PMMA

3-6

split gate

insulator

PMMA

Alpha step

1 cm/nC

3-7
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3-6

80-90nm

10-20nm

Alpha step



scattering

NPGS

proximity effect

~1000A

line spacing 50nm 50nm

0.8-1.05 cm/nC beam blanker

3-8 a b
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8.5k

120nm

50-70nm
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4 cross-gate

3-9

3-9

32 lithography

photolithography e-beam lithography
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I photolithography

(mask aligner)

2um( )
(ex: )
Suss MJB-3 i-line 320nm

(reversal bake)

(lift off)

(a) (clean substrate)

(ethanol)

(b) (spin coating)

(NH4OH:DI water = 1: 15)20

AZ5214E
10 sec 1000 rpm
40sec  5000rpm

38

200-400nm

Karl

AZ5214E

(flood exposure)

(acetone)



1.4um( alpha steper )

(c) (prebake)

(hotplate)
(oven)
90°C
90
(d) (exposure) (alignment)
(contact printing)
(~1pm)
(dosage)
320nm
5mW/cm®
60
(e) (reversal bake)
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120°C
90

€3] (flood exposure)

320nm
5mW/cm’
98

(2) (development)

30~40

AZ400K DI Water=1 4

~25°C

35
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[ (E-Beam lithography process)

0.1 4m

(Scanning Electron Microscopy SEM)

(30KV)
(Nanometer Pattern Generation System NPGS)
(beam blanker )
Design CAD( ) NPGS
beam blanker (PMMA)
(charge effect) (proximity effect)
PMMA

(a) (clean process)
(b) (PMMA priming) (spinner)

(PMMA)

950PMMA (A5) MicroChem PMMA (PMMA
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() (pre-bake)

180°C 5

(d) exposure NPGS

(e develop
( MIBK IPA=1 3
) PMMA
25°C 75 IPA( )
30KeV! — 40KeV
3-4nm
33 (wet etching)

shallow etching

(doping layer)

(~100nm)

42

25~30

beam size

50-60nm



1 8 160

34

shutter

HzSO4 H2O2

1200A/min

thermal evaporation

(tungsten boat)

(source)

mechanical pump

2x107torr

3x10 torr

43

3x 10 °torr

(turbo pump)

DI water

4°C



d 8.5x10torr

800V

e 3x10%torr

(crystal monitor)

( 1~2A/sec)
3-10
R
\‘J | sENSOT
;m-;lt
high waltags ring
Illll u ::uurﬂ
I:Har Suppl y
—
[ X
E:l.':f;l.al
Turbo Fusp Monitor
—lj | Fomer
Supply 11

||

Bechanical Fump

3-10
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3-5 annealing

(annealing)
100A
2000 A 1000 A 700 A Ge Au
Ga
Ni
(quartz tube) (quartz boat)
purge
(N2 Hy=
91

Turbo pump POIANE  p e Gas

! v
i

‘ ThermiEl delecniain

ruaris

4

Samiple

Dunriz basmwi

L LT FTT I
Merles 9432

3-11
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3-6 cryostat system

20K 0.26K

MP

exchange gas

SHe
*He
1K-pot
1K-pot

*He

40K
condense

sorb

77K

4.2K

(needle valve)

4-50

*He

1.5K

‘He
dilution

*He

300K 1.5K

20K 25mK

sample space

300K 77K

‘He

sorb

*He

sorb

0.26K 3-12  °‘He
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LN,

needle valve

0.3K
LHe
40K
1K-pot
sorb

1K-pot  *He-pot
He

*He



Sorption pump
(or sorb)

at 45K at <10K
L~

Pumped liquid
“He in 1K coil

/__,./’

[
-
[ ]
L.
]
-
o
i
L

1K pot

Vapor pressure
of *He reduced

‘He
condensing

3-12 *He
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3-7-1

4.2K

kQ

Keithley220

3-13 a

b

Keithley 182

2DEG
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< —

DD DD

kQ

77K

71K

kQ

4.2K



(

Vo= (1 2820RR
i ~ 0

V = 43R

R = V/ I+ 2R20RR

= ( H2iiRR R

77K 0.1-0.2V

scattering point

thermo-cy _ ~cooling rate

IR illumination

3-7-2
metal gate mesa 90nm
GaAs/AlGaAs
1V-2V
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-1V SnA -1V

0.01nA
3-14
ampere per voltage 0.00InA sensitivity 107
A/Volt gate
0.4V 0.01nA
a b
— | gate |-MA—| mesa —| gate —\/\AV\/— mesa
Rs s
battery —2¥ battery 7_1
3-14 a b R
3-7-3
0.3K 1
(Constant current measurement) 2 (Constant
voltage measurement) 3 AC AC pumping current measurement
1 AC constant current measur ement
(ac current source) EG&G 7265
1 200MQ source
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drain SnA
(V) (pre-amplifier)SR560
back) EG&G 7265 Keithley 2000

GPIB

(voltage sweeper)

SR560

kK

ke

V+

|+
Feed bac|

EG&G 7265

2 AC constant voltage measur ement
EG&G 7265
kQ nA
1121
V/nA Keithley 2000

Coulomb Oscillation

3-16
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(feed

3-15



I 1121

V+ l V-

I EG&G

Vrms=20uV
4—

Feed bac

n

battery

3-16

3 AC AC pumping current measurement
AC

couple ,‘ “91Hz
e

3:-17 —¢ pulse

. 4“(: b -
. % THSE F g

% pumping v

V, sin ot ol
Ssec
WY < 7 = — -
V, sin(wt + @) 1/91 sec
Y < 7 = — -

p 1
360°  f

-

t(s)

3-17 AC AC
¢
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Agilent 33250A Agilent technologies E§257C
33250A 80MHz E8257C 40GHz
AM amplitude modulation V, =V, sinwt
V, =V, (1+msin o, )sin ot m=1 -1 o, modulation frequency
91Hz
Agilent
33250A AC 91Hz AM
Ref in
3-18 3-19
33250A o
madulation in
v, i 38250A
< ) 10M
I Outplit
V+ V+ [
[} ] E8257C sync
3O in [
/-\—‘_Output
—
V, sif wt + @)
/\ I ’ ExT 1i put
battery E
— SR560 EG&G 7265
Voltage A‘ A
M IRYA
preamplifier | A Ref in
i Feed back i
3-18
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V, sin(at + @)

e ®
V+ V-
V, sin ot
4D
A~ ®
battery ”

-

3-19 AC
AC
labview

I-bias=0

Keithley 2000 GPIB
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