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Patterning Technology--Lithography

TRENDS IN BUILDING SMALL THINGS

I m
M B E M O ‘ V D I P E Don Eigler (1999) in Nanotechnology {Springer)
] ]

Growing nanesstructures
in vertical direction E-beam lab

Fabricating nano-patte
in horizontal direction

Wet Etching and
Dry Etch Technology
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Optical (UV) Lithography /@

CONTACT PROXIMITY
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Fig.3 Schematics of optical shadow .printing technigues.! (a) Contact printing.

(b) Proximity printing. ‘
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Mask Aligner

Microscope
System

Lightsource
System

Alignme . .
Module Qperator's Control Panel Controeilr}l;ane '
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Light Source and Spectrum \
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Substrate Stage
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Photoresist (=& f2.) f’ A
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Resists for Various Lithography

Tabte 1 Negative and Positive Reslsts

15

Lithography Name Type Sensitivity Y
Optical Kodak 747 Negative - 9 mJ/cm? 1.9
AZ-1350) Fositive 90 mJ/cm? 1.4
PR102 Positive 140 mJ /cm? 1.9
e-Beam COP Negalive 0.3 pC/cm? 0.45
GeSe Negative 80 uC /cm? 3.5
PBS Positive I uC/ecm? 0.35
PMMA Positive 50 pC /cm? 1.0
X-Ray COP ° Negative 175 mJ/cm? 0.45
DCOPA * Negative 10 mJ/cm? 0.65
PBS Posttive 95 mJ/cm? 0.5
PMMA Positive 1000 mJ /cm* 1.0
"y
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Pattern Transfer for Resists and Lift-off
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{d) Fig. 11 Lift-off process for pattern transfer.
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Fig. 10 Details of the optical lithographic transfer process.'” Q
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E Beam Lithography
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Schematic Figure of E-Beam Writer /£«
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Variety of Electron Sources ((
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Gun of Electron Source

FILAMENT (HEATER)
lf = 2-3 A

CATHODE EHT -20 k¥

——————— — R D ('WEHMNELT) -21 kY

Gun Crossover
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Gun Filament

18.8kV x108 18.8kV x4080

#

18.8kV x3.886K 18.8rm

18.8kV
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Focus System

o Electrostatic lenses

— For positioning electrons in blanking and deflection systems
— For focusing and accelerating electrons in electron gun
* Electromagnetic lenses

— For condenser and objective lenses

|, Fgin = -Vz X By

Lower
Polepiece




Deflection System (A X

Control
Computer
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e Beam blanking amplifier
turns the beam on and off

« Deflection coils change
the beam position by
varying an analog
voltage applied to the
coils

Post-Lens

Deflettmn Coils
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¥ Derlection ﬁ Ei:

i ,f" i T
i I Dol lection
Field

Substrate Stage

e The pattern in digitized
form is converted to
analog form for exposure
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Working Stage fA \

\

o CASER
INTERFEROMETER

A pair of laser

Interferometer measure
[Y-driving motor_ [47 the true position of
stage.
2 -driving motor <7 The beam is positioned
by D/A converter and
X -driving motor nl the |nterferometer tO
reach around 1 nm
B N v resolution
Driving Sensor Transducer
Unit Unit Unit
Lo
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System Performance

e Beam Diameter v.s. Beam Current

e Beam Brightness

e Electrons and PMMA Interaction

» Electron Energy (Acceleration Voltage)
 Stitching Accuracy

o OQOverlay Accuracy and Alignment Marks
o Deflection Induced Aberration

« Defocus and Distortion

e Scanning Method

« Variable Shaped Beam Lithography

e Throughput of Shaped Beam System

e Development of E Beam Lithography
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Beam Diameter v.s. Beam Current
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Beam Brightness @
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lheam -0D€AM current

K: tant
~KBd,,

B:brightness of the gun
d . :beam diameter

beam

min-

» Brightness is related to photoresist exposure

e The following factors need to be considered when
selecting the beam current:
— Total exposure time
— Beam diameter
— Ability to locate alignment marks, focus marks, etc. :,;\

NTUEE N A Sian?




Electrons and PMMA Interaction

« Secondary electrons
— Topography dependence
» Backscattered electrons
— Atomic number dependence

e |nteraction volume
— Proximity effect

Incident
Electron

Specimen

Same electron dosage with
increased etching time
Adapted from Everhart et. al.

0.23

E, = 20.7 keV

' 1972 /
1 { ?}
NTUEE 7nan
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Electron Energy(Acceleration Voltage)
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Monte Carlo simulation of electron scattering in resist
on a silicon substrate at a) 10 kV and b) 20 kV. [From

Kyser and Viswanathan 1975]
NTUEE

29

L}

w
.
oA
w
-

\

. = .

