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Post implantation annealing

After ion implantation, an annealing step was conducted to recover the crystal structure,

activate donors and thereby reduce the electrical resistance. Regarding the development of a

fabrication technique to contact the 2-DEG in a ZnMgSe/ZnSe/ZnMgSe quantum well (QW)

structure, the suitable temperature range of annealing is limited and can lead to degrada-

tion of the ZnSe/ZnMgSe interfaces by interdiffusion. Such degradation has been shown

by photoluminescence investigations of similar QWs after rapid-thermal annealing for 30 s

at about 400 ◦C.1 Consequently, we focused our investigations on annealing temperatures

around 250 ◦C to 300 ◦C according to typical MBE growth conditions of ZnSe. After appli-

cation of an annealing step for 3 min at 250 ◦C a substantial improvement of the conductivity

was achieved. However, a distinct increase of the resistance in the electrical measurements

of the samples B* and C* is observed after a second 3 min long annealing step at 300 ◦C
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Figure S2: Characterization of ZnSe:Cl doped during MBE growth. a) Cl concentration
versus ZnCl2 cell temperature. Doping and carrier concentrations are investigated via SIMS
analyses and van der Pauw measurements. b) Carrier mobility versus net charge carrier
concentration determined by van der Pauw measurements.

ments are slightly lower than the quantified doping concentrations revealed by SIMS. This

indicates that not all included Cl atoms are ionized and contribute to charge transport at

RT.

Fig. S2 b shows the corresponding mobilities in ZnSe:Cl we derived from the Hall mea-

surements as a function of the carrier concentration. Our dataset is in good agreement with

typical literature values.3,4 The observed reduction of the mobility for higher carrier con-

centrations is an expected trend as a higher amount of doping atoms leads to an increase

of scattering centers. The prominent scattering mechanisms which limit the mobility in

ZnSe:Cl are longitudinal optical phonon scattering at RT and impurity scattering at low

temperature.5

Variation of contact metals and interface conditions

The optimization of the contact metal is performed on ZnSe:Cl samples which are doped

in-situ during MBE growth. The figure of merit is the metal contact resistivity ρc. We use a

Cl concentration of nCl > 1× 10
19 cm−3, which is on the metallic side of the MIT. According
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removal in high vacuum and subsequent metal deposition. To realize this experimentally

we utilize ion milling prior to Al metallization in the same vacuum chamber and afterwards

a standard resist lift-off technique to form the contacts. For these experiments we used

about 1µm thick highly doped n-type ZnSe layers with a typical doping concentration of

(nCl > 1 × 10
19 cm−3). Neutral Ar ions impinging onto the substrate surface physically re-

move the oxide. The process is run in an Ar atmosphere of 1.6 × 10
−4 mbar and Ar ions

are pre-accelerated by a voltage of 80 mV before they are neutralized and hit the sample.

With this process we determined typical etch rates of about 1 nm/s for ZnSe. For ex-situ

Ar milled and in-situ samples the results of electrical characterization at room tempera-

ture are compared in Fig. S4. The IV curves obtained by four-terminal measurements in

darkness are non-linear for all Ar ion milled samples. Thermionic transport limits electron

transport across a barrier when the oxide is present. For the ion milled samples the total

current can be increased at voltages of a few volt, but R is increased as well. We assume that

crystal defects, namely Zn-vacancies, are introduced by the invasive etching process with Ar

ions and decrease the net charge carrier concentration in the region where the contact is

formed.9 Lower carrier concentration leads to an effectively higher contact resistance and

higher breakthrough voltages. In contrast, the in-situ contact provides linear IV character-

istics at a significantly lower resistance level.
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