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Strain-Engineered Si/SiGe Resonant Interband
Tunneling Diodes Grown on &Gey» Virtual
Substrates With Strained Si Cladding Layers
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Abstract—Strain-engineered Si-based resonant interband tun-
neling diodes grown on commercially available SigGey » Vir-
tual substrates were developed that address issues of P dopant
diffusion and electron con nement. Strain-induced band offsets
were effectively utilized to improve tunnel diode performance
versus the control device, particularly the peak-to-valley current
ratio (PVCR). By growing tensilely strained Si layers cladding the
P -doping plane, the quantum well formed by the P -doping
plane is deepened, which concurrently increases the optimal an-

nealing temperature from 800 C to 835 C and facilitates an Stiffel et Isubbsttrtaégdfortt.hel bdrst time haﬁ been reforted 'l:y
increase in the PVCR up to 1.& from 1.6 to 2.8 at room tempera- >'S1e! €tal, butitdidnotinclude some enhancements permit-

ture, which is signi cantly better than previous results on strained ~ ted, exploiting the opportunities created with a virtual substrate
substrates. system [12]. The design of StSffedt al. explored the po-
Index Terms—Negative differential resistance, resonant inter- tential ITD compatibility and integra’Fion with pseudomorphig
band tunneling diodes (RITDs), semiconductor epitaxial layers, modulation-doped Peld-effect transistors (MODFETS). Their
silicon alloys, silicon germanium, strained layers, tunnel diodes.  report indicated a room-temperature peak-to-valley current ra-
tio (PVCR) of 1.36, but did not comment on the advantages of
|. INTRODUCTION modifying the Ge content.
One advantage offered by SiGe virtual substrates is that a
S'NCE Si-based resonant interband tunneling diodeggher overall Ge content can be inserted in the spacer region
(RITDs) grown by low-temperature molecular beam epip increase the tunneling probability, hence raising the resistive
taxy (LT-MBE) were brst demonstrated by Romneelal. [1], cutoff frequency, without exceeding the critical thickness [6].
numerous studies have been carried out to improve thehjs is partially promoted by barrier lowering and greater
dc/radio-frequency performance [2]D[7], as well as monolithigomentum mixing induced with the added Ge content due
integration of RITDs with heterojunction bipolar transistorg, the decreasing energy difference between the L and
(HBTSs) [8] and CMOS [9]. The RITD design and process ofa|leys with the increasing Ge content. Thus, enabling band-
Rommelet al.combined several key points: 1) p and-doped  tg-pand tunneling is enabled sometimes without participation
injectors to create dePned quantum wells (QWs) and satisfy §§a phonon. Furthermore, as the Ge content increases, the
degeneracy doping condition; 2) a composHayer inserted |ight-hole effective mass, which is involved in the interband
as a spacer layer between theloped injectors to minimize yynneling, is greatly reduced with the increasing Ge content,
which also improves the tunneling probability.
However, a second advantage created by SiGe virtual sub-
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Fig. 4. RepresentativeEV characteristics from Structures A and B ({18
diameter) annealed at their optimal temperatures, indicating that Structure B has
a higher peak current concurrently with a lower valley current than the baseline
sample.

Another signibpcant performance difference between
Structures A and B is the shift in the optimal annealing
temperature to a higher temperature with Sample B. It has
already been shown that higher annealing temperatures are
more effective in reducing the defect-related tunneling currents
fifat contribute to the excess current and are a major constituent
of the valley current, putting a limit on the device PVCR
[10], [11]. However, too high of an anneal temperature can
lead to dopant interdiffusion across the narrow junction
[5], [11]. The higher optimal annealing temperature of the
RITD with strained Si cladding the P layer suggests that this
structure is more immune to dopant diffusion at high annealing
temperatures and withstands a higher thermal budget.

According to Christensent al. [20], [21], P diffusivity in
compressively strained iy Ge, only slightly increases witk
because of the offsetting chemical and strain effects. Therefore,
only a slight reduction in the P diffusivity is expected in the
tensile strained Si layer of Sample B. The large and signibcant
increase in electrical performance between the two structures
tested cannot be explained by the slightly retarded P diffusion
alone. A more complete explanation of the improved PVCR is
that the strain-induced band offset also deepens thelane
QW, as shown in Fig. 2. The optimal annealing temperature
may also be increased because of the increasing strain-induced
Fig. 3. Comparison of PVCR performance of RITDs with and without thirlpand offsets. Therefore, the modiPed RITDs of Structure B can
tensilely strained Si layers inserted cladding the dping spike. be annealed at a higher temperature, which is more effective in

reducing point defects such as vacancies, without a concurrent
their previous reports of ITDs directly grown on a Si substrateeduction in quantum conbnement compared to the control
Stsffel et al. attribute the discrepancy to the surface roughnesample, which shifts device operation to be more Esaki-like,
of the virtual S 7Gey 3 substrate [12] and may be systemic téeading to a loss in resonant interband tunneling. Fig. 4 shows
the early-generation SiGe virtual substrates purchased for tthie currentbvoltage £V) characteristics of the two structures
letter too. However, it is clear that the insertion of Si claddingnnealed at their optimal temperatures. The comparison shows
layers in Sample B substantially improves the PVCR to 2.8,higher peak current density and a lower valley current density
which is a 1.& increase compared to the baseline contrah Structure B, hence a higher PVCR with the higher anneal
Sample A. temperature.

Fig. 2. Calculated band diagrams of (a) Structure A and (b) Structure B usi
a 1-D PoissonbSchrsdinger solver.
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IV. CONCLUSION

In conclusion, Si-based RITDs grown on commercially avail-

able Sp gGe 2 virtual substrates were studied. There are twcis] S. Y, Chung. N, Jin. P. R, Berger, R. Yu. P, E. Thompson, R. Lake

advantages of using §iGey » substrates: 1) the Ge content in

the spacer can be increased without exceeding the critical thick-
ness; and 2) a tensilely strained Si layer can be added, which
provides Rexibility in engineering the band structure of thgg;

RITD. By growing tensilely strained Si cladding theyfplane,
the QW formed by the R-doping plane is deepened, and

P outdiffusion possibly is suppressed, which leads to an in-

crease in the optimal annealing temperature and greatly im-
[10] S.-Y. Chung, N. Jin, A. T. Rice, P. R. Berger, R. Yu, Z.-Q. Fang, and

proved PVCRs.
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