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57 ABSTRACT
Tlhl.s patent is subject o a terminal dis- Integrated power semiconductor devices having improved
clammet. high frequency switching performance, improved edge ter-
mination characteristics and reduced on-state resistance
(21)  Appl. No.: 09/377,006 include GD-UMOSFET unit cells with upper trench-based
(22) Filed: Aug. 18, 1999 gate electrodes and lower trench-based source electrodes.
The use of the trench-based source electrode instead of a
Related U.S. Application Data larger gate electrode reduces the gate-to-drain capacitance
(Csp) of the UMOSFET and improves switching speed by
(63)  Continuation-in-part of application No. 09/178,845, filedon ~ reducing the amount of gate charging and discharging cur-
Oct. 26, 1998, now Pat. No. 5,998 833. rent that is needed during high frequency operation. Meth-
(51) Int. CL7 ..o, HO1L 29/76; HO1L 29/94; ods accgrding to the present igvention also include the steps
HOIL 31/062; HO1L 31/113; HO1L 23/58 of fo.rmmg a trench in a semiconductor §ubstrate gnd then
(52) US.CL oo 257/330; 257/320; 257/331;  jonming af fnsulated source clectrode Tn ang adjacent 2
257/339; 257/488 ottom of the trench by OIming a rst electrically insu at%ng
5 Field of S h 5 ¢ layer on a bottom and sidewall of the trench, then forming
(58) Field o eal;57 331332333334 323 97/ ?ég’ 23(1)’ a first electrically conductive layer on the first electrically
/331, > ’ > ’ ’ 476 insulating layer and then forming a second electrically
insulating layer on the first electrically conductive layer
(56) References Cited using a thermal oxidation technique, for example. An insu-
lated gate electrode is then formed in and adjacent a top of
U.S. PATENT DOCUMENTS trench. Steps are also provided to form a source region of
3849789 A 11/1974 Cordes et al 357115 first conductivity type in the semiconductor substrate and
O, Ordes €l Al ©oovvrrees form a second source electrode electrically connected to the
i’gjf’éég 2 gﬁggg ?‘ilr;i(em ctal. ... 35375/;/312 source region and the insulated source electrode.
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