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I. Why More Time Resolution?

Single-shot detection

Measurement time

Less restricted by low 
tunnel rates

Barthel et al., PRL 2009

Fricke et al., APL 2010

Gustavsson et al., APL 2008



I. Quantum Dots
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I. QPC Charge Detection

Field et al., PRL 1993
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Field et al., PRL 1993

I. Time-Resolved Charge Detection
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Schleser et al., APL 2004
Vandersypen et al., APL 2004

CS ~ 1 nF

RF = 1-10 MΩ

CF = 2 pF

RQPC ~ 10-500 kΩ
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I. Time-Resolved Charge Detection
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„Slow“ electronics
1/f noise

limit bandwidth to ~100 kHz

CS ~ 1 nF

RF = 1-10 MΩ

CF = 2 pF

RQPC ~ 10-500 kΩ

Schleser et al., APL 2004
Vandersypen et al., APL 2004
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II. Reflection Coefficient Γ
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II. Reflection Coefficient Γ

1
0

0 ≈
+
−=Γ

ZR
ZR

~

0

0

)(
)(

ZRZ
ZRZ

+
−=Γ

Ω= 500Z

matching
network

R ~ 10-500 kΩ

R ~ 10-500 kΩ

S

D

Q
PC

gate

gate

gate

S

D

Q
PC

gate

gate

gate

~
Ω= 500Z



II. Reflection Coefficient Γ
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II. Signal-to-Noise Ratio
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II. Schematic Measurement Setup



II. Chip Socket and Carrier

Kyocera Corp.

high versatility, but large stray capacitance (> 2 pF)



II. Chip Socket and Carrier

Kyocera Corp.

high versatility, but large stray capacitance (> 2 pF)



III. „Standard“ Matching Circuit

First used for rf SET reflectometry by Schoelkopf et al., Science 1998
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III. „Standard“ Matching Circuit
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III. Our Circuit Design

losses

stray capacitance

variable 
capacitance
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III. Our Circuit Design

0.3-1.7 pF

variable 
capacitance

losses

stray capacitance
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III. Our Circuit Design

variable 
capacitance

losses

stray capacitance



III. Experimental Realisation

K = 3 pF
L = 180 nH
r = 2 Ω
R = 30 kΩ
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Sample processing:
B. Küng

Calculation:

VD

APL 97, 202104 (2010)
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III. Experimental Realisation

Sample processing:
B. Küng
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T = 2 K 
50 kHz BW
∆G = 0.01 2e2/h  ∆I = 300 pA APL 97, 202104 (2010)



III. Experimental Realisation

Sample processing:
B. Küng

In situ-tunable rf reflectometry setup
Performs significantly better than dc

T = 2 K 
50 kHz BW
∆G = 0.01 2e2/h  ∆I = 300 pA APL 97, 202104 (2010)



IV. Graphene QD and Charge Detector

C = 1.2 pF, K = 3.3 pF, L = 100 nH, and r = 3.6 Ω, f = 232 MHz
Sample processing:
J. Güttinger, D. Bischoff

ddot = 80 nm
wbarrier ~ 25 nm
wconstriction = 45 nm
ddot-constriction = 15 nm
Cbondpad ~ 0.5 pF
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IV. Multi-Level Tunneling to a Single 
Lead
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IV. Measurement of Temperature
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IV. Measurement of Tunnel Rates
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IV. Measurement of Tunnel Rates
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V. Conclusion
High-performance in situ-tunable 
matching network

Measurements on different types 
of material systems

Determination of tunnel rates to a 
single lead in a multi-level regime



VI. Outlook

Lower temperatures for better performance

Study charge transport in „exotic“ material 
systems (graphene, InAs, p-GaAs)

B. Küng

T. Choi

J. Güttinger, D. Bischoff



VII. Appendix: Power Transfer and 
Noise

Figure adapted from Roschier et al., JAP 2004
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VII. Appendix – ∆G



VII. Appendix – rf Performance



VII. Appendix – Impedance Trafo



VII. Appendix – Parameter Influence: f
C = 0.8 pF
K = 3 pF
L = 180 nH
r = 2 Ω
R = 30 kΩ
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VII. Appendix – Apllicable Power
K = 3 pF
L = 180 nH
r = 2 Ω



VII. Appendix: Frequency Response

IQ-mixing
IF-mixing



VII. Optimization of the Tunable Circuit

T = 2 K
1 kHz BW (a-c), 5 kHz BW (d)



VII. Appendix – Bandwidth



VII. Appendix: PSD



VII. Appendix: Counting Algorithm

Algorithm: Yuzhelevski et al., RSI 2000

( ) ( )

( ) ( )
τ

τ
t

A
VGVP

t
A

VG
VP

dn

ndn
ndn

up

nup
nup

∆⋅=






 ∆−⋅= 1

if point n-1 is „up“, then

T = 2 K
800 kHz BW



Interlude: Extraction of Tunnel Rates

t

τin

τout

Γin = 1/<τout>
Γout = 1/<τin>
γ = Γin + Γout = 1/<τin> + 1/<τout>
τ = 1/Γin + 1/Γout = <τin> + <τout> = 1/rE



VII. Appendix: Extraction of Parameters

500 kHz



VII. Appendix – Algorithm Limitations


