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Single Electron Transistors
Metallic Island w/ Tunnel Junctions
Small Capacitance
Large Resistance
Charge controlled by gate electrode
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Problems:

Need to guess L right

Getting RF out of fridge

Frequency fixed by circuit

Clever Solution: RF-SET

RCstray forms a filter
		 use < few kHz

-Use adjacent preamp
to match impedance

Possible solution:

1
ω0 =   

LCstray

.

50W > 30setR /

Schoelkopf, et al Science 280, 1238

Bandwidth 100 MHz at 2 GHz

-apriori freq. unknown

-not tunable

-cryogenic preamp
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averages over curve
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Bessel function J0(qRF/e) 
for sinusoidal Ids(VG).

Confirms and calibrates
RF gate action
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Piezo-electric detectionSingle-electronics & Nano-mechanics:
	 Towards Quantum-limited Motion Detection
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voltage dependence

∆Iif(VS,VLO)=2∆I0 J1(2πCGVS/e) J1(2πCGVLO/e)

Model

Data

For optimum dc biases:

Current gain:

∆Iif = gI IS 3.66 ∆I0 CGVS/e = 1.83 (ωMAX/ωS)~
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Mixer Sensitivity

Room temperature electronics
limited background noise

5 10-3 e/Hz1/2

For this device, Sq(w) 1.3 10-4 e/Hz1/2

For optimized device {CS=1 fF, R=2RK},
		 Sq(w) 1.5 10-5 e/Hz1/2
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1/f noise? Backaction?

Theoretical shot noise limits
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Carrier Frequency Dependence

Works up to ~ 300 MHz
	 - limited by: external filters,

ωMAX=Isd/e

Low frequencies filtered to control
	 aliasing.

Intermediate Frequency Depedence

Roll off due to RC time constant
with parasitic capacitance

2π∆ω = 250 Hz

May be increased with
rf-set or preamp

Capacitive coupling of SET to nano-mechanical resonator

1 mm

SET

Beam Motion

DC Bias
+
RF Drive
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Beam motion ∆x changes C,
modulates Isd at wbeam

For dq= 1.5 10-5 e/Hz1/2

GaAs (3mm*200nm*200nm)
wbeam=100 MHz

dx > 10-13 m/Hz1/2Blencowe & Wybourne,
APL 77 3846.

Displacement sensitivity:
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Piezoelectric field
between electrode
and buried 2DEG
modulates gate
charge on SET
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Dielectric materials develop electric
field when strained (eg. GaAs, AlAs)
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Use buried two-dimensional
electron gas as ground plane

Electric potential develops
between top surface and
2DEG
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Voltage developed:
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SET sensitivity in "Orthodox Theory"
	 (Cj = 1 fF, Cg=200 aF, Rj=50kW, T= 30 mK)
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For 5.75 mm 800 nm 200 nm beam with 2DEG at 100nm deep
	 Resonant frequency = 100 MHz

Total
Direct
Back-action

~4 10-16 m/Hz1/2

Could allow quantum-limited detection near 10mK!

Use rf-SET or SET mixer for high frequencies


