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How generate EUV light
Sn life cycle
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Gigaphoton’s LPP Light Source Concept

. Intermediate
1. ngh CE Focus °

with pre-pulse technology Droplet
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Gigaphoton EUV Sources

Proto #1
From Oct. 2012

Pilot

From Feb. 2016

Proto #2
From Nov. 2013
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Pilot Update (HVM target)

» Configuration & Key Component Technologies

AGENDA » System is now in Operation
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Pilot and Proto Systems Configuration

Operational Specification Proto #1 = Proto #? . Pilot
Proof of concept | Power scaling T v Frrece

EUV Power 25 W > 100 W 250 W

% 5.5% a%

3 : Pu|se ro’re 100 kHz 100 kHz 100 kHz
arge
62°upper 62°upper
Ou’rpu’r slils “lerizenl (matched to NXE) (matched to NXE)
Avouloblllty 1 week operation 1 week operation > 75%

Droplet
20 -25 um 20 um < 20 pm
5 kW 20 kW 27 kw

Pre- pulse |oser picosecond picosecond picosecond

mitigation magnetic mitigation
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Pilot: High Power EUV Source for HYM

EUV chamber System

Main-AMP

Pre-AMP

2,300

Driver Laser system
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Evolution to Pilot (compared with Proto)

®CO2 Laser @Pre-Pulse 3DLG @I?ebl:ls
laser Mitigation

Trans. Qas Flowx 1 Pico Second Pre- ., HighSpeed
Fast A;(lgli\f\l/owx3 j}}g{\)lse laser : : AT
FAF CO2 laser 4\ 5% : Type-F : 10@(?H
s?—ﬁaz“é‘b_ $sze as— : Desngn | 250W
ol -+ R - B T 100H

(D
U J

=— , Gas flow Pt HAF

CE=3%

Trans. Gas Flowx 4 Pico Second Pre-
27kW pulse laser

.

TGF CO2 laser

' !

' !

! Type-G 1 | 250W
, ' | 1000H
|

CE> 4%

> 1000H 1
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Pilot : EUV Chamber System (1)

EUV chamber system
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Pilot : EUV Chamber System (2)

EUV Light Beam

Intermediate
Droplet Genera Focus

. EUV Plasma Point

Driver Laser
Beam

Ao nNnnn
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Pilot : EUV Chamber System (3)

LPP EUV Source : DLG X-Z Stage

Plasma Point
(250mm from nozzle)

Z
Shooting Control System X oLG IY
PZT device
. - OSC >- :

Multiple control loop 7 Flow camera
works simultaneously. X flow Cdmero* |
v Droplet control () P A

position & timing - Laser Plasma ‘
Vv Laser axis control - mirror sensor @

position/pointing with - B :

approx. 30 mirrors
v' Laser trigger timing
v" Energy dose control

Timing sensor Droplet

................

Laser (CO2, Fiber) 5 catcher
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Pilot : EUV Chamber System (4)

High speed droplet generator was successfully released.
20MPa-DLG 40MPa-DLG

2013 Jan 2014 Sep 2015 Dec

Proto#1 Proto#2 Proto#2 and 60m/s 90m/s
Pilot#1 ¢ ¢
Droplet speed m/s 45 60 90
-1
Back pressure MPa 12 20 40 S vy
S
» Oy i £
Repetition rate kHz 50 80 >100 3
limit S
Status Proven Proven Proven ¥

Freq. =100kHz Freq. =100kHz

Droplet Status
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Pilot : EUV Chamber System (5)

» DLG lifetime extended to > 200 hours.

* Yield also improving.

