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Motivation

Ge, , Sn,

Sl .,Ge,Sn,

Advantages:

- effective band gap engineering -
 high carrier mobilities -

* integration in silicon based processes
 optoelectronics and nanoelectronics on same chip

—>

optoelectronics

same chip
<€ >

nanoelectronics <€

Source Channel Drain
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Junction-Less Transistor



Transistor fabrication — general process flow
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Transistor fabrication — 2:0

Material analysis B Geg 04SNg 06 —/

)
s
O
S
=
3

Wu ¢1°£6

s | 3/7/2022 HV curr | WD mg ® fpb————300m—————————

4:05:02 PM | 5.00 kV | 86 pA | 4.0 mm 350 000 x Steuer A5186 GeSn

i : DRESDEN ﬂ .
7 14.10.2022. Group IV semiconductor alloys: Concept _DR

From material towards first Junction—Less Nanowire Transistors e bl ‘



Transistor fabrication
Material analysis
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Material analysis BN GeoosSNoos |
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Transistor fabrication —pn
Material analysis B GeesSNg o6
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Electron Beam Lithography (EBL) Development

Transistor fabrication 2:0
2

Patterning of NW BN GeSn
HSQ

1um long NW HSQ Nanowire (NW) width:

\' « 50 nm
. . Lo ‘ Ge0.045MN0.06
« 20nm R 5

200 nm _ _ . . B
EHT =10.00 kV Mag= 60.00 KX Time :8:32:42 DR

WD = 9.3 mm Signal A = InLens Date :15 Mar 2022

EHT = 10.00 kV Mag= 5.00 KX Time :9:54:16 e
WD = 9.1 mm Signal A = InLens Date :1 Mar 2022 HRcoR

200 nm
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Development |::> Dry Etching
Si

Transistor fabrication &%E —
I GeSn

Dry etching
HSQ

200 nm .
. EHT =10.00 kV Mag = 60.00K X Time :7:27:46 2 =
EHT = 10.00 kV Mag= 60.00 KX Time :8:32:42 St ] f i WD = 92mm Signal A = InLens Dete 16 Mar2022 T

— WD = 9.3mm Signal A = InLens Date 15 Mar 2022

F-Based RIE:

* High roughness

* Shrinking of NW

- Process needs to be
optimized

200 nm

EHT = 10.00kV Mag= 6000 KX Time 7:69:48 s
WD = 92mm Signal A= InLens Date 17 Mar 2022 (==
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Dry Etching E:> ALD
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Transistor fabrication !
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Gregory N. Parsons , Steven M. George , and Mato Knez , Guest Editors;
Progress and future directions for Atomic layer deposition and ALD-based chemistry. 2011
DOI: 10.1557/mrs.2011.238
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ALD E:> Contact formation
Transistor fabrication sio, / H
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Transistor fabrication
Device analysis

Transfer characteristic
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Si
Sio, Top Gate fabrication

Transistor fabrication B Gesn _/_g_/

Top gate fabrication AlLO,

PMMA spin coating B N
. EBL I Pt

* Development Cross section TEM
« Pt evaporation :

Pton N|

\\»!

110 nm Pt

top gate \ ’
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s
Sio Top Gate fabrication
2

Transistor fabrication B Geon

Device analysis

Observation:

* RIE needs to be optimized
- Cl based RIE

« Al,O4 dielectric is not visible

» Pt top gate not continuous
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No Step name Status
S umm ary 3-1 | Spincoating MAN 1420 | &/
. . ‘ 32 | Postbake V4
« Material analysis: mBe () / B = | e o <
° E;/IGBSE n |ayer by / % 3-4 |\S/|Ia?||<(e)r2 deposition v
8 [ 35 [ Liftoff v
* Layer stack / TopGate | 2 I35 T oice etoning v
° Chem ical ﬂ W 3-7 HSQ spin coating V
- S|O 3-7 | Post bake V4
composition BL 2 o & ;
* Post grO\Nth [] Geo 04SN0 06 ﬂ 4 Development v
FLA improves Al o contac > ICP RIE 3
: ontac a 6-1 | Stripping HSQ
layer quality & 203 3
- Ni ‘ ’ © 6-2 | Al,O4 deposition
. . . Pt < 7-1 | Spin coating V
* Device analysis: 5 [ 72 | Postoake v
« Most process Development & | 7-3 | oxide etching
p g 7-4 Ni deposition V
steps are 4 //’ g ALD 8 |75 | Liftoft MAN 1420 v
usable / Q ‘ /I' = 7-6 | FLA contact formation V
RIE / 7-1 | Pre bake V4
. . . . " 7-2 Spin coating PMMA V
Other Materials: f—4 5 75 Tretvae 7
- MBE: GeSn, SiGeSn S |74 | FBL v
] ] . 2 7-5 | PMMA Development 4
* lon implantation: Ge:Sn, SiGe:Sn = [ 76 [ Ptdeposiion
7-7 | Lift off v
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