. a
. Focused lon Beam Development for Single lon Implantation m\-l' |

E. Bielejec, N. Bishop, B. L. Doyle and M. S. Carroll

Sandia National Laboratories, Albuguerque, New Mexico 87185 Quantum Isformatios Sc¥
Status of Standard MOS Double Dot Structure Initial Timed Donor Devices: 100 keV Sh Implants Initial Results — Integrated APD Devices
Double Dot Charge Sensing Depletion gate blas (V) Faon Adh Fogin
Formation -0.30 -0.28 -0 -0.24 -0.22 -0.20 Outside the Active Reg
LN,
L. Trac E. Nordber 0 keV H*
a.,=-0(-6 Y y?/w:-o.s v ( g) < 250 keV/ H
_ E -
s z g 5
£ b s
N H g PN )
c vE 3 500 0 500 1000 1500 2000 2500
= TR 0 as o 0 § « Designed opening ~80 x 80 nm Braim r Delay (ns) n T addtional
E Ve (V) « Defines the ion Spo! size (Nathan BlShOp) (el':til:'\lnal’y I'?SLI. s are er_\couraglng and additional
g i i i \g/redesign is on-going — reduced background
H Nordberg et al., APL 95, 202102 "jee‘i)‘g:‘Zde:“’c’e"’:ﬁ‘gze:mp°s'"°" E E . doping leads an increased DCR, lower DE
e S v UL)J Transport through donor: . et . . & .
e s o - - S . .
. V.RP‘V) ; V, (volt) Implant single/few donors into a QPC. - siter % S|ng|e DOhOI’ DeteCtOI’ ReqUIrementS
Recent success _th Si-MOS dewces_ (Stable Coulqnjb blockade The presence of a donor impurity in the Conduction through donor state below pinch-off in a QPC.
and charge sensing) mean we can build use the existing platform QPC has a clear signature in transport. Detect low energy ions (low number of e-h
as a starting point for more advanced designs. pairs produced)
c B Lower energy to minimize donor straggle
Potential challenges in the Si-MOS system: Single lon Geiger Mode Avalanche (SIGMA) Detector SIGMAS sensitive to <1000 e- pairs!
" - N Detection signal only from an implanted ion
1. Dangling bonds and other defects at the Silicon-SiO. . [ k=] ater | .
inter?acg leading to short T*, ? APDo peration .m—l—':r = ;Tg,\j:rkhwumf;.r; 'Sgu'r?(jh low DCR!
o oo . . . Pk g ne e S have o with low !
2. !:)lfflr(;ulty rgachlng single electron occupation due to o - .‘ - T T T ™ .._.T]" - Diffused carrier detection
interface disorder. w0k m‘:;an;rlﬁaﬂm..\~ Gelger i:ml:u-— ] = Allows the detector to be located far (10's
Solutions: ' mode == 7 ; of pm)_from the ion implantation site (less
0 Linear . restrictions on architecture layout)
1. Move electrons away from the Si-SiO, interface using ém, W-Z 20 foar T ] ] 4 SIGMAs can detect diffused carriers
donors. 5 4 Wmn Sate « Two laterally coupled APDs run simultaneously ~ With 100% DE at 75 um from the
2. Replace SiO, dielectric with a cleaner system, such 0" F 0 [ ™, SIGMA Gate « Scanning a focused ion beam over the device detector!
as SiGe. N — Light s | ——— 1 to produce the IBIC map — overlay with optical
- b —— Dark 5 ' Delay Time image
. . 10 1 1 1 1 1 E - - )
Focused lon Beam Implantation of a Single Donor L Jp—— Focused lon Beam-line Development
1-V response of an APD with both o ™ Gegerputs]| — _
linear and Geiger mode operations 5 o - pos NanoBeamLine (NBL) on 400 keV HVEE Implanter * EXisting system spot size <800nm
indicated. Time (ns) T ﬁl « Need to push down to <100nm
= A P D S for single ion implantation.
mm poly—Si tru CtU res + How to get there?
4 « Optical table to red
1ll?nm S5i0z Discrete SIGMA Detectors (Mark-0) vibri\:ﬁ)an able foreduce
5 N+ implan L = « New end-station
B pimplant pu= I — ! eym, 4 11pm (recessed focusing magnet)
Contacts to device not - L+ —— L+ - and increased beam-line
shown in this figure. =

length to maximize
demagnification on target

Integrated SIGMA Detectors (Mark-1)

High yield fabrication of implanted devices or large scale
integration requires implanting exactly one donor with sub-

10 nanometer resolution. s B l s
(] - Jole 1]
.

Single ion implants require on-chip ion detectors with 100%

detector efficiency for low energy implants (10 to 100keV) Designed for integration with Si DQD platform
integrated with the DQD electronics.

+ We are targeting a spot size of
<100 nm

Completion expected
in Summer 2010
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1. Electron held farther away from interface and potential charge or spin decoherence centers. s
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« Attached to the 400 keV HVEE implanter with sources for P,
Sb, B, etc... readily available from 20 to 400 keV

« New 4K QIST sample stage with 100 mm of travel will allow
for large scale implantation
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« Detector efficiency falls off
with decreasing energy as the
H* ions no-longer penetrate
through the over-layers

+ We have ordered a new set of micro-manipulators to
probe the wafer level devices — set of four will allow for
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i simultaneously connect to two APD detectors for single ion
- With 125 keV H* we produce o = L4t b *

~10* e-h pairs per ion strike x[ foue =10Hz ]

only ~ 1,000 in Si body 1 o717k Nanolmplanter (nl) 100 keV FIB

+ New 100 keV FIB with ExB filter for multiple species usage.
Liquid metal ion sources (LMIS) for Sb and P under
development.

+ New nl sample stage 100 mm of travel with 2.5 nm
resolution will allow for large scale implantation.
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