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INntroduction

* Significance of overlay control

Original design Fab implementation (ideal): Fab implementation

1 via, 2 grating, 1 blocking masks with overlayerror
Via mask \f —> —>

Overlay error between
Metal grating Blocking mask (to form

grating masks
Ove rl ay CO n t ro | (2 masks) line ends in metal pattern)
. a, I Overlay error between
I S C r I t I Ca | H blocking and grating masks

= risk of metal-metal shorts

Overlay error between
grating masks
2 risk of via opens
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Introduction

* Significance of overlay metrology

5D Analyzer®

Overlay APC control Model
(host) Corrected Data

Add
Corrections

!

Litho Overlay
metrology

High sampling rate
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€« I DI-F| Bias |

> Correction set validation

WMA/EWMA and update

e

Etch Overlay
Metrology

Low sampling rate
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Overlay metrology
IS Important for
process monitor
and control!
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* Why we need a traceable overlay metrology?

Nontraceable case National S| Traceable case
p— e [ T e
Fap A 1| Golden | teol I O [oE] oo :_T 1] [Tool 2] [Tool 3]
a | tool A Ifmatching : 29 20 | d Reference :matching i 00 00 00 |
| | ] standard R
Fab B | Golden : Tool i_ L tool Tool I |
a | tool B [Tmatching : Tool 1| |Tool2| |Tool3 | i matching | Tool 1| |Tool2]| |Tool 3 |
| o T | T
|
Design || EDA | | EDA |
house | design |, Precision, bias, no accuracy '|  design i Precision, bias, accuracy
L e o — — I e — ——
Nonuniform, incomparable Uniform, comparable
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Introduction

* Two types of overlay metrology

Image-
based
overlay
(IBO)

Diffraction
-based
overlay
(DBO)

M= 21F

Target

Ax=(w, —w,)/2
Ay =(w,—w,)/2

AR 75

-d+gX d—l—gX
Y OVL —— | | —

-d—l—é‘Y d—i—gY
1) /=|
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Tool

Traced to

I
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Reference

standard sample
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ml LLLEL I
S i W
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L]
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L
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NIST SRM 5000

Reference
standard tool

NIST OMT

There is no

DBO
reference
standard!
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Principle of traceable overlay metrology

* Theory of conventional DBO metrology

Offset = f; + Overlay

TTiTE
—

Target

SIHT N\AS Sl(_l.T AN\

»
Continuous parameter
(h or 9)

Differential sighals
D, =5"-s"
D, =55

Theory

For small overlay
D, = K(f, +Overlay)
D, = —K(fo —Overlay)
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Offset = - f + Overlay

11111
—

[ [

Continuous parameter Continuous parameter
(A ore) (A ore)

D (1,0)
V
offset
D

» Overlay = f,

© CEPREI

Continuous parameter

(A ore)

D, + D,

DI_DZ
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Stacked grating structure

\

Hard to characterize buried
layers nondestructively

v

Hard to verify by
comparison

Empirical calculation model

\

Overlay is coupled with
process asymmetry
(such as etch bias)

\

Cannot be traced to Sl
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Principle of traceable overlay metrology

* How to design a traceable DBO metrology method?

_____________________________________________

————
Wy W) | DBO startlng ! Structure
value arameters
| || |J | L~ lp ]

| L | :

: : . : |
| o ———— .

! : I I h, a-Si | A priori 1
! Snm, 810, L ﬂ°ﬂat'_°"/ I
I :
I 1
|

Optimiza
tion

Rigorous .
gEM Output Calculat N
i T ncident \ ; results | ed DBO |
Substrate, Si | Incident modeling —_—— —
conditions

A
Y

a T

Measured diffraction
spectra D o e e e e mmmm e

Monolayer grating structure Rigorous calculation model

1. Can be verified by AFM nondestructively.
2. Full profile measurement, traceable to Sl.
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Design of sensitive standard sample

* Design of reference standard sample

8 inches bare wafer 8 inches processed wafer Overlay chip Overlay
reference
chip
Requirements Solutions Tape out Die sawing Calibration
1 1 v — v
In application: Sample should be
Varisized wafers for wafer size. EEEE

different metrology tools

Embedding process
In verification: Sample should be Carrer wafer 725+20um Il i
Easy to measure by in-lab  chip size. —— — - Overlay /
i nSt rU m e ntS (A F M ) S E M) e e Trenese = .y // Carrier wafer
for comparison Varisized overlay reference standard samples o

!

Design:  chip on wafer .

