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Real-time control system for lithography stepper machines
By Abdelilah Aadil 

ince the IC first became commercially available in 1961, it has undergone remarkable change. The IC has become 
incredibly small and can now incorporate millions of transistors, offering unbelievable performance in myriad applications. 

The original IC, by comparison, only housed one transistor, three resistors, and one capacitor.

Today, ICs are used in all kinds of electronic 
products and systems, from personal com-
puters and mobile phones to televisions, air 
conditioners, and other appliances. They 
can also be found in video game systems, 
automobiles, corporate and government 
information systems, factory automation, 
and other industrial applications. Virtually 
every element of the infrastructure that sup-
ports our daily lives contains ICs.

There is a direct link between the evolu-
tion of the integrated circuit and that of 
electronic products and systems. The 
microprocessors that are used in the per-
sonal computers of today, for example, 
integrate more than 50 million transistors 
and feature operating frequencies some 
20,000 times faster than the ICs of the early 
1960s. Personal computers built around 
these new, more powerful ICs can send 
and receive music or video data, download 
software, and they allow users to enjoy 
online games and take advantage of other 
useful, innovative Internet-based applica-
tions, delivering the blazing speed users 
today demand. The super-powerful ICs 
of today have also made possible exciting 
new portable products such as digital still 
and video cameras, PDAs (Personal Digital 
Assistants), and digital audio devices, as 
well as home entertainment appliances like 
digital TVs and DVD recorders.

The significant increase in the perfor-
mance of ICs (number of transistors per 
chip and density) and processors, in terms 
of MIPS that practically double every 1.5 
to 2 years, as well as the marked decrease 
in the cost of production, is due primarily 
to the huge strides made in manufactur-
ing technology. These strides have also 
been the catalyst in the propagation of 
electronic products and systems. Semi-
conductor manufacturers have faced and 
are still facing big challenges in finding 
lithography stepper solutions that can 
meet their technology, production, and 
cost needs. This poses a considerable chal-

lenge to lithography tool manufacturers 
by keeping up the product improvement 
process while driving down the cost of 
ownership. The two most important fea-
tures for improvement in a lithography 
stepper machine are:

   High resolution and wide exposure 
fields (wafer support, projection lens)

   Throughput and machine stability 
(number of wafers per hour, vibra-
tion, and temperature)

The throughput, the productivity of a 
lithography stepper machine, is heavily 
dependent on the performance of the com-
puter control system. This machine com-
ponent is responsible for controlling and 
monitoring all other components making 
user s̓ experiments precise and speedy. 

The computer control system consists of 
two layers of hierarchy, the user interface 
computer (UIC) and the machine inter-
face unit (MIU). The UIC layer is mostly 
based on a PC serving as a terminal that 
provides various kinds of graphical inter-
face windows for the user to control and 
analyze the measured data with. The UIC 
is linked to the MIU via a serial connec-
tion (remote control).

The MIU is basically a standards-based 
embedded single board computer system 
such as VME and CompactPCI. The data 
acquisition and processing in real-time 
make the PowerPC architecture the most 
adopted platform technology in these 
computer controlled lithography applica-
tions. The control of the stepper motors 
and their scalar motion is done using a 
PMC I/O card (see Figure 1).

The computing performance of the control 
unit is highly important for a faster and 
more accurate positioning of the wafer 
stage. A fast execution of the acquired data 
and shorter reaction time (feedback con-
trol) enables a fast machine throughput. 

Current state-of-the-art semiconductor 
projection lithography employs line widths 
and positioning accuracy in the 100nm 
range. The basic concept of the control 
system consists of two sets of position 
sensors that monitor the position of an XY 
grid encoder, an integral part of the XY 
stage that supports the wafer, and moni-
tor the X and Y coordinates. Both types 
of position sensors have sub-nanometer 
resolution and a repeatability of a few 
nanometers. The XY encoder sensors can 
monitor the position over the full size of 
the wafer. 

