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The concept of adouble-side, double-gate insulated
gate bipdar transistor (DIGBT) was first proposed and
simulated by Nakagawa[1]. Huang et al. later simulated a
DIGBT with atrench gate structure rather than aDMOS
topagraphy [2]. It has been predicted that such atransistor
is capable lower turn-off lossthrough the use of the
semnd gate to control excessminority carier chargein
the base. The transistor is esentially an IGBT with adive
anode shorting capabili ty as shownin Fig. 1.

A bi-diredional double-side, double-gate IGBT was
fabricaed utili zing low temperature (~400°C)
hydrophobic direa wafer bonding[3,4]. The primary
advantage of the very low temperature bonding processis
that device wafers can be fully fabricaed (with
metalli zation) and qualified prior to bonding thus
reguiring only