450
400

£330
v 30

£ 50

OSwopped due to tin empty
Scheduled swap

1 Piloth1
B Proto#]
i Protof

204

W

5% 5
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Pilot : Driver laser & PPL system (1)

4-CO, laser
Amplifier Modules  Oscillator/PPL Module

2,300

/JQO

<
Driver Laser system
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Pilot : Driver laser & PPL system (2)

Oscillator Amplifiers
& SicarHoTON Original With partners
QcL seeder 1| __, | Regenerative | | ganeration Fast axial flow Tronsverse gas flow
() co, amplifier| | o
(2) A1 =P18 = (Y7
o - ﬁ@ w
; A3 = [ n 6 s/ 7
QCL Seedern | A4 =P24 ] " TRUMPF ; / i %
() FWHM - -0 . & misuBIsH
. - | 47w ELECTRIC
OSC PA1 MA1 MA2 MA3 Plasma Point

HAmpHAmpH e )—» AMP {-» AMP |—> AMP H AMP )—»%
For 250W EUV 100W 5kW  TOkW  20kW  30kW  25kW
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Pilot1: Driver laser & PPL system (3)

Beam profile of CO2 driver laser system at each stage.
PA MA1 MA2 MA3

IMG_20160927175733_0.bin

Proto

(FAF)
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Pre-Pulse Technology (1)

Pre-pulse
Technology

pje- Droplet
puise @ (liquid)
laser

main- Fine-mist
pulse (liquid)
laser
EUV light Plasma
Emission (gas)

!

Sn Debris Mitigation
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Conversion
Efficiency
improved

CO2 pulse enegy vs. EUV-CE

4.7%
Ll
3%

Pre-pulse laser

=a=10 ps

——10 ns

50 100 150 200

CO2 laser pulse energy (mJ)
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Pre-Pulse Technology (2)

Modeling nanosecond pre-pulses

~ 10 ps pre-pulse RALEF simulations

“Disk like target” Evolution of Sn density profile for 10 ns pre-pulse
i i -
o = v
e W oo

Mo 43
N Sledts oo

H. Mizoguchi, Dublin (2013)

“Advances in computer simulation tools for plasma-based sources of EUV radiation”

V.V. Medvedev'2, V.G. Novikov!3, V.V. Ivanov'-2, et.al.
1 RnD-ISAN/EUV Labs, Moscow, Troitsk, Russia

2 Institute for Spectroscopy RAS, Moscow, Troitsk, Russia

3 Keldyshinstitute of Applied Mathematics RAS, Moscow, Russia
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Pre-Pulse Technology (3)

Modeling picosecond pre-pulses

~ 10 ps pre-pulse RALEF simulations
“Dome like target” Evolution of Sn density profile for 10 ps pre-pulse
D
\l : \
| \/
~
H. Mizoguchi, Dublin (2013)
“Advances in computer simulation tools for plasma-based sources of EUV radiation” time

V.V. Medvedev' 2, V.G. Novikov'-3, V.V. Ivanov'/2, et.al.
1 RnD-ISAN/EUV Labs, Moscow, Troitsk, Russia

2 Institute for Spectroscopy RAS, Moscow, Troitsk, Russia

3 KeldyshlInstitute of Applied Mathematics RAS, Moscow, Russia
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Pre-Pulse Technology (4)

2015/06/18, A¥No.PDEQ
DL25.7 um dia.

1st PPL :YVO4, 66um dia., 14ps, 2m), 58.5)/em2 1 d d 't'
2nd PPL:Minilite, 383um dia., 6ns, 11.5mJ, 10.0)/cm2 Ize CO n I I O n .

CO2: 400um dia., 10ns, 66.6mJ, 53.0]/cm2

6
5.5% T
’ 10 shot average | —
a? 5 F —
g 4 =
M~
fap] —r—
E 3 r —
L
o ;| | \-\ -
I
T0 \\\
0 : : ; i
0 Experimental Device

PPL - CO, delay
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Debris Mitigation Challenges (1)

* Purpose
» Evaluation of tin deposition distribution on
the collector mirror

« Method

» dummy collector mirror (no coating)
» sampling plate
size: 15mmx15mmx0.7mmt
material :Si plate (46 pieces)

