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Goal - Electron emission into low vacuum and ambient pressure conditions

Applications lon Source:
* lon mobility spectrometry (IMS) Canemitted curent

® E|eCtr0n Ca ptu re detector (ECD) - ' 1 pyrolytic carbon membrane
* Molecular filtering

Si-grid
micasheet i ' 1 1

Ambient pressure electron emitters | |

* Radioactive e.g. Ni63
* Encapsulated electron gun™

- MIS structures e.g. GOS

1mm [1] M. Bachmann et al., (2020). JVSTB, 38(2), 023203.
Advantages to other ion sources: Challenges:
* Non-radioactive (compared to Ni63) * A high emission efficiency
) Pulsablc.e _ e Sharp energy distribution of emitted electrons
* Small dimensions / low cost _
« Low electron energies (< 50 eV) * Low sheet resistance
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Gate electrode processes

Direct CVD on SiO,:

LPCVD ~1100®
Methane
° o o

or

4 PECVD 0o

o
Plasma

R. Mufioz et al., (2018). Nanoscale, 26.

Catalytically grown graphene (transfer):

N (N ()

Copper
catalyst

Monolayer
graphene

Spin coating
PMMA

Etching copper
with APS

{\ Remove PMMA[\

with Acetone

Transfer

Ethyne
—
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LPCVD

* CH, decomposition at high temperature

* Methane as precursor
* Thickness in this study: 7.8+0.5 nm

* Poly crystalline graphenic carbon

PECVD

* C,H, decomposition due to plasma
e Ethyne as precursor

* Thickness in this study: 11.2£0.5 nm

* Poly crystalline graphenic carbon

Transfer (catalytically grown)

* LPCVD grown on Copper
* Thickness: Monolayer (~0.32 nm)

* Wrinkles and cracks are possible
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Vacuum setup Electrical measurement
» Characterization at 103 mbar * Gate (extraction) voltage is swept up to 30 V
* 99% pure nitrogen source for ambient e Current compliance of 10 pA at the gate electrode

ressure measurements :
P * Anode voltage is held constant at 40 V

* Highly n-doped Sianode @ 30um * Anode current is associated with the emitted current

Va N la ~ Anode (n++ Si)
oW

Graphenic carbon
Si0, 300nm SiO, 8-25 nm

n++ Si

n++ Si
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GOS Sample - LPCVD

L D D * 10 nm tunnel oxide
L —‘ * Emission area of (300x300)um?
= | L D * Thickness graphenic carbon: 7 nm

Electric field in V/nm
0.50 0.75 1.00 1.25 1.50

107 — | 10° Electrical characterization
Current compliance
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: - ] 1 'y *‘. — = . . .
S 107 s +++**"’ 10772 * Highly stable characteristics
1 b 0
107201 h%* IHH” 10 E
10-111 it t  Gate 10-5 * Emission efficiency up to 0.1%
] || t  Emission
10713 ) \_ Constant t)
5.0 7.5 10.0 onstant curren .
Extraction voltage in V Y Currents up to 5SnA
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Before structuring
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After structuring

&d (<

Transfer process introduces wrinkles & holes
PMMA at the wrinkles stays after structuring with O2 Plasma

Structuring the Al-pads with PNA also introduces holes in the
sheet = Lift-off process

Transferred process is elaborate

The yield of transferred graphene samples is diminished
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- Graphene current ---- Emission current ---- Efficiency GOS S I f KETEK
Electric field [V/nm] amp €- TranS er
0.34 045 0.57 0.68 0.80 091 1.02 1.14 1.25
B A4 * 22 nm tunnel oxide
1084 10l
> o . 2
— | e Emission area of (300x300)um
< 1071 10° @
3 1g10 o5 e Three up and down sweeps
@
E . - .
Lo oo * Hysteresis =2 filling and emptying of traps
75 100 125 150 175 200 225 250 275 o o
Graphene voltage [V] * Emission efficiency up to 23%
1078
-92+1; b = -4.79+0.05 o
5092006 * Surpasses efficiency of former monolayer GOS by factor of 2™
z * Currents up to 1nA
3 sS4 : Millikan-Lauritsen representation
1:a=-92+1; b = -5.51+0.05 R
10-12{ |2t a =-83+1; b =-5.92+0.06 | . . . .
3:a =-87+1; b = -5.92+0.04 * Nearly linear behavior = Fowler-Nordheim tunneling
1 -13 I I I I I I
28 26 24 22 20 18 16 14 . e
Graphene voltage [V] * Emission and gate slopes are congruent
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Emission efficiency
* Presumably depends on gate thickness
— -4
J5.00 <10 10?2
* Monolayer graphene has the highest value = 5 _
£ 4.00 L 10" T
) g .
* Thinner carbon <-> emission efficiency is expected to increase c ' 9
JU’E] 3,00- LPCVD PECVD SISl
Sheet resistance o ~_ =
= 0 0]
5 2,00 Y o 107! ¢
* Transfer graphene has the lowest sheet resistance < ST
Tg 1.00 - j: ;10—2'5
* Thinner carbon <-> sheet resistance is expected to decrease a i
© 0.00 . . . . . 103
o 0 2 4 6 8 10 12

Gate thickness Gate thickness in nm

« Homogeneous monolayer CVD graphene is difficult to achieve

* Transfer graphene is laborious and causes wrinkles and cracks
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Electric field in V/nm KETEK
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10751 v
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c _ 1 = . .
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g 107° ﬂﬁiﬁﬁfl&mww k]
S i i 5
" 107y e e e 110715 * Tunnel current dose not depend on pressure or gas
10-11 bl 1!] F;'-Qf.._ | 14 pﬁi agidr, e —— LIEJ
ikl _ , . :
10214 T * Nitrogen/Air at 970 hPa (mean pressure in Munich)
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10~

Millikan-Lauritsen representation

Emission current in A
=
(=]
&

v * All three are nearly linear
107 y "i;;
10 e, 'i‘;‘
10 T f r * Fowler-Nordheim tunneling is expected to be the
1o-12 I “ mmwmmmmtH conduction mechanism
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Constant current Extraction voltage in V
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Conclusion Outlook

* |Investigation of 3 different graphemic carbon gates * Lower thicknesses of the CVD graphenic carbon (GC)

* Monolayer graphene has the highest emission efficiency PECVD GC - investigation on the lifetime

and lowest sheet resistance . ) .
* Lifetime measurements at atmospheric pressure conditions

* Emission is stable and reproduceable over several * Investigation on the dependency of the oxide thickness
batches
e Analysis of the energy distribution of the electrons

* Emission can be conducted at atmospheric pressure

L , _ * Hexagonal boron nitride as the insulator = sharper
conditions of nitrogen and air

distribution

* lonization of different species
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