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(B Motivation
a Graphene Synthesis on Germanium (200 mm wafer size)
a Deposition of amorphous Silicon on transferred Graphene

n Deposition of dielectrics on transferred Graphene
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Graphene Base High-Frequency Transistor HM @
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Main challenge: Manufacturability of Graphene devices
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Universal toolbox of process and metrology tools enabling fabrication of a
variety of graphene-based devices on 200 mm wafers in a CMOS pilot line

In collaboration with universities and industrial partners
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Transferred Graphene on 200 mm Silicon wafers

SEM investigation of transferred CVD graphene on SiO,/Si wafer
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Residual contamination of transferred Graphene
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Graphene synthesis@ipP

* Toolintegratedinto the cleanroom toolset

e 200 mm Graphene available on Ge and Ni

2

www.ihp-microelectronics.com | © 2017 - All rights reserved | April 3, 2017 8




Counts

e w B

324252627 2829303132
D = 2D/G ratio

Si (100)

Intensity (a. u.)

’ T ¥ T ¥ T Y T v T

1200 1500 1800 2100 2400 2700
: 1

Raman Shift (cm )

e ohmsal | fom/vs)

Gr on Si02/Si(100) 1.3+0.1 440+20
Ge100/Si100, Hall

R ohmsal e

Gr on Si02/Si(100) 0.95%0.2 1200420
Cu growth, Hall

www.ihp-microelectronics.com | © 2017 - All rights reserved | 9



_Ge/Si — Transfer by Electrochemical Delamination

Covering with polymer
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_Ge/Si — Transfer by Electrochemical Delamination
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Quality of Ge/Graphene after transfer
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Moadified CVD of amorphous Silicon on Graphene

Deposition technique for n-type silicon on graphene

|HM

L. Without damaging the electronic structure of graphene

L. VHF PEVCD - extremly ,soft” deposition technique

Frequencies
up to 200 MHz
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Electrical characterization of graphene/(n)-a-Si:H junctions I H M

* Device simplification:

GBHT-Transistor Diode
graphene
(m-a-SitH (100 nm) y;/
C
ZnO-Al (800 nm)
ZnO:Al
glass glass

* Graphene/(n)-a-Si:H diode as core element of the GBHT

* diode characterization by means of temperature dependent V-
measurements and CV-measurements

e CVD-grown graphene on Cu transferred to ZnO:Al using standard wet
chemical transfer techniques

e a-Si:H n-layers deposited with VHF-PECVD (140 MHz)

* all contacts except the graphene/(n)-a-Si:H junction are ohmic contacts
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HM

Improving nucleation on graphene by NF; pre-treatment ===
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Atomic Layer Deposition of Al,O,
on NF;-pre-treated graphene
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Improving nucleation on graphene by FDTS pre-treatment

Without FDTS pre-coating With FDTS pre-coating
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 |HPand IHM develop processing modules for graphene electronic devices
* With a vision of integrating them with the backbone BiCMOS technology

* Current activities focused on the development of a baseline graphene
technology

- graphene synthesis on Germanium
- deposition of silicon and dielectrics on graphene

* Graphene/(n)-a-Si:H diodes as core element of the high-frequency graphene-
base heterojunction transistor (GBHT) were investigated
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This work is dedicated to the memory of Prof. Wolfgang Mehr, the inventor and the pioneer of research
on graphene base transistors.
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_Graphene Base High-Frequency Transistor

Objectives:
High frequency graphene based transistor on flexible substrates

Unipolar silicon to graphene heterojunction device technology

Emitter

Base
Graphene

Ballistic transport across the base (Graphene)
Extremely short transit times (vertical structure)

Collector
,ﬂ ZnO:Al, metal
High cut-off frequencies (> 100 GHz)
Improved Strain limit (> 10 %)
| f[GHz] | Strainlimit(%] | Substrate |  Reference |
2 polyethylene naphthalate (PEN) N. Petrone et al., Nano Letters, 13,121 (2013)
8 polyimide (PI) J. Lee et al., ACS Nano 7, 7744 (2013)
>3 polyethylene terephthalate (PET) C.-H. Yeh et al., ACS Nano, DOI: 10.1021 (2014)
e
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