Dynamics

P&T correction of Lens

The Informal Nature of Systems Engineering
9 Gerrit Muller

version: 0
August 16, 2025

ASMLoverlayInfluenceDiagram



What is Formal?
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Process: Formal Documents
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Formal in Mathematical sense

example PieceWise Linear Systems
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Examples of Hybrid Modeling Formalisms

Björn Bukkems and Marieke Cloosterman

Boderc Symposium 2005

The Informal Nature of Systems Engineering
12 Gerrit Muller

version: 0
August 16, 2025

INSEformalMethods



Fab Context of Waferstepper
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Business Context
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Human Context: Stakeholders
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Multitude of Disciplines
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Complexity of Waferstepper Context
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Symptom: Delays appear during Integration
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From Mono-Disciplinary to System
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Exponential Pyramid, from requirement to bolts and nuts
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Waferstepper Example
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Postulate
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Multi-disciplinary Research Approaches
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Conclusion

Systems Engineering:

heterogeneous, the art of ignoring details

Formal Methods: systematic and accurate:

works on well defined homogeneous problems

SE uses FM-thinking: Borrow and Adapt

Formal methods provides input to SE for specific niches

SE sets the boundaries for the application of Formal Methods
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