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Abstract  —  We performed a robustness test of a potential-

profile-tunable electron pump for various parameters. Tuning the 
entrance and exit gates, we measured a flat current plateau 
within the 2 µA/A uncertainty for a ~40 mV gate-voltage range at 
B ~ -14 T. For changes of B-field, the 2-µA/A plateau was 
obtained for -14 T < B < -12.7 T. The 2 µA/A plateau was also 
observed in the overlapped exit-gate voltage range over ~40 mV 
at T = 300 mK and 1.3 K. The robustness of the pumping 
demonstrates stable operation and a feasible way to construct 
parallel pumps.  

Index Terms — Measurement, measurement uncertainty, 
precision measurements 

 I. INTRODUCTION 

An electron pump is a promising candidate to realize the 
ampere according to the new SI definition [1]. The single-
parameterized electron pump, based on a quantum dot (QD) 
formed on a GaAs/AlGaAs two-dimensional gas (2DEG) 
system with metal top-gates, has shown a high-speed 
operation at a pumping frequency of 1 GHz, generating a 
current as large as ~160 pA accurate to  ~1 µA/A or 
better[2,3,4]. Here, we performed robustness tests for the gate-
defined single-parameterized pump, which is designed to tune 
the potential shape for the QD by several split gates [3,5]. The 
measurements revealed that our pump  is accurately quantized 
within the ~2-µA/A standard uncertainty of a typical 
measurement over finite ranges of tuning parameters such as 
gate voltages, B-field and temperature at pumping frequency f 
= 0.5 GHz, corresponding to ~80 pA. The robustness of the 
pump lays a foundation for the future redefinition of ampere 
[6] as well as providing a stable pump operation and a robust 
basis for increasing the current by running several pumps in 
parallel. 

II. EXPERIMENTS AND DISCUSSION 

A QD in a GaAs/AlGaAs 2DEG system was formed with 
three split gates and a trench gate crossing the split gates on 
the top GaAs layer as shown in Fig. 1(a). Positive VT (~0.53 V) 
and VP (~0.39 V) on the trench and plunger gates were applied 
to get a relatively deep potential well, which offers a larger 
charging energy resulting in a stable quantized current. The 
upper three finger gates were set to VA ~ -1 V to push and 
squeeze the QD, resulting in a thicker potential barrier and 

relatively large charging energy, as indicated by a purple 
region in Fig. 1(a) [5].  The width of the wave packet of an 
electron inside the QD can be shrunk by B-field, which leads 
to a wider potential barrier width and higher accuracy [7]. 
With an rf biasing at f = 0.5 GHz and P = 6 dBm with a 3 dB 
attenuator into the entrance gate, we obtained quantized 
current steps in the pumped current (Ip) as a function of Vent 
and Vext, which are denoted by nef for each current plateau in 
Fig. 1(b). Here n is an integer and e is the elementary charge. 
To see details of the quantized steps, we replot Ip-Vext 
(scattered points in Fig. 1(c)) at Vent = -1.1 V.  
 

Figure 1. (a) SEM image of a representative potential-profile-
tunable electron pump with experimental configuration. (b)
Quantized current steps as a function of exit- and entrance-gate 
voltages (Vext, Vent) at B = -14 T, T = 0.3 K and f = 0.5 GHz (P = 6 
dBm), where each step is denoted by nef with an integer number, n. 
(c) Pumped current, Ip (scattered points) as a function of Vext at Vent
= -1.1 V, which is indicated by a yellow line in (b). A red curve is a 
fit result based on the decay-cascade model. Red points were 
obtained by the precision measurement. 
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The decay-cascade model (red line in Fig. 1c) [8] predicts 

that the current will be within 2 µA/A of ef over the range  -
0.821 V < Vext < -0.79 V (ΔVext ~ 30 mV), where 2 µA/A  is an 
upper limit of the total uncertainty in the precision 
measurement.  

Figures 2(a) and 2(b) show the relative deviation (δIp/ef) 
from ef in µA/A as a function of Vext and Vent, where δIp = Ip-ef. 
Grey scattered points in Fig. 2(a) obtained with 40 on-off 
cycles [2,3] show the general trend of the quantized current, 
i.e., a rapid deviation from ef with varying Vext for a relatively 
positive Vext (>-0.78 V) and a slow change for a relatively 
negative Vext range (<-0.84 V) including a flat region for -
0.835 V < Vext < -0.785 V. We again performed the precision 
measurement with 150 cycles in the relatively flat region, 
shown as scattered black points, where we found the current 
equal to ef over the range  -0.83 V < Vext < -0.788 V (a red 
box), which agrees with the above prediction by the decay-
cascade model with a slight off-set. The δIp/ef -Vent in Fig. 2(b) 
also provides 2 µA/A plateau flatness for -0.96 V < Vent < -
0.92 V (a red box) at Vext = -0.73 V, which was obtained with a 
different condition from Fig. 1(b).  

We performed the robustness test by adjusting the B-field 
and temperature as shown in Figs. 2(c) and 2(d). In Fig. 2(c), 2 
µA/A flatness was found for -14 T < B < -12.9 T (a red box).. 
In Fig. 2(d), there are two groups of black and green scattered 
points at T = 0.3 K and 1.3 K, respectively. A high 
temperature broadens the energy level in the QD and increases 
the back-tunneling probability of a loaded electron [9]. For 0.3 
K < T < 1.3 K, the 2-ppm uncertainty range was found for -
0.745 V < Vext < -0.715 V (a red box) of ΔVext = 30 mV. This 
result implies an important practical issue: a pumped He4 
system at ~1.5 K can provide 2- µA/A accuracy over a finite 
range of gate voltages. Indeed, recent experiments on the 
potential-profile tunable electron pump at T = 4.2 K, even 
without B-field, provided the uncertainty < 2 ppm based on 
the decay-cascade analysis with low-resolution measurements 
[5].  

 

III. CONCLUSION  

We tested the robustness of the potential-profile tunable 
electron pump with variation of exit and entrance gates, B-
field and temperature. Within a 2-µA/A uncertainty we found 
for ΔV ~ 40 mV for both Vext and Vent at T = 0.3 K, a B-field 
range of -14 T ~ -12.9 T, and ΔVext ~ 40 mV at temperatures 
of  0.3 K and 1.3 K. Such wide parameter ranges are 
encouraging for the development of parallelized pumps [10]. 
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Figure 2. Relative deviation (δIp/ef) from ef in µA/A as a function 
of (a) Vext (grey points: 40 cycles, black points: 150 cycles), (b) 
Vent, (c) B-field at T = 0.3 K, and (d) Vext for T = 0.3 K (black solid 
points) and 1.3 K (green opened points). 
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