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Power semiconductor devices having recessed gate elec
trodes are formed by methods which include the steps of
forming a semiconductor substrate having a drift region of
first conductivity type therein extending to a face thereof and
forming a trench in the substrate so that the trench has a
bottom which extends opposite the drift region and a side
wall which extends from the drift region to the face. The
sidewall may extend orthogonal to the face or at an angle
greater than 90°. A preferred insulated gate electrode is
formed by lining the face and trench with a gate electrode
insulating layer and then forming a conductive layer on the
gate electrode insulating layer. The conductive layer is
preferably formed to extend opposite a portion of the face
adjacent to the trench and into the trench. A step is then
performed to pattern the conductive layer to define a
T-shaped or Y-shaped gate electrode which fills the trench
and also extends opposite the face at a location adjacent the
trench. This step is preferably performed without planariz
ing the conductive layer using techniques such as chemical
mechanical polishing (CMP). Emitter/source and base
regions of first and second conductivity type, respectively,
are then formed in the drift region. Preferably, the emitter/
source regions are formed in a self-aligned manner to an
edge of the patterned gate electrode. In particular, the
emitter/source region and base region may be formed by
implanting emitter/source and base region dopants into the
drift region, using the gate electrode as an implant mask, and
then diffusing the implanted dopants to define an emitter/
source region within a base region well.
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