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Abstract The high power EUV source is one of key issues in the development of EUV lithography which is

considered to be the most promising technology among the next generation lithography. However neither DPP

nor LPP seems to meet the requirements of the commercial high-volume product. Insufficiency of DPP and

LPP motivate the investigation of other means to produce the EUV radiation required in lithography. ECR

plasma seems to be one of the alternatives. In order to investigate the feasibility of ECR plasma as a EUV

light source, the EUV power emitted by SECRAL was measured. A EUV power of 1.03W in 4π sr solid angle

was obtained when 2000W 18GHz rf power was launched, and the corresponding CE was 0.5%. Considering

that SECRAL is designed to produce very high charge state ions, this very preliminary result is inspiring.

Room-temperature ECR plasma and Sn plasma are both in the planned schedule.
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1 Introduction

Extreme Ultraviolet (EUV) lithography is con-

sidered to be the most potential solution for 32-

22nm half pitch patterning in integrated circuits

manufacture
[1]

. As one of the key issues in the de-

velopment of EUV lithography, the high power EUV

source draws intense focus of many research commu-

nities throughout the whole world. For a commercial

use of EUV lithography, a throughput of 120 wafers

per hour will be necessary
[2]

. This requires the light

source to output a EUV power of 115W near 13.5nm

wavelength in 2% bandwidth at the entrance of the il-

lumination system (so-called intermediate focus, IF).

Except for the output EUV power, the stability and

lifetime of the light source as well as that of the op-

tical system are expected. To meet the requirements

of the lithography for EUV light sources, great efforts

have been made by many research groups on plasma

based light sources, such as gas discharge produced

plasma (DPP) and laser produced plasma (LPP), and

great progress has been made
[3—5]

. However, it seems

that both DPP and LPP meet the frustrations which

are difficult to overcome for now
[6]

.

It is well known that the radiation near 13.5nm

which is required in EUV lithography is dominated

by 4d-5p transitions of Xe XI[7] or the so-called ‘un-

resolved transition array’ (UTA) of Sn VIII to XIII
[8]

.

Electron cyclotron resonance (ECR) ion sources are

widely used throughout the whole world because of

their distinguished performance in the production of

multiply charged ions. The highly charged ions and

the hot electrons in ECR plasma provide intense ra-

diation in X-ray
[9—12]

and EUV range
[13—15]

. In addi-
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tion, it was confirmed that high temporal stability of

the radiation output can be achieved by ECR plasma.

So ECR plasma provides us the realizability of a EUV

light source with novel concept. In order to investi-

gate the feasibility of ECR plasma as a EUV light

source, the EUV power emitted from SECRAL
[16]

(Superconducting ECR ion source with Advanced de-

sign in Lanzhou) has been measured recently.

2 Experdimental setup

In order to measure the emitted power near

13.5nm wavelength, a multi-layer Mo/Si mirror, of

which the reflectivity efficiency can reach about 50%

near 13.5nm, was mounted on the axis of the source

at a distance of about 860mm from the center of the

plasma. A XUV photodiode (AXUV100) was applied

to measure the current generated by the reflected

photons. Between the ML mirror and the photodi-

ode, a movable Zr film was installed to avoid the visi-

ble light reflected by the mirror reaching the diode or

producing any signal. The product of the reflectivity

of the ML R and the transmission of the Zr film T

is plotted versus wavelength in Fig. 1. It has to be

mentioned that the EUV light we used for the cali-

bration of the ML mirror was polarized, so a factor

of 1/2 will be needed in the case of unpolarized light.

Fig. 1. Product of reflectivity of ML and trans-

mission of Zr T ∗R vs. wavelength.

We have known that ECR plasma is an intense

X-ray light emitter, and the photodiode we used for

the measurements is very sensitive to X-ray. In order

to prevent the scattered X-ray disturbing our mea-

surements, the photodiode was put into a lead box.

In addition, a lead collimator was installed at the ex-

traction side of the ion source, so that only a part of

radiation emitted in a small solid angle around the

axis could be detected. The measurement results re-

vealed that the component of the photon-generated

current induced by X-ray was reduced to below 10%.

3 Experdimental results

The EUV photon-generated currents of the SE-

CRAL plasma with 45% and 50% of the designed

maximum magnetic fields were measured, respec-

tively. The corresponding magnetic fields for 45% of

the designed fields are 1.665T at the injection peak,

0.99T at the extraction peak, 0.36T at the middle,

and the radial field at the chamber wall is 0.9T; those

for 50% fields are 1.85T, 1.1T, 0.4T, and 1.0T, respec-

tively. As we have known that Xe10+ is responsible

for the EUV radiation near 13.5nm wavelength, high

magnetic field configuration is not necessary. Indeed

it was confirmed in our measurements that low mag-

netic field configuration was more favorable for the

production of the expected EUV radiation. That is

in accordance with the performance of SECRAL in

the production of Xe10+. The incident microwave fre-

quency was 18GHz, and the power varied from 200W

to 1700W for 50% magnetic field, and from 200W to

2000W for 45% magnetic field. Xeon plasma was in-

vestigated; sometimes Oxygen was mixed to optimize

the photon-generated current. The measured photon-

generated currents are presented in Table 1.

Based on the reflectivity of the ML mirror, the

transmission of the Zr film, the solid angle range ac-

cepted by the photodiode and the responsibility of

the photodiode, the EUV power emitted in 4π sr solid

angle was estimated. The derived EUV power under

45% excitation is presented versus rf power in Fig. 2.

Table 1. The measured photon-generated current under 45% and 50% of designed maximum fields.

b
b

b
b

P/kWXXXXXXX

Id/nA
B

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

45% excitation 0.666 1.191 1.804 2.197 2.62 2.986 3.277 3.568 4.94 5.041

50% excitation 0.999 1.427 1.775 1.426 1.459 2.844 3.071 3.138 / /
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Fig. 2. Derived EUV power emitted in 4π sr

solid angle vs. rf power (with 45% designed

magnetic fields).

Fig. 3. CE vs rf power (with 45% designed

magnetic fields).

The evolution of the corresponding CE (conversion

efficiency) with rf power is also presented (Fig. 3).

Here, the CE is the ratio of the output EUV power in

4π sr solid angle to the feeding rf power. As we have

expected the EUV power increases with the increas-

ing rf power. In contrast, the CE descends slowly with

the increasing rf power. A EUV power of 1.03W was

obtained at 2.0kW rf power, and the corresponding

CE was 0.05%. It is obvious that more EUV power

could be output if more rf power was injected. It has

to be mentioned that the plasma was some unstable

due to the lead shield put in the vacuum, which leads

to the break of the measured current in the process

of increasing rf power. The sudden change of vacuum

condition was also observed at the same time.

4 Conclusion and outlook

It has to be mentioned that for simplicity the EUV

radiation emitted by plasma was assumed isotropic

during the evaluation of the EUV power output,

which is not the case in ECR plasma. In addition

Xe10+ ions are not considered to be mainly produced

on the axis of the source, which means our condition

for the EUV measurement is not optimized. Actu-

ally we expect to measure the EUV radiation off the

axis as long as the conditions permit. However, the

very preliminary results on SECRAL in the produc-

tion of EUV power are inspiring. The results imply

that ECR plasma is potential to provide the EUV

radiation which is required in EUV lithography, and

the precondition is the improvement of the intensity

and stability of the light source. We plan to measure

the EUV power on a room-temperature ion source-

LECR2M in future. In addition, Sn plasma is in our

planned schedule, since Sn is a much stronger radia-

tion emitter near 13.5nm wavelength.
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