* Analysis after test
» surface condition :SEM
» deposited tin thickness :XRF

Copyright © 2016 Gigaphoton Inc. G;GAPHOTON
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Debris Mitigation Challenges (2)

Proto (2015 Proto (201¢)

1750
Sn depo. rate Sn depo. rate
[nm/Mpls] [nm/Mpls]
5.000 5000
1080 — 4760 4760
4500 4500
4250 4250
1000 4000
2750 2750
ason 3500
3500 — 3250 2250
2000 2000
23750 2750
2500 2500
2350 2350
2000 2000
1750 1.750
-ssa0 1500 1500
1.250 1.250
1000 1.000
0750 0750
o500 0500
0260 0250
1050 — 0000 0.000
. Linear
Linear scale
Scale
1750 [
" 054 3500 3800

1750

Offset shooting
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Debris Mitigation Challenges (3)

Mitigation-Type G in Pilot Distribution of Sn density
(Simulation)

Factorl Back Diffusion

Countermeasure Prof =

1. H2 gas flow design TI’O OF |3) (

2. Cooling system yper =
Factor2 Offset shooting 8- -=

Countermeasure . o

1. Improve shooting accuracy Pilot =

Type G i

Evaluation in Pilot started.
2]
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AGENDA
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Pilot Update (HVM target)

»

» System is now in Operation

25
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Pilot System is now in Operation (1)

Vessel W|th Magne’rlc Shield CO, driver laser

Copyright © 2016 Gigaphoton Inc. G;GAPHOTON
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Pilot System is now in Operation (2)

IDroplet F‘Iow Monitor Plasma Point Monitor

Droplet

Copyright © 2016 Gigaphoton Inc. Sep 8, 2016 DOC#: GPD2016-061 GGAPHOTON



Pilot System is now in Operation (3)

“., e RN\
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Pilot System is now in Operation (5)

Pilot#1 has been demonstrating at

100W average power with 5% CE !
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» Pilot #1 Data

» Conversion Eff. 5.0%

» Power (in burst) 105W

» Duty cycle 5%

» Power (average) 100W

» Operation Pls Num. 0.83Bpls
» Operation Time Shr

» Dose Stab. (av.) 0.39%(30)

» OSC+ 4xAmplifier (Mitsubishi Electric)

» CO2 Laser Power 9.1kW
» Pulse Rate 50kHz
» Pulse Duration ~10ns

€ 31GAPHOTON



30

Pilot #1 System is now in Operation (6)

CE performance
5% CE achieved 6%
in Pilot -
Due to CO, %5% f
beam profile £ .5 |
improvement. ) //’ \'\\ e
§4%S 4%
3.5
3%
0

50 100 150 200 250
CO2 pulse energy (mJ)
CO, beam profile at plasma point
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« Higher Power EUV Source Development
e Summary
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Prototype LPP Source Systems Update (1)
* Prototype high power EUV light source is in operation

Proto #1 POC in Power Scaling & Proto #2 High Power Experiment
Debris Mitigation

“ ..i | }E,

Copyright © 2016 Gigaphoton Inc. GGAPHOTON
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Prototype LPP Source Systems Update (2)

EUV Power Status with Dose Control

300 Proto #2
256W in burst,

20 (June. 2016) ) “ Target
- 188W,7h (Apr. 2016) _ | e
2 200 | | | | =
% 150 158W,l Th (MGI“. 2016) ‘ ‘ n7 ” .‘ 4 Proto#l
-E' | I I I L 85W, 0.8h M Proto#?2
.:Z 100 1 108W124h (NOV. 2015) T "’m I(JUIYI' 20'!6 Piloté1

5)

E< — 74W,0.5h (Apr.