The position sensors feeds the sensing 
signal back to the PMC I/O card, where 
the position of the mechanical stages in 
real time is done by the MIU using linear 
step motors. The high resolution results in 
large data inputs that require large band-
width on the hardware side. Having two 
decoupled PMC channels on the single 
board computer (PowerPC CPCI-695 or 
CPU-695-VME from Force Computers) 
carrying the PMC I/O cards is a huge 
advantage. Also, the implementation of 
the PCI-X technology enables more than 
16 Gbits/sec aggregate throughputs at a 
maximum frequency of 133MHz.

Achieving sub-nanometer positioning 
requires a device to shift from todayʼs 
paradigm of optical lithography tech-
niques, causing a data-handling problem. 
Tailoring the system to take advantage 
of the chip repetitions over the wafer as 
much as possible requires an effective 
way of making the data, or pattern-data 
available, and reduces the frequency of 
storing data to a disk when the data vol-
ume exceeds the memory size. Having 
a control system featuring a large, fast 
memory like DDR SDRAM with up 
to 4 Gbytes memory and a maximum 
bandwidth of 25.6 Gbytes/sec (Force 
Computers CPCI-695, CPU-695-VME) 
is a real relief for system architects of 
lithography stepper machines.
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The control unit interface system con-
sists of different I/O boards performing 
different tasks within a lithography 
machine (see Figure 2). Each SBC is 
responsible for certain functions or group 
of functions. These functions can include 
diagnostics, gathering system-related
information such as applicationʼs task 
status or statistics, and calculating the 
XYZ positioning. Position stages where 
the control system reads the voltage from 
all relevant potentiometers, converts them 
into positions, and displays these values 
in terms of millimeters to the user display 
screen is one example of these responsi-
bilities. The SBC can also compare the 
magnet position with the user set point 
values. Then if the magnet position is not 
within the five micron tolerance limit, the 
program calculates the new displacement 
before converting it to micro-stepping 
motor pulses, with optimum speed and 
acceleration curve set points, and sends 
the new value to the motor controller.

The communication media between the 
different nodes of the control unit is Com-
pactPCI, VME, or Ethernet. This common 
interface is basically used to exchange data.

Figure 1
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Figure 2

http://www.compactpci-systems.com
http://www.compactpci-systems.com


Reprinted from CompactPCI Systems / December 2003 Copyright 2003 Reprinted from CompactPCI Systems / December 2003 Copyright 2003

P
R

O
C

E
S
S
O

R
 B

O
A

R
D

S
P R O C E S S O R  B O A R D SSPECIAL FEATURE

A high-bandwidth, fast data transfer 
media gives the control unit more power 
and shorter execution time. With the use 
of a high-bandwidth 64-bit universal 
CompactPCI bridge, the control system 
can benefit from the flexibility of using 
the same SBC either in the system or 
peripheral slot. 

The 64-bit addressing, full speed con-
version from 64-bit/33 MHz to 32-bit/
66 MHz, and the configurable pre-fetch 
strategy for improved read performance 
allows a bandwidth of up to 4 Gbits/sec. 
This would significantly and positively 
affect the data traffic between the nodes 
and in turn improve the performance of 
the stepper machine control-unit.

The increasing trend of adopting a packet-
based technology such as GigE for the

data interchange, due to its simplicity and 
easy migration path, is quite clear. The 
new generation of PowerPC single board 
computers (e.g. CPCI-695 and CPU-695-
VME) targeting such applications will 
have to be designed to meet the surge of 
demand by the system architects for more 
bandwidth and higher transfer rates. 

Conclusion
Since semiconductors continue to ramp 
up in speed and density, lithography sys-
tem manufacturers are forced to find out 
the answer to machine stability, through-
put, and high-resolution challenges. 
Hence, understanding the end-applica-
tionʼs needs and bottlenecks helps SBC 
manufacturers better align their designs 
and services, therefore responding to the 
continuous capability enhancements of 
the real-time control unit.
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