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Movie intro ASML: machines to make chips
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ASMVL’s tools are critical to realize Moore’s law

Moore’s law: actual pP:
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Power electronics design...

nteresting topic in electronics engineering ...

materials

... power electronics always serve an application.
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Power amplifiers in lithography tools

* sub-nanometer accurate dynamic
positioning of moving stages
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Generic approach to design power
electronics for any demanding application

T —

o from F / o

Y

1. ask for specifications /A 1. list how your power electronics could (yes,

2. make design ;./ . @y dv {sely).affect the appllca.tlon it enablles

3. find out it's not what th! . take y\f)ur time to make the list exnaustive
customer needed or Cé 3. establ@sh sensitivities from every list item to
gotten % perforfnance perceived by end-customer

>4, make Pareto of biggest contributors to
\ g_ perﬁglimance reduction

| ” é@otlate with (people representing) end-
//gustomer

e 6. |mprove biggest contributors as required
complex slide warning

N ECedk E.:O e




Positioning of moving stages

feed forward
compensations

y setpoint o fss 1 Ycarrier
> X MoCo MPAC K ss _ >
+ Mchuck- S
short-
feed forward stroke
compensations
i, ¢ . i
Yaiff 5P g LSt fis V- 1 Yis
MoCo MPAC H—| amp K »(X) >
+ X Y lis — " mlLS e ms.s?
long-
stroke
Mepuck + Mis
_% Ycarrier [nm]
BM
¥is [um]
Yaiff [um]

G

chuck

short stroke

long stroke

balance mass

f Lorentz

ER¥Ronics

1 axis shown here

in real system 6 mechanical
degrees of freedom (DoF) per
rigid body

representing 12 state variables
total ~100 interacting states
or more if finite stiffness is
considered
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Role of power amplifiers:
supply currents for linear actuators

linear — short stroke linear — long stroke planar
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Basic 1-DoF position loop

controller amplifier actuator dynamics

position + c Mese 1

Iq
set point N 'K Km
position accel. m,est curr. current

error set point set point \

h 4

—» position
force | m - s2

note: A = 1 within position loop BW

@ Slmp“fy root locus with C = K,
position
controller plant
+
Ysp C >p=% >y
- S
accel
set point \
double pole

19 juni 2019

1931 congrescentrum ’s-Hertogenhnsch.._..'

.
.
.
.
.
.
.
.
-
- .
>
a > i




12

Basic 1-DoF position loop

- making stable, option 1

Root Locus

* set gain to maximize phase margin

e zero/pole controller (lead/lag) o
* zero below desired BW § ool
« pole above desired BW L A

root locus C; - P

* set distance zero - pole for desired phase margin ‘ : D/
“ .'100000.8‘6 -8000 ‘0‘.'7:000 0.61000 0‘5:'2(.1’::] e (;
BOde p|0t C1P Real Axis (seconds'W)
controller plant (open loop)
" a 1 gain
Ysp T €1 P = 2 4 double pole from plant
F’?’ = 2m - Tp
0dB,0° ; .
Flog
STZ + 1 1 @ 2m-1, i |Cl'P|F=FBW:1
C1=K'—,P=—2 ‘phase S |K - 2nFgy T, = 1
STp + 1 S phase margin (27'[ -F )2
—180°7 > K~ &
3 a
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Basic 1-DoF position loop
- making stable, option 2

 PID + 2LPF filter controller
* extra pole at 0 Hz more LF open loop gain
 two zeroes below desired BW — less sensitivity
* two poles above desired BW
* set gain to maximize phase margin

» set distance zeros - poles for desired phase margin Uhm..., sensitivity?
controller plant A
. 1 Cz [dB] root locus C, - P
a
Ysp C, > p = - >y C, P [dB]
- S Root Locus
soool 085 o076 o064 05 034 016/ ]
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Kd Kd Wip & 2000 - | ; ; = Rt
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Loop sensitivities
d d
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sensitivity

