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Extraction of Barricr Heights in 5i/Si1.xGex
Heterojunctions with MIS Gates

Albert K. Henning
TRayer School of eering
Dartmouth College
Hanover, N.H, 03788

The advent of techniques to grow relatively
defect-free, epitaxial films of Si/Ge alloys (1] led
to the postulation of $i-Ge heterojunctions
buried bensath MIS gates (2] to achigve high-
performance MISFET’s and minimize hot-
carrier degradation. The poor quality of oxides
grown on these alloys led further to the postu-
lation of nitride growth on $i/Ge alloys, and a
complementary device structure (3) to over-
come the Type I band line-ups of SI/Ge hetero-
junctions [4). Recent interest [S] in the SUGe
MIS system shows the need for tools to extract
the electeical barrier haight of the S/Ce hetere-
junction beneath the MIS gate.

This paper demonstrates a simple exiraction
technique based on low-frequency C-V mea-
surements. The technique is considerably
simpler than that applied in AlGaAs/GaAs
heterojunctions using a Schottky gate [6]. It is
evaluated using & one-dimensional, numerical
simulator (7), moditied to include Si/Ge alloy
effects. The band-bending reference is changed
to the vacuum level using the electron affinity
tule (8). Low-temperatute and lowsfrequency
capacitance details are also enhanced [9),

Figure 1 shows a buried H} MISFET cross-
section. Figures 2 and 3 show the 1-D energy
bands for the MIS structure in two conditions:
VT3 (buried layer inversion) and Vs (surface
layarinversion). Figure 4 shows the qualitative
inversion charge versus gate voltage curve
axpected from a structure with two such thresh-
old voltages. Using the band line-ups in Fig-
ures 2 and 3, it may be shown that:
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This simple formulation assumes: no oxide or
interfacial charge exists; the gate electrode is the
same semiconductor as the surface semiconduc-
tor; no band-gap nacrowing occurs in the gate
¢lactrode; the substrate depletion charge is
ignored relative to the inversion charge; the

- surface semiconductor is relatively lightly
doped (g0 that band-bending is linear, and not
parabolic). Note that an undoped surface layer
would maximize mobility in the MISIET.
Since inversion charge is the integral of low-
frequency capacitance fromn thresheld to V¢ in
excess of threshold, th: practical form for Aty
extraction becomes
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The denominator is another expression for Cy.
Thus, one measures CLp (VG), integrates the
inversion portion of CLp to find inversion
charge and Vs, and the valence band discon-
tinuity becomes known,

To test this simple method, low-frequency
C-V curves were genarated using the modified
1-D numerical simulator mentioned eariier.
Figure S shows low-frequency, simulated C-V
curves for T = 300K and 100K. Figure § shows a
comparison between the basrier heights input
into similar simulations, and the barrier
heights extracted from the simple method of
the first exteaction equation. The structure sim-
ulated has Tox = 300 A, and 2 100 A surface
silicon layer. As expected from the assump-
tiony cmployed, better agreement is achieved
for lower doping, and for low-temperature C.V
curves, where KT/q is small compared to the
barrier height.

In summary, a simple bacriec height extrac-
tion method based an lowsfrequency capaci-
tance is proposed for MIS structures with a
buried heterajunction layer. The method is
evaluated against a2 modified 1-D numerlical
simulator.  Good agreement is achieved,
especially for low substrate doping and low
temperature. The method has been evaluated
using the Si/SixGet.x system, but may be
extended to any MIS system with a buried
heterojunction layer,
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Figure 1. Crose-sactlon of MISFET stcuctuze with buried
hetetajunction, Gate electrode is p*-poly. Substrate dop-
ing i» 103 cmv'3, astype. Bxtraction techalque and simula-
tions heea selate to the MIS poetion of this FEY structure,
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Figure 2. Band diagram for the devies shawn In Figure 1,
in inversion, at threshold for the buried layer. The
21DHG is confined by tha valencs band discontinuity,
AEy. The substrate is Sig.,Gey, where 3 may be less than
unity. AEg is the gate semiconductos-to-insulater band
discontinuity, Eg is the band-gap of the gate electrode
semiconductor. ‘/n is the thrashold voltage to invernt
the buzied layes. SEy is the quantity (0 be sxtracted.
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Figure 3. Similar to Figuse 2, this band diagram is for
VG = Vrs, the threshold voltage to invert the surface
semicanductor layern
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Pigure & $chematic of inversion charge density njyy vi.
gate potential Vg, calculated from the low-frequency
capasitance cutve, m = slope of the charge vs. Vg curve.
C7 is the total capacitance of the insulator and surface
silicon layer. Cins is the insulator capacitance alone.
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Figurs 5. Capacitance curves for N4 3 1014 cm-3, Solid
ting is for T = 300K; broken line for T = 100K. “DEV” is
the valence band discontinuity SEv.
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Figure 6. Extzacted vo. sumulation Darrier huights using
AEy equation in the text, for Ng 5 1034 cmd, Solid line iv
T = 300K; other curves descead in temperature by 30K, so
that the last cusve is fos 100G .



