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Transparent ion trap with integrated photodetector

Micro mirror cavity for single ion cavity QED

Fluorescence collection sets the efbciency of state detection and the rate of entanglement generation between remote tré
lon qubits. Scaling-up to dense arrays of ions will require efbcient light collection from many ions in parallel.VVarious optice
elements have been used to enhance atom-photon coupling, but combining large solid angle capture with scalability has 1

To test the contribution of the dielectric surface to
motional heating rate in the proposed ion trap-cavity
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. . happened yet.!
substrate where ions can be shuttled between different PP 4 | - _ _
trapping zones with metal ground or dielektric We present a new approach in which light is collected through a transparent ion traphusingetectorattached beneath
: : : Evaporated .. :

A Ia;ge-(?cage qua_nturp go_mptu;er can 1:be r?ahzeo b)t/ trgp;:t)ed |orI1D ertmctsy e [y o Fabrication on quartz substrate:! | Experiments: - ropumper
ercomeci can o s I o ot ca b wel et proen saes e T | | IPalem U NRISO00PY prooresst  sgese s % ey e
f o ot I' - OED. Bhotoresict Illllll | Deposit 400 nm of ITO by RF sputtering! were stably trapped g ® reference frequency
'ramewor of strong coupling cavity QED:! batterning! | | " | Deposit thin layer of Au on RF electrodes only!  above ITO-4K trap -
_ - . | _ _ O S ! _ _ In a bath cryostat at
| g.Coh_erent lonphoton coupling < L s Resulting trap properties:! 4K 4 photodiode preamplifier
| : Cavity beld decay rate Electroplated gold QR AR AR N AN | " 1 Optical transmission: ~60% at 422 nm! e
| #:Atomlc_d_lpole decay rdte layer as trap [ —— \ | . " 1 Resistivity of DC electrodes (ITO): 1k10m! A large Ion cloud (=50 ions) was trapped and detected above an ITO-PD
| C_oop_eratl\_/ltygzl # 1 | electrodes = Z \ " | Resistivity of RF electrodes (ITO + Au): ZLén! trap with a commercially available PIN photodiode at 77 K:!
| Y  H.J.Kimbl@hysic&cripta 76, 127 (1998) ! Flde“ty Of |on-phot0n mappnﬁy(C+1)! - s e\ ! (a) (b)
! e ’ | | Photoresist ... . . .. . — N\ - —————— - -

. . . . L . Well-established 5-electrode trap geontetry > 150
Such quantum devices would require small ion-dielectric distances, which affects the removal " | RF frequency: 35 MHz! E
tazapcl:r;%\%);figtrgl ﬁ}edtg?r);sz?w different electric Peld noise and charging properties Silver seed layer < ,‘ n * ITrap frequencies: 0.8 B 1.3 MHz! g %100

L ~i BEEEER NN K - N T : e =

' Ultraddon ROG (900 etching B I | Trap depth: ~300neV @ 100 E
We investigate one approach to ra-low ROC (900m), ! 3 § >
aduce the ion exnosure o Ia_s.er-machlned.mlcro-mlrrors Observed stable trapping of 4F 48 g of
_f ; _ P with low scattering loss ~140 single8Sr ions with bright < S —— R
dielectric surfaces by | ppn% lifetimes of several hours. P,SIT cﬁunt: [103 Hz]8 Photodiode signal [V]
[ncorporating a highly ref3ective Secular frequencies of 0.925

(a)l Photodiode voltage and photomultiplier count rate during loading of
an ion cloud!

(b)!Histogram of photodiode voltages over a period of several minutes
without ions (red), and after loading an ion cloud (blue)!
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(@) ITO-4K trap400 nm of ITO plus 50 nm of Au on

: | " mil the RF electrodes! :
Top mlrror. ROC! 260" m; (b)!ITO-PD trap400 nm of ITO plus 5 nm of Au on Expected s:gn.al values
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Sensitive compensation of micromotion in 3 dimensions for a surface-electrode ion trap using lock-in detection

CMOS trap (Collaboration with Karan Mehta and Rajeev Ram)

Micromotion - the driven motion of an ion displaced from the null of the RF trappingrbatibns and shifts

atomic transitions, leaks in noise from the RF supply, and interferes with ion coupling to integrated trap ¢
Because stray electric belds readily build-up from charge deposition during ion loading or photoelectric
creation from laser Peldsicromotionis exacerbated as traps are miniaturized and dielectric materials inth

Building on previous wark we add sidebands to the RF voltage at Can ion traps be manufactured with the same process as an IBM processor? A Otrap-on-a-chipO
one of the radial trap frequencies and detect [Suorescence In phase CMOS (complementary metal-oxide-semiconductor) fabrication process is the ultimate platform in
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