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S1. Effective AC circuit model



S1. Effective AC circuit model

We use an effective AC RC circuit, shown in Figure 1c, to model the AC electrical transport in
the TMD heterostructure. C1 and Cg are the geometric capacitances between the TMD and the
top and bottom gates in region 1, respectively, and C: is the geometric capacitance between the

TMD and the bottom gate in region 2. The geometric capacitances are defined by C; = %T.Ai,

where &, is the dielectric constant of the gate dielectric, and A;i and di denote the relevant capacitor
area and separation. Cq and R are the quantum capacitance and resistance of region 1, respectively.
The ODRC signal measures the modulation induced optical contrast change in region 2, which can
be understood as the optical response to an effective voltage change on region 2 (AV,) due to the
AC capacitive excitation in region 1 (AV):

/ S

AV, = AV| 1— ilwC; iwC, ’
| 1 + 1 | L +R+ L
\ iwC; iwCy + . 1 . / iwCy lwCy
iwCy + iwC, +R
which can be simplified to:
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For simplicity, we define an effective capacitance as
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The effective voltage change leads to a total charge change AQ in region 2:
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and corresponding change in hole density:
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where e is the electron charge. The ODRC signal, AOC, is related to Afi by the optical detection
responsivity a, which describes the change in the optical absorption for a given change in
doping:
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il + o at high doping, where the

quantum capacitance is much larger than the geometry capacitances and has negligible
contribution. This value of « is also consistent with the value determined by the doping-
dependent optical absorption of region 2.

The responsivity « is set to 1.4 x 102 cm?, so that
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