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By scaling [1] semiconductor thicknesses, lithographic dimensions, and contact resistivities [2], the bandwidth of
InGaAs/InP DHBTS has reached 550/1100 GHz f; /fi.x at the 128nm node [3]. Two difficulties are faced in scaling
to the higher-bandwidth 64nm and 32nm nodes. Auger recombination in the ~10*’/cm’ -doped base, and electron
transport from the emitter to the base contacts [4] both cause DC current gain B to decrease with scaling. Though <2
Q-pm® base contact resistivity, necessary [1] for >1.5THz f,.., has been demonstrated on test structures [2],
obtaining such resistivity in processed HBTs is difficult because of process-induced surface contamination. Because
the base is only ~10-15nm thick [1] at the 64nm and 32nm nodes, it is difficult to remove surface contamination by
etching, or to penetrate though it with Pd/Pt alloyed contacts without consuming the entire base thickness. If, as with
Si/SiGe HBTs [5], the InP HBT has a thin P— intrinsic base under the emitter but a thicker P+ extrinsic base under
the contacts, then Auger recombination is reduced, increasing B, the P+/P— junction field inhibits electron transport
to the base [4], again increasing 3, and the P+ extrinsic base can be made sufficiently thick for surface contaminants
to be removed by etching or penetrated by alloyed contacts, reducing contact resistivity and increasing fi.. Such
devices can be formed by base [6] or emitter regrowth [7]. Here we report a self-aligned process to form such
devices in InGaAs/InP by emitter regrowth by MOCVD. We show initial DC results.

Fabrication (fig. 1) starts with deposition of a SiO, mask the p-InGaAs base. Emitter regrowth windows are
etched into the oxide, and the exposed base is digitally etched to thin the intrinsic base. The emitter, 15nm InP
(5-10'® cm™), 15nm InP (4- 10"°cm™), and 20nm InGaAs (4 10'%cm™), was then regrown at 600 C in a Thomas
Swan 2” MOCVD reactor using TBP, TBAs, TMI, and TMG sources. During regrowth, hydrogen passivates the
carbon base dopant [8]; the hydrogen is removed by a 500 C anneal [8]. Emitter metal is lifted off, the oxide mask
removed, the base mesa defined by wet-etching, the base and collector contacts deposited, and the collector mesas
isolated. The emitter metal overhang on the oxide allows for self aligned base metal deposition. [4] proposes a more
complex, fully-self-aligned process.

Fig. 2a shows a TEM image of a 500nm width regrown emitter and its contact. Fig. 2b shows the emitter-base
junction, the 10 nm intrinsic base and the 15nm extrinsic base. The total base is graded from 9-5- 10*°cm™ doping
and is 25nm thick. The present devices suffer from high base-collector leakage from penetration of the contact metal
through the base at the junction edges (fig. 2c). The base contact resistivity is also high. These process difficulties
are unrelated to the base emitter regrowth process and are readily resolved. Fig 3. shows log(l)-V characteristics of
the base-emitter junction. The Gummel characteristics (fig. 4) show  ~11 at Vcg = 0 V. As the fabrication and
regrowth processes are resolved, MOCVD emitter regrowth may provide a means to decouple the parameters of the
HBT intrinsic and extrinsic base, thereby permitting high DC current gain and low base contact resistivity in highly
scaled InP HBTs.
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Fig. 1: HBT process flow: A regrowth window is defined and the semiconductor etched (a), the emitter regrown (b), the emitter
contact deposited (c), the base mesa etched and the base and collector contacts deposited (d,e).
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Fig. 2: TEM image showing cross section (a), the 500nm emitter and base contact to its right. The left base contact is further due
to misalignment, and is not shown for space considerations (b), the base-emitter junction, and the intrinsic and extrinsic base (c),
the base mesa edge. Base metal penetration at the junction edge on this sample causes high leakage.
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Fig.3: DC characteristics of the Fig 4: Gummel characteristics in

base-emitter junction. common-base configuration.