L3 L] [
i X I
- ! -
-\q.\. _ll'
i
|'I-
f B
-
FF
Y .. %
. n il
o P . % ¥
- ]
TP gy




FIELD (An array of
32x32 subfields, each
& exposed in sequence

without moving stage,
Chip (or Die) but with different beam
Each chip usually correction values in each
forms a fundamental subfield.)

unit of wafer and is
comprised of one or
more e-beam fields

! SUBFIELD (Each S
WAFER (Most wafers ‘ primitive shape in the == E::*j
are made up of an array subfield is exposed by fif] ==
of chips, which are = v rastering or vector- !
exposed in sequences.) = @ y frc];anr;]ing th_?_ rt?ez;;m to fill =i o
e shape. The beam is
blanked between shapes.) EFTN
===
\
+@
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Overlay Accuracy and Alignment Marks

Why Alignment marks?

Because the e-beam patterns need to be aligned with
previously existing patterns

Scan of Gold Alignment Mark on Silicon
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Deflection-induced Aberrations E \ﬂ

; ( e Astigmatism
o Defocus

e Distortion
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Focal
"Plane”

Defocus and Distortion f"@

Subshtrate Surface
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Scanning Method fA X\
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-- Raster scan and Vector scan
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Variable Shaped Beam Lithography o
\(%)s;

V ~ Electron gun V

First aperture

. A 3

.- Shaping deflector

Second aperture
(Stencil mask)

Scanning

Scanning
Deflector

Deflector

e

A A SRS S S—

{(a) Variable shaped electron beam (b) Cell projection electron beam
exposure system exposure system ?
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Throughput of Shaped Beam System \@j
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Development of E Beam Lithography \ﬂﬁﬂ 4

XL

Electron projection
system

Variable shapec
beam :

Fixed Shaped
beam

Fixed Gaussian
\ beam (raster scan)

1970 1980 1990

Year ‘?J
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E Beam Photoresist

1. ZEP 529

2. PMMA -- Polymethylmethacrylate
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Basic Processing Procedure for ZEP Series :‘*

HJIM

(R

Surface In general, no surface preparation (azide from normal cleaning) is necessary. Excellent

Preparation adhesion to most surfaces.

Spin Speed 1000-2000 rpm, 60 sec. (100-1000 nm)

Pre-bake 170°C hotplate, 2 minutes

Expose 10 -20% the dose requirement of PMMA

Develop Solvent develop depending on resist

Rinse With P&

Dry By spinning or diy N,

Post-Bake Mot normally necessary.

Descum RIE conditions: 30 sccm O, 30 mTorr total pressure, 90 W (0,25 Wiom?), 5 sec. or:
Descum in barrel etcher, 0.6 Torr of cxyeen, 150W, 1 min.
Eemover 1165 overnight @ ET, or 1165 @ 707 (bath in FG room) for {30 minutes. O,

Silripping plasma etches NEB very well. Remove residual resist with oxveen RIE: 30 sccm O, 30
m Torr total pressure, 0.25 Wiom?, 5 min.

NTUEE
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ZEP Chemical Structure
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Thickness vs. Spin Speed for ZEP /£« o

ZEP Series Resists
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ZEP520 Exposure Characteristics

'_'
.
E.
v
£

"y

W0 nm
Fig. 2. Scamning electron micrographs {SEM} of ZEP-520 pesist patierns
NTUEE after developmient. Tl developars were (a) hexy] acetate and (b)) wylene.
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Frc. 1. Sensitivity curves of ZEP-520 regist developed in (A) xylene, (B)
amyl acetate, (C} hexyl acetate, (D} hepivl acetate, and (E) octyl acetate.
The resist thickness i3 100 nm_
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o

Basic Processing procedure for PMMA Resist ( \

Surface In general, no surface preparation (aside from normal cleaning) is necessarv. Excellent
Preparation dhesion to most surfaces.
Spin Speed 1000-5000 rpm, 60 sec. (100-1000 nm)
Pre_bake 170°C hotplate, 15 min., non-critical, Must be 150 < T = 200 degrees, for at least 10
minutes. May alzo be oven baked at 170°C for 1 hour.
[Expose Dose around 170 uC/om? at 40 k V.
1:1 MIEBE:IFA, 1 -2 minutes. (1:32 MIBE:IFA iz an option, offering higher resolution, but
Develop o .
lower sensitivity 1.e. higher dose.)
Rinse With IP &
Diy Ev spinning or dry N,
Not normally necessary. Flow can begin az low az 120°C. Does not seem to noticeably
Post-Bake ) . .
improve adhesion or etch resistance.
Light! (But necessary for good liftoff and clean etching.) PMMA etches very fast in
Descum oxyeen. [nan oxyvegen RIE, descum times are short, around 5 sec. In a barrel asher, times
can be around 1 minute, but beware! Do not preheat the PMMA. Bemovwal rates increase
dramatically with temperature.
Mozt solvents, including methvlene chloride and acetone will strip PMMA, as will NMP
Siripping (Remover 11650, It is removed very well by strong bases (KOH), and by acid normally
hostile to organics, such ag NanoStrip. Oxveen plasmas etch PMMA very well.

