UNIVERSITAT

A monolithic, back-gated

DUISBURG

diamond field-effect transistor for ESSEN

electrically tunable color centers

Offen im Denke

D. Oing’, M. Ney', G. Bendt®, S. Schulz®, M. Geller', N. Wéhrl' and A. Lorke'

'Faculty of Physics and CENIDE, Universitat Duisburg-Essen, Lotharstr. 1, 47057 Duisburg
“Faculty of Chemistry, Inorganic Chemistry and CENIDE, University of Duisburg-Essen, Universitatsstr. 7, 45114 Essen, Germany 1 242

1 Motivation

= Diamond has outstanding

2 Sample preparations

|. CVD growth on (100)-oriented

properties as semiconductor device structure substrate diamond substrate |. CVD with —_—— . QVD with
. . semiconducting . tial dobing with b boron nitrogen
* high frequency devices [1, 2] diamond sectluen Ia dOP;”Q wi ?ron .
(P-type) and nitrogen (n-type) l Il. Lithography and masking

_ o iInsulating
" high thermal conductivity diamond . Structuring with reactive

ion etching (Al as hard Il. RIE >_=_ . NaOH __
mask) is used to get

contact to the back gate .

= Monolithic, diamond-based
transistor can use these

properties to get... . .
| etallic 11, Optical lithography to l lll. Lithography and metallization
» temperature independent substrate §igmond define electrical contacts === V. Oxygen plasma
2DHG as tunable channel [3 Lo, roaimentand ,
IV. Lithography to remove 2DHG graphy’ removal of resist’

* non-conductive diamond as dielectric [4] In oxygen plasma (resist as mask)

3 Band structure 4 Electrical characterization

Layer sequence Boron = Capacitance of transistor is 9 pF at V =0 -80 S
« Degenerately boron-doped doped Nitrogen-doped diamond o thickness of dielectric layer is 202 nm " T=303K -13 V5
layer as metallic back gate LGl -60r .
. : = Source-Drain current-voltage characteristics _
e resistance <10*Qcm 10* ) f | 2
s e conductivity increases for negative gate voltages — Steps
= Lightly nitrogen-doped £ 10" 8 -40F PS
layer as dielectric layer % _ e 0.5V
e reduced doping concen- £ 10" Nitrogen " Transconductance o '
Q_ | -
tration at the surface ~ - Transfe o threshold voltage of V,=-4.7 V O -20f .
. 5DHG on H-terminated -doping | » field-effect mobility of = 0.06 cm?*/Vs | v
surface as tunable channel S 0.9] | 160 T T T T T T T %v il
= ol (¥ V=4V - par—————— ° V
=) Doping profile to cal- o O g D < O_ A T S
culate band structure 3 BN = 0 -1 -2 -3 -4 -5
o 120} v = | Voltage V, [V]
O _ - C 4} -
Band structure % < - i‘.\ % ' 17 = Source-Gate current-voltage characteristics
I—lQ B V =0 11 . .
= Band structure strongly de- i - 80r i\-\ ° 8- T e low leakage current (<1 nA) through dielectric
pends on nitrogen concen- = = : = O~ o A a-
tration in dielectric layer é % _- ",\! 16 Vol?age \2 V] 3 : mm) Nitrogen-doped diamond suitable as dielectric
* nitrogen-donors compen- = ' © 40F ' - e breakdown voltage of V= -14.7 V
sate holes in dielectric layer S 0 _ V=47V =, |
L : i "o vo. _ Breakdown field of E,,= 725 kV/cm
mm) Parabolic valence band 2 950 _ \ "---- - = )
S ' ] — Ty mm) Tunable carrier density up to 2.4-10" cm”
= High built-in electric field 1 -500 ' ' ' ' ' — e L
in the dielectric layer -300 -250 (;ng\?vth d-i1rggtion-[1norg] -50 1210 -8 Vc;ﬁage-d\r/ [\/']2 62 4 =) Functional p-type enhancement-mode FET!
g

5 NV-centers, embedded In transistor structure Conclusion
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, . . Stark Shift . . . . based field-effect transistor is

— E. E - produced and characterized
= = $06ev o ' = NV-centers expected to be in the dielectric layer 0 |
© - = Transistor structure can be used
- 1.945 eV 7 f | t licati
%’ 5 I ‘A5 = Photoluminescence shows broad signals = O COIOT Center applications
ﬂcj [ A Iz_1 5eV | for both charge states of the NV-centers g 04
?C) EY i « possible reason for broadening > O Utl OOk
8| l121ev is Stark shift due to built-in =
) » E electric field of the device < -0.8
o "NV Y NV’ _ @ = Improvement of growth steps to
_GEJ _ = Determine Stark shift by applying an addi- © _ achieve better electrical properties
g tional electric field, using the gate voltage D 40 = Further investigations of decreasing
6 | . . 0_ _
5 » Stark shift is 2.5 peV/kVem' for NV° intensity for NV'-center for V,<-9
ot T=85K : and 3.6 peV/kVem™ for NV " Implant different color centers,
. . 16 | | e.g. SiV at a well-defined depth
19 2.0 X 22 o3 w17 % of observed FWHM is due to Stark shift 400 -200
Energy [eV] ' Electric Field F [kV/cm] R f
Charge state manipulation [1] G. Perez et al., Diamond & Related
g ' ' ' IS e | M ' | ' e T . . Materials 110, 108154 (2020)
N 1F L ..I-}-. . " Intensity OffNV\'/Cintge';? 1632} | - = [2] H. Kawarada, Japanese Journal of
g | 178K Nv 1t ..EH': FHILEL T decreases for V< - ' . - - . 71 Applied Physics 51, 090111 (2012)
§ - }.----%:E-'. '.;' " 8l - = Explained by Fowler-Nordheim ) Q 3] %?m.g Ietga;., l)(;z;?soonzjzgzllzilated
2 ot } R i A e tunneling (FNT) process [5] > 1.600r 18 © aterials 97,
g) }} Ll - Z . [4] H. Kawarada et al., Scientific
- L. L - 3 1 E
E “ 1] | o022 4 meVo ; 16 5 Reports.7, 42368 (2017)
o h } NV° FNT = 162 AV. exp T3 heF > 1.568 S [5] M. Lenzlinger et al., Journal of
o .l . 0 @ & Applied Physics 40, 278 (1969)
S | + } i 14 -
_é : '_.} _ = For NV Increased tunneling = 1.536 V=11V &
E | =! probability from excited °E state B R A” data
=S " into conduction band for V. < -9V ) _ _ _
8 Of E. | g 19047 < >260Grov&’tiodirecﬁg(rz [nm]200 P U bl |S h ed
o 1 . ) T T = For NV°: FNT cannot explain I~a—s-ns—s—p—s—s-u—n—=¢ . 10

-15 -10 -9 0 S decrease of intensity -15 -10 -5 0 5
Gate Voltage [V] Gate Voltage [V]

IN




	Seite 1