- T
PP S IR !’ 12W,26h (Nov. 2014) 7 | 100W average,Sh
| (Sep. 2016)

1401 1402 1403 1404 1501 1502 15Q3 1504 1601 1602 1607

-
-

-

Pilot

ul
o
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Prototype LPP Source Systems Update (3)

2016/07/06

News Release
Gigaphoton's EUV Light Source Achieves 250W

e
- g W
*nii
5 OD
Output at 4.0% Luminous Efficiency 2
‘ ] B
Company succeeds in light emission levels capable for use in high-volume ) A s
manufacturing of state-of-the-art semiconductors S 2 ll II %
H 1
k;r) /\
OYAMA, Tochigi July 6, 2016 — Gigaphoton Inc.. the leading manufacturer of light sources used in lithography, has : y P -
t ¥ ‘E
announced success in achieving ZiE UV2 5 OW’ C E 4 i O% 1cy with a Laser-Produced Plasma (LPP) light J:_L E

source prototype for EUV scanners, which the company is currently engaged in developing. At this output level, the light ; e . | JSE

sources can be used in high-volume manufacturing of state-of-the-art semiconductors. The company also announced its

successinachie\'ing] ]Qh ConﬁnUOUS operqﬁon OI' EUV] 3OW

This result was achieved via the culmination of a number of efforts that the company has continued to develop, including the

sub 20 pm micro droplet supply technology. the combination of solid state pre-pulse and CO, main pulse lasers, improvements

in energy control technology. and magnetic field enabled debris mitigation technology.

Copyright © 2016 Gigaphoton Inc. @ JIGAPHOTON
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Prototype LPP Source Systems Update (4)

300W with open loop

350

300 | 30]W
250 | with 4% CE . ]

—
91
o

In-band power (W)

-/

4

268W

with 3.5% CE

0% 20%

40% 60% 80% 100%
CO2 RF duty

®Apr. 2016 mMar. 2016

Copyright © 2016 Gigaphoton Inc.

256W with closed loop

350 \\ 3.5%

300 \ 3.0%
v]
< 250 ~ 25% E
< \ i)
‘:’ 7]
$ 200 2.0% T
o \ 2
2 :

T

T 150 o - 15% ®
5 0.3% Dose ;
£ 100 bolo —+10% &
n stability a

50 | | ' 0.5%

0 L L ! 0.0%

0%  10%  20%  30%  40%  50%
Dose margin
=¢=|n-band power =li=Dose stability
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Prototype LPP Source Systems Update (5)
Proto #2: Power Data (Mar. 3-17, 2016)

200 | ‘ | ‘ « In-Band|Power [W] 100%
160 158W- 132W » Duty Cytle sov:
gmo p—— . : — 70%
% 80 40% g
© «<— 119 hours Continuous operation —>
0 | | | | 0%
0 2000 4000 6000 8000 chot er:{;(:: — 12000 14000 16000 18000 20000
Result: Condition:
In-band power: 158W-132W Repetition rate: 100kHz
Operation time: 119 h Duty: 40/50% *
Number of Pulse: >17.8 Bpls Average power:  79W-52W
Dose stability3s: < 0.19 % With dose control mode

* 10 kpls on/0.15 or 0.1s off

Copyright © 2016 Gigaphoton Inc. GGAPHOTON
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Prototype LPP Source Systems Update (6)

Availability

100%
—13weeks —4weeks

80%

60% /

40% A

20% p A

0% -
O IO O IO O IO O MO MOMWMMOKWOMMMOOWWOMOOLWOMILWL O O WU O
geegIIveeLgLlleeIILLSLLLLC
S======2=2=2=s=====sS=s==sS==s=s==s==s==s==-=
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»

AGENDA »

Higher Power EUV Source Development

Copyright © 2016 Gigaphoton Inc. GGAPHOTON



Higher Power EUV Source Development (1)

Extendibility to 500W EUV Power

EUV Output Power vs. CO, Input Power

EUV ave.Power[W]

Conversion Efficiency [%]