4 inches 6 inches 8 inches 12 inches Overlay metrology tool
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Design of sensitive standard sample

* Design of reference standard chip

f0+0VLy . . o
1 5nm, SiO,
Substrate, Si
—foTOVL, —f0+0VLy
B 10pm

h, a-Si

Grating pitch: d =1lum
. =+
O f,: presetoffset, 75nm Total offset: L=xf,+OVL,,
O OVL.: overlay on x-direction, —75nm~75nm Total width: w=w +w,
O OVL,: overlay on y-direction, —75nm~75nm Distribution factor: o =—"2
W +W2
=z 2 1]
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Design of sensitive standard sample

* Design of reference standard chip

A priori
information
Pitch
n&k A 4
solver scattering
Line width (FMM/RCW image
Resist height A) g
A
Wavelength v
Polarization Sensitivity DBO
Map sensitivity
l
Sensitive
illumination
Line width Wavelength
Resist height Polarization
Optima of
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sensitive target:

© CEPREI

Distribution factor

Overlay sensitivity (u m'1), h=140nm

045 X: 0.61
Y:0.37
0.4 Level: 0.6437

0.25 X: 0.44
Y:0.17

Level: 1.436
@)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Total width (pzm)

o
o

o
N
o

e
—

0.05
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Resist height: /4 =140nm

Line width: w, =365nm w, =75nm
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Prototyping of standard apparatus

* Design of standard apparatus

laser source

SR

N
Traceable to v" Subsystems can be evaluated N Integrating -~ R N
national Sl and traced to S| separately. CA —|— Sphere) \\
Y ) \\
: : : : HWP \
Prefer high v" Narrow linewidth laser is }
: Rotation
accuracy than better than broadband light \ |
high throughput source. ‘\ Stage
: : DBO
v" Flexible to set various M BS LP \\
configurations to obtain standard
enough diffraction spectra. iamIO'e
\\\ ////

~—_———

Optics diagram of standard apparatus

=z 21 BRFE &3 © CEPRE 12

SCIENCE IMPARTIALITY SERVICE VALUE




Prototyping of standard apparatus G

* Schematic of standard apparatus

————— 1
: Laser Beam | bBO | Beam
Optics —> . > standard —> . > Detector
source preparation I | analysis
1 __Ssample__|
Sample
adjustment
Mechanics t
Sample Auto-
rotation tracking
Electronics
Software Modellling : Instrument : Data.
analysis control processing
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Prototyping of standard apparatus

* Prototype of standard apparatus

BEZRAEE ORI T S

ahsn 10
Ao o | m ama | w £
BEh 5 nm B2 13 m b3 5
&
BEh2 140 nm EHAEL 50 am ‘;« |
' i
ob— |
MRS Astss S ) 9 o0
Nata(?)
s omrand 20 [ sz | L 7 mz - x
BESEEN 14701 £
. REFHE 4 200000422 LT 5@ i FEE S kB b
Beam anal SiS X L 7RG FE IR IR0 Ak B A A
=2
o \_ /
i s e ob——>— | sy FRERRT AR
T -100 50 0 50 100
() @ 2o | nm o R sorame |mm | | asAEu) | oo BE | 116
P ‘ ‘.“'!,‘ o] [m] 5 m o[ g 1972627 nm o) | 003 | om EEuh2) 289 m
i B [~ S0 (ml ) uo | om Esgg | 72eest | om ASRU) | 003 | c #Euw) | 237 |nm
i H hy
. i = w71 0 om [ ama 05 BMuG) | 01 | nm #Eee2 | 460
’ ! Substate 20 L At
| %
; B8NS [35027+0.019 win [ ws |
L 0100 50 [ 50 100 HESA nasn
} o ABHi() REARE | 14751 L343 |[EEE 7 memgsE | 41767

3

‘ RIEH8Fn2 4 206340427 eeEER | 25 |0 WEFREE) 14161 | n

. . )
Modelling analysis software
15
< ’
' .
(@ Eumens e =) osl
FoaE s ez
— BEE0 MRC) w0 KA EKE  (RRES % = 4 o 1w 2 w® 40 20 o 20 40
1 w0010 1200 w2s ABHi(%) ASHi(%)
Fig1 o) 03
& - ERAEC)  REEEC)  SUREC)
m o e s s EEEE) Dat 1 ft
ata processing software
35% 6.0%
3%
~ | 25% . T
= & % o » 40% ]
\ < 10% S
05% \l
00% - 00%
-30 30 60 -30 30
RO A

Hardware of standard apparatus

Instrument control software
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Prototyping of standard apparatus

