17839338
‘IT?D (19)F E RET B E A
/J F (2)%ARAENEA (ADEERH: TWITSI88B

Intellectual

Property (45)/1—}%5 . ‘P%R‘@ 111 (2022) -#‘ 11 H 21 E

Office

Ql)# 3£ 1 107112756 Q)8 FHERE 107(2018) £ 04 4 13 B
(51)Int. CL. : GOITI/I6  (2006.01)
(30)VE 448 : 2017/04/14 £ 62/485,497
2018/04/11 £ 15/950,823
(T1)d35 A 0 £ % R3E %2 3 (£ B) KLA-TENCOR CORPORATION  (US)

(T2)E$PA A - 471t ¥ % % %4220 V SHCHEGROV,ANDREIV.(US) ; $ 24 REEE
% ¥ % GELLINEAU, ANTONIO ARION (TT) ; #LE# ¥ & % ¥ ZALUBOVSKY,
SERGEY (US)
(THRIEA - KX
(56) %% X Bk
TW 2015430032 Uus 2016/0320319A1
WO 2017/044283A1
FEANE TRABE
PiFEASE A 37 B X812 # 58 A

(54) & 4%
BENAEXHEUFEZTAL
()&

AXPHEAWE G BA AT EAER OHEZEEND AL X SRS R E(TSAXS) & #4514t
ICFEREBLRFTAMMREZT AR AGL AXFTHAEZSRET XA AKRTRASANELE B
NZALRREREZFIREEZEETZ Q BRMBME - — KT X AxHE AR )B
BEREZHNGBAADEHHBAHREBZERETH MRS - £—LFwmoF > KARLAF I

Pk B(PSF) 2 — & AR AT B AR R 25 DASR AR ST & pg Q ARAT L 2 1AR) &5 PSF R4 - A2 — 4L F 3615
FoRAR SR BATHATRREFFAMNEZ—ETFEXEoMUATRFEEERM—AH AT -
A—EFRAF  RTAHMEZSI > ZANB TN — RS A HELTRE -

Methods and systems for characterizing dimensions and material properties of semiconductor devices
by transmission small angle x-ray scatterometry (TSAXS) systems having relatively small tool footprint are
described herein. The methods and systems described herein enable Q space resolution adequate for
metrology of semiconductor structures with reduced optical path length. In general, the x-ray beam is focused
closer to the wafer surface for relatively small targets and closer to the detector for relatively large targets.
In some embodiments, a high resolution detector with small point spread function (PSF) is employed to
mitigate detector PSF limits on achievable Q resolution. In some embodiments, the detector locates an
incident photon with sub-pixel accuracy by determining the centroid of a cloud of electrons stimulated by
the photon conversion event. In some embodiments, the detector resolves one or more x-ray photon energies

in addition to location of incidence.
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Methods and systems for characterizing dimensions and material
properties of semiconductor devices by transmission small angle x-ray
scatterometry (TSAXS) systems having relatively small tool footprint
are described herein. The methods and systems described herein enable

Q space resolution adequate for metrology of semiconductor structures
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with reduced optical path length. In general, the x-ray beam is focused
closer to the wafer surface for relatively small targets and closer to the
detector for relatively large targets. In some embodiments, a high
resolution detector with small point spread function (PSF) is employed
to mitigate detector PSF limits on achievable Q resolution. In some
embodiments, the detector locates an incident photon with sub-pixel
accuracy by determining the centroid of a cloud of electrons stimulated
by the photon conversion event. In some embodiments, the detector
resolves one or more x-ray photon energies in addition to location of
incidence.
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