@100kHz 2% 3% 4% 5% 6% 7% 8%

15 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

50 5 19.1 28.7 38.2 478 57.3 66.9 76.4

100 10 46.4 69.6 92.8 116.0 139.2 162.4 185.6

150 15 73.7 10.6 147.4 184.3 2211 258.0 294.8

200 20 101.0 1 202.0 252.5 303.0 353.5 404.0

250 = 25 128.3 192.5 256.6 320.8 384.9 449.1 513.2

S 300] X 30 155.6 233.4 3 389.0 466.8 544.6 622.4
E[ 350 5 35 182.9 2744 365.8 457.3 548.7 640.2 731.6
@ 400 3 40 210.2 315.3 420.4 525.5 630.6 735.7 840.8
I 450] & 45 2317.5 356.3 475.0 59 712.5 831.3 950.0
w 500 % 50 264.8 397.2 529.6 662. 794.4 926.8 1059.2
2 550 5 55 292.1 438.2 584.2 730.3 876.3 1022.4 1168.4
::“ 600] o 60 319.4 479.1 638.8 798.5 958.2 1117.9 1277.6
o) 650] & 65 346.7 520.1 693.4 866.8 1040.1 1213.5 1386.8
© 700 8 70 374.0 561.0 748.0 935.0 1122.0 1309.0 1496.0
750 75 401.3 602.0 802.6 1003.3 1203.9 1404.6 1605.2

800 80 428.6 642.9 857.2 1071.5 1285.8 1500.1 17144

850 85 455.9 683.9 911.8 1139.8 1367.7 1595.7 1823.6

900 90 483.2 724.8 966.4 1208.0 1449.6 1691.2 1932.8

950 95 510.5 765.8 1021.0 1276.3 1531.5 1786.8 2042.0

1000 100 537.8 806.7 1075.6 1344.5 1613.4 1882.3 2151.2

Copyright © 2016 Gigaphoton Inc.

Our possible scale-up scenario

HVM
(1°%)

EUV power 250w S00W
Pulse Rate 100 kHz | 100kHz| 100kHz
CE 4.5% 5% 6%

CO; Laser 25kw 40kwW 65kw
Power

€ 31GAPHOTON
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Higher Power EUV Source Development (2)

Carbolated with Aw
OSC PA1 MA1 MA?2 MA3 Plasma Point

OSC putPreAmp g ProAmp sy AMP el AMP sl AMP bl AMP  fommm

100W 5kwW 1 OkW 20kW 30kW 25kW

100W 10kwW 20kw 30kw 50kw 40kw
<Hlsfory of Amplifier development>

_ ’A/mh‘ < o0e e

2016 L R

W (L)

- Amphfler m@lk:\fmm_?O 15

vy RF Powe Sol

<—'
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Cooperation with

High EUV Conversion Efficiency Wz X

Cyushu University A PRI

Thin Target Mist EUV Emission

CO2 Pulse C EUV
e

Energy Energy Dy

250m) 4% 10m) >0.3)/mm3

360m/ 5% 18mJ 0.5)/mm3 ! l I
Pre Pulse Laser

Torqe’r Simuration Simuration of EUV Emission Thomson Scattering oo pm
‘ | 5 mé "/7
EUV N2 :
Emission i IR0 5
Y

|n|’r|c1|

ks

7-»'5 | = a [

UNIVEREIT
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Summary

* Pilot is up running and its to demonstrate HVM capability

» EUV power recorded 100W average (105W stabilized, 95% duty) with 5%
conversion efficiency for Shours operation in September 2016.

»  High conversion efficiency is realized with several key engineering efforts.

»  CO, driver laser power test up to 27kW in process.

»  Next target is >100W average power with high duty cycle operation with
Collector full-scale mirror demonstration.

- Power scaling and availability improvement with Proto system in process

»  256W in burst power, closed loop operation with CE=4.0% were demonstrated.

» 119 hours 158-132 W power (in burst power, 50% duty) under closed loop was
successfully demonstrated.

»  Proto#2 unit recorded 43% availability during 13 week average (10h x 5 day).

* Further scalability scenario toward 500W EUV source power is under investigation.

Copyright © 2016 Gigaphoton Inc. GGAPHOTON
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