NTUEE
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Interaction between Electrons and PMMA
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PMMA Chemical Structure / X3\
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Polymethylmethacrylate(PMMA)

(I:H3 CH, ?H, "\ (I:H3
] o
—CHs—C CH, C— > —CH;—C CH, C—>
. ] ] . 4 f
- C=0 C=0 . C=0
o } C= !
~ OCH, OCH, | OCH,
OCH,
o
 CHy—C==CH, + .(s:")_’
C=0
|
OCH,

CO, CO, * CH; CH;0°
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Variety of PMMA (o)
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1. Unexposed PMMA --

2. PMMA with Moderate-dose electron irradiation
— Positive Photoresist (low-molecular weight fragment)

3. PMMA with Heavy-dose electron irradiation (50-70 C/cm?)
-- Negative Photoresist (Cross-linked PMMA)

NTUEE 47 ﬁﬁdu
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Combination of Positive and Negative PMMA/ \Mj

“¥,
|"

..........

M o e e

I EEEEE] b g
Subenrane meetalisation P B A Cross-hinked PRIS A

Figure 2. Schematic representation of the high-rasolution negative rasist process.
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NTUEE

Figure 3. (a) A hola in crosslinked PMMA, in the middle of
a $pllt£ate gap. (b) The full device, the dark rectangle is a
layer of crosslinked PRMBA. The layer insulates the
split-gate davicas from the long top gate {(horzontal bar)
which connects o the cantral dot gate via tha holes in the
PMMA (sea (a)).
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Wet Etching for GaAs and Si f’ AY)

Table2 Etchants for Silicon and Gallium Arsenide Exnd
Semi- ' Etch Rate
Conductor Etchant Purpose Composition (pm/min)
Si. CP-4A Polishing 3 ml HF 34.8

or lapping 5 ml HNO,
3 ml CH,COOH
CP-8 Polishing 1 ml HF 7.4
2 ml CH;COOH
- 03g1,/250 ml
solution
staining etch  of Junction '

depth
~ Orientation- Groove 23.4 wt% KOH 0.6 for < 100>
dependent etching 13.3 wt% 6 x 1073 for <111>
etch , , Propyl alcohol
‘ 63.3 wt% H,O
GaAs  H;SO~H,0,~ Polishing ~ 8mlH,SO, 0.8 for <111>-Ga
H,0 System 1 ml H,0, 1.5 for all other
1 mlH,O - _
H;PO4+~H,0,- Polishing 3. ml H;PO, 0.4 for <111>-Ga

H,0 System I ml H,0, 0.8 for all other ?
50 ml H,0 ~. ‘ i
NTU._C A nan

50




Orientation-Dependent Wet Etching

Si0p

5

///L // @

o
JJJJJJJ

J : FEEEH “1
[ ' '
204 [, 20

: D .
SN 7 / A
) ] N r I ] ) ] N / /(110) / by

80 60 40 20 /// g
< Hp0 (%) 4 // /
4 ¢ Z
ig Isoetch curves for GaAs (H,80,:H,0,:H,0 system .
. Fig. 24 Orientation-dependent etching. (a) Througin window patterns on < 100> -ori
silicon. (b) Through window patterns on < 110>>-oriented silicon.?
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Wet Etching for Insulators and Conductors |

W

Table 3 Etchants for Insulators and Conductors

Material Etchant Composition Etch Rate
28 mi HF
Si0, 170 ml H,0 | Buffered HF 1000 A /min
113 g NH4F
15 ml HF
10 ml HNO, ! P-Etch 120 A /min
300 m! H,0
SizN, Buffered HF 5 An/min
H,PO, 100 A /min
Al I ml HNO, 350 A/min
4 ml CH;COOH
4 ml H;PO,
[ ml H,0
Au 4 g KI I pm/min
| g Iz
40 ml H,0
Mo 5 ml H3PO, 0.5 ym/min
2 ml HNO, ~
4 ml CH;COOH
150 ml H,0
Pt I m! HNO, 500 A/min
7 ml HCl
8 ml H,0
w 34 g KH,PO, 1600 A/min
13.4 g KOH