* Traceability of DBO

Measured
diffraction

T B
pey thagm )
WEED @ v)  wmer w MAMe utmken  meex (BEGE
sme 000w B U —|
f 1) o
(=2 (7] mm REAEC)  REERC) LAEC) [FHGME
B (Zem) W RO ce - : HHHE
TR
30%
8o g
& £
= 15% =
=2
o
» » 0 E)
P ABR ()

Instrument control and
spectra gathering

spectra

ﬂ Data
processing

SR B SR AL TR P
i e || e
Om m w2 -
— L m [ xRl 66 otwl) I
) ow . Cona . e
Uncertainty o Asi
sources I—) o e
evaluation e
— — 6 o
< ::‘
” e L ey
\
Measured
DBO
DBO .
uncertainty
value
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. Uncertainty
Uncertainty of of incident
wavelength
angle

Uncertainty Uncertainty

of spectra PrOpagatl.on of sample
gathering ‘ of uncertainty ’ structure
based on
Jacobian

matrix model

A 4

Uncertainty of
overlay

u’(p) =(opop’ )~ (5p)(p)’"
= <GpO (51]“" —Jqoéq)(én“" —Jqoéq)T GPOT>
=Gy (N (ON™)") G, +Gyod o (94007 )I, "G,
= (;pO112 (nexn )GPOT + (}pOJqOuz (q)JqOTGpOT

=u; (p) +u;(p)
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Results and analysis

* Measurement of samples with nominal DBO value of 50nm

= - X
] ok N Nna=es
AR FE RN I R AL P —
y L [nm] w;[nm] w, [nm] Uncertainty sources
components
SIS THREERFGR )
[ AtAd 1200 nm [ EEwl 297.3366 | nm #1843 u(n) 0.001 EEu(h1) 116 nm TVDe A evaluation
BB 5 nm o [7] EEw2 197.2627 | nm () 0.03 nm  BERu(h2) 239 nm Spectra gathering
o 0.27 0.38 0.30 0.001
O EEh2 140 | nm Ezligzl 726651 | nm EERUE) | 003 0 HRuwl) | 23p7 | mm repeatability
(1 EEn3 0 nm o [] SEHA 05 El#Ru(d) 0.1 nm SERuW2) | 46048 | nm Type B evaluation
RS M BT
B Hins |3.8627+0.019 e plaza Incident angle 6 0.12 0.16 0.09 0.03°
BEFHEN | 14761 RIRES TV HESA ewnse | 41767
_ L Wavelength A 0.01 0.03 0.02 0.03nm
BEATHEN2 4 2063+0 422 EE3-E it 2.5 weTRER) 14181 om
Period d 0.01 0.02 0.01 0.1nm
2 6
; 5 ’ Thickness /, 0.44 1.82 4.49 Uniform dist., +2nm
1.5 ! —_ A
e Ay .. . . .
- /'/{ g4 ST T TN Thickness , 1.32 1.45 0.98 Uniform dist., £5nm
Q:"‘T 1 s E 3 P 4 : N
. , &, N Combined type B uy 1.39 2.33 4.60
0.5 B 7 n: - N
- N - 1 . .
h Combined uncertainty u, 1.42 2.36 4.60
0 0
30 20 -0 0 10 20 30 -60 40 -20 0 20 40 Expanded uncertainty U
AH(%) NI () . (k=2) o 2.83 4.73 9.21
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Results and analysis

* Measurement of samples with nominal DBO value of 50nm

Section

N PP P
100
104.0 nm
(R
[
0.0

GDl
S0

nm 05 1 15 2 25 3 35 4 45 um
Spectral Period 0.539 #i Spectral Frequency 1.67 A1t
Spectral BMS Amplitude 51443 pm- Temporal Freq: 0.00 Hz

-120.3 nm a0
! %
1: Height Sensor 5.0 un ol |
0 T S R .
nm 10 20 30 40 50 fum
Fair Harizontal Distance Wertical Distance Surface Distance Angle Fimnax Rz Fiz Count Fimz Fia [Freguency Cutoff] Fre ™
1 0.303 (¥1) -50.455 (pm) 0.304 (#1) 4741.702 (pm) 0.000 (pm) 58719.297 (pm) 65103.363 (pm)
0 0.000 (#H 0.000 (pm) 0.000 (¥ 0.000 (pm) 0.000 (pm) X 0.000 (pm) 0.000 (pm)
0 0.000 (¥Y) 0.000 (pm) 0.000 (#Y) 0.000 (pm) 0.000 (pm) X 0.000 (pm) 0.000 (pm)
0 0.000 (#1) 0.000 (pm) 0.000 (31) 0.000 (pm) 0.000 (pm) 0.000 (pm) 0.000 (pm)
0 0.000
1] 0.000 (#1H 0.000 (pm) 0.000 (¥ 0.000 (2 0.000 (pm) 0.000 (pm) 0.000 0.000 (pm) 0.000 (pm) 0L
>

AFM 68.5 303 205

DBO Standard apparatus 72.7 297.3 197.3
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Results and analysis

* Measurement of samples with nominal DBO value of 150nm

W mEme - X
L b 3 =R
B 7R B I AR AL A Uncertainty .
L [nm] w;[nm] w, [nm] Uncertainty sources
components
EHEE A HRTE B R R Type A evaluation
[ Aead 1200 nm =300 320.1488 | nm LiEEu(n) 0.001 ERu(ht) 1.16 nm i
= 5| m o [gmw 201 | mm gy | 003 om BEum) | 289 | nm Spectra gat'hf:rlng 2.20 1.44 1.29 0.001
repeatability
[]Eh2 140 nm EHREL 149.8839 | nm AR u(6) 0.03 ° HIu@) | 42046 | nm
[ E=ns a0 | om [JamHA 05 B | 04 om HEu2) | 15503 | om Type B evaluation
HHEH AREH ) .
B8 Fns [2.8827+0.019 gL [ 628 | om s Incident angle 0 0.16 0.33 0.18 0.03
el o L T = namsse | 412 Wavelength 4 002 002 0.04 0.03nm
BERA%N2 4 206340422 BRE¥E 25 BETRERL) | 47756 | nm )
Period d 0.02 0.01 0.04 0.1nm
0.8 12 . . .
’ Thickness 4, 3.30 3.91 0.28 Uniform dist., +2nm
10
oo 3 Thickness &, 1.45 0.98 0.79  Uniformdist., +5nm
- N / < ° .
o - \ Y § ; T Combined type B ug 3.61 4.05 0.86
\ - . ~
0.2 s x - I . .
a1 N Combined uncertainty u, 4.23 4.29 1.55
\
0 2 . i
30 20 10 0 10 20 30 -60 40 -20 0 20 40 Expanded uncertainty U 8.45 8.59 3.10
NH() NRH() (k=2)
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Results and analysis

* Measurement of samples with nominal DBO value of 150nm

Section

|S| w22 e
¢ " 100
£ 1088 nm ' '
nm 0s 1 15 2 25 3 35 4 45 um
Spectral Period 1.19 3} Spectral Frequency 0.841 A
. Spectral AMS Amplitude 423 nm Temporal Freq: 0.00Hz
-126.1 nm 40
30
T 1 20
0.0 1: Height Sensor 5.0 uwn 10 ‘
T T . L
nm 10 20 30 40 50 Jum
Pair Horizontal Distance Wertical Distance Surface Distance Angle Fimax Rz Rz Count Fimz Fa [Freguency Cutoff] Fre ™
1 0.313 (#) 2.025 (nm) 0.314 (D) 4.558 (nm) 0.000 (nm) 62.426 (nm) 55.741 (nm)
2 0.000 (¥ 0.000 (nm) 0.000 (1) 0.000 (nm) 0.000 (nm) X 0.000 (nm) 0.000 (nm)
] 0.000 (¥1) 0.000 (nm) 0.000 (i) 0.000 (nm) 0.000 (nm) X 0.000 (nm) 0.000 (nm)
0 0.000 (#1) 0.000 (nm) 0.000 (#1) 0.000 (nm) 0.000 (nm) 0.000 (nm) 0.000 (nm)
0
1] 0.000 (#1) 0.000 (nm) 0.000 (#1) 0.000 (2 0.000 (nm) 0.000 (nm) 0.000 0.000 (nm) 0.000 (nm) 0x v
< >
DBO Standard apparatus 149.9 320.1 201
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Conclusions

* Summary
* Developed a traceable DBO metrology method
* Designed a new type of DBO reference standard target and apparatus

* Experiments show uncertainty of (3~9) nm for DBO value of (50~150) nm

e Future work

* Design and tape out of reference samples with smaller DBO values
* Function optimization of reference apparatus (auto loading, wafer

mapping, etc.)
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Thanks for attention!

Q&A

For more information:
* CEPREI Cal: www.ceprei-cal.com *  Wechat:
e CEPREI: www.ceprei.com

Lin Yang CEPREI Cal
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