* equal

» dimensionless

iInput sensitivity

process sensitivity S, ===

Note:
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Mechatronic position loop
and relevant sensitivities

scope of typical mechatronic position
chanics’

process (“compensated mei cs”)
scope of typical

mechatronic position Pm
controller

m

finj [N] ierr A] ferr [N]

y, [m] ﬁ%o 1 ++ib ++l 1
n C Mest K est Kin P > y[m]

a [m/s?]  f.IN] f,IN] i [A]  i[A] fm [N]

Relevant process sensitivities:

y P

@ injected force gain For | 1+CnPm

Sp, force —

[m/N] defines
sensitivity of
position loop for

Yy _ Km'Pnm [m/A] —— power amplifier

amp noise gain =
9 p g err 1+Cm'Pm errorS

Sp,amp = 7

® crror force gain ~ @ (forfrequency F < Fpy omp)
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Amplifier “noise” gain

defined by motor constant K, mass m and pos. loop bandwidth Fgy,

amplifier noise gain = C [dB]
Km
Yy, .52
Cang = l_g = mestms Km [m/A]
& 1+C'K est'HampCL‘W C dB
ane [AB] |
K
& Cpyg = = = Hamper = 1 K
m
m:- (21‘[ * Fgw)z
eF > Fewpostoop = |CmP, < |s?
Km 1
= Cangy = gm 2
09F<F3Wposloop |s?] K, 1 | |
C ~—--— =|C
N CAN612 ~ I:’;n ) 2 ANGs ¥ 7" 2 ANGs
K, 1 1
O cwe=iie =l = G, F A
K, 1 Ky, 1
Q e =l s ey, T A
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linking amplifier errors to system performance

gap
variation

magnet-
coil xtlk

coil-coil
xtlk

amplifier

current- or
flux sensor

2 gain
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1 offset

2gain drift

1 offset
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forward less effective
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Critical dimension CD, overlay OVL

CD is smallest feature size (line width, isolation width, half pitch) I I I I

OVL is misalignment between one layer and the next

> 0VL
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MA/MSD evaluation

chip area on moving wafer

Vslit

4—
VUscan

static slit of light

Yslit
T =

scan
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time domain:

MA: convolute error
signal with window
function:
A
w(t) e(t)
1 S
Tsiie *
—Tsiit h t
2 2
MSD: convolute square of
(error signal — MA) with
window function and take
square root of result.
A
w(t) (e(t) — MA)?
1
| | Taue %

2

m ’s-Hertogenhnsch

position error e(t)

Tszlit
1
MA = j e(t) - dt
Tslit T
—Islit
2
Tsiit
1 2
MSD = [e(t) — MA]? - dt
Tsiit .
—1slit
\ 2
Vstit
Terie =
slit Vecan
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Position set point generator

v=1, a=50v, j=300a, s=600j
T

T T T
[—=2]
t, 4
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J in o e
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a < >
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Example: effect of amplifier gain error :

v=1m/s, a=50v, 3004, 5=600j, moco: ZOH/FF and FBAOkHz/A00Hz/MAwdw=1, amp: transparent, cases - gain error 250ppm

_ I | I ! \

50— ; e R : —

40 ==
=
2
£ 30 _|
=
e
=
3 n— —
a
o
@

10 aref

aff
ampin
o ampout2 ||
i ampoutH
| | | | | | | £
-0om 0 0.m 0.02 0.03 0.04 0.05 0.08 0.07
tlsl

o v=1mfs, a=50v, j=300a, 5=600j, moco: ZOH/FF and FBAOkHz/A00H2/MAwdw=1, amp: transparent, cases - gain error 2580ppm
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Pareto analysis

Pareto Chart of Amplifier error source
1200 4
1000
@ 800
™~ &00 4
g 400 A
200
JLINZ I , : ; : ,
Amplifier error source ,5@@ \g\ D é‘b QE_*&& &g» o%é\
& (3* \'b(? & Qgé\{\
& @ & S
& N
© &
L3
3IMA+MSD 1081 258 173 149 82 65 34 [a.u.]
Percent 538.7 140 o 8.1 4.5 3.5 1.9
Cum % 58.7 727 821 90.2 946 98.1 100.0

=> identify the lowest number of improvements to get the maximum effect

(“bang for buck
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Summary
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