33 g K3Fe(CN)g
H,O0 to make 1 liter

NTUEE 52
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Dry Etching with Plasma

- -
ETCH GAS —=— —— PUMP

=

/ \ —— GROUND SHIELD

(@)

/ \- CATHODE
WAFER
RF
UPPER ELECTRODE

RF SIGNAL WAFERS

DAISIY, A

LOWER N'N
ELECTRODE AND E“E¥EFNXDER
WAFER PLATEN \

GAS RING _J t gas
GAS— PUMP

; 3
Fig. 27 (a)A sputtering-etching system. (b) A parallel-plate, plasma-etching system.

(A" == ==

O3

(b)

" (1) GENERATION OF ETCHANT SPECIES /'

(2) DIFFUSION TO SURFACE

d
— e a— e w— .

.
—— ————a ——— i —— ——t w—— — —

{4} REACTION

(3) ADSORPTION (5) DESORPTION |AND DIFFUSIC
INTO BULK

11111 .

Fig. 28 Basic steps in a dry-etching processing.2?
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Comparison between Dry and Wet Etchings @

-

FE

RESIST
(MASK)
(a)
INSULATOR —=1 7 |
FiLM ‘
SEMICONDUCTOR
£
(b)
hff © Ag=0
(c)
Ag=1
NT U E E i’-‘ig. 26 Comparison of wet chemical etching and dry etching for pattern transfer.?? E :fu;u i
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Various Applications ;‘}VE \ﬂ
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1. Nanostructures
2. Bilology

3. Optoelectronics
4. Electronics

5. MENS
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Quantum Dot Array
250 nm % EEEE

10 nm Lines
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500 nm Pillar Array

NEL (Nano Electronic Lab)

With 14 nm lines
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Biochip— Nose Chip

Lit)

insulating polymer matrix
J/  ,conducting element

FIEEEEITE]

=
L
-
-
-
-
ib) =
=
-
80% poly(butadiene)'20% CB composite 3
linear response to diverse solvents
31000
2500 o
g 2000 4 Fropanal
E =l benzens
gl - L (e
: 150 9 iy b o
u i
¥ 1.000 )
o
"
0500 7
0000 ' + ' T
000 050 1.00 1.50 200 250 300
% vapor pressure

. - i i i i Photograph of a “nose-chip”, with 12 columns and 6 rows, each
Fig. 1a Swelling occurs as an odorant partitions into the polymer. (b) A | . : i _ . |
linear response of an individual sensor signal as a function of havmg a different polymerlc sensor combination and each p|Xe|
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Fig. 1: Block diagram of a cochlear auditory prosthesis.
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Optoelectronics--Photonic crystals
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INP Based SHBT

Se [um] 1.2 0.75 0.5 0.25
We [nm] 150 70 70 70
Wg [nm] 50 20 20 20
We [nm] 560 150 150 150
SC [um] 3 1 G.?S U.S
Spy [nm] 700 300 300 300
Sent [nm] 0 375 375 375
Seap [nM] 200 200 200 200
fi [GHz] 115 = 290 305 315
finax [GHZ] 170 = 405 525 755
t. [ps] n/a 2.6 2.3 1.9
BR [Gb/s] n/a 115 130 160

Figure 8: 40 Gb/s InP/InGaAs-SHBT 1:4 DEMUX
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25 nm CMOS Omega FETSs

Si Body

o

Buried oxide (@)

Ty, oL

Ll ,;.'  Buried Oxide

Buried oxide ©

Figure 3. Schematic diagram showing the cross-section of the Q-FET

Figure 2. Schematic illustration of the fabrication of CMOS Q-FETs, : § . :
through the dashed square in Figure 2 (¢). The silicon body is almost

including:
(a) Si patterning for active area, with cap oxide on top of the Si body; wrapped around by Q-shaped gate except for the bottom center portion of
(b) Sacrificial oxide growth and sidewall silicon treatment for obtaining the silicon body.

smooth surface; followed by cap oxide removal and the undercutting of
buried oxide under silicon body; and

(¢) Gate dielectric formation, gate deposition, and gate patterning. In this
work, in-situ doped N+ poly silicon gate is adopted for 1.0 V version, and
N+ and P+ dual-poly Si gates are adopted for 0.7 V version.
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MENS— Comb Drive Resonator

A CMOS amplifier is under the resonator m
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A Promising Future
|s Based on
Micro Integrated Circuits and Nano-
Technology

EXCITING TIMES ARE AHEAD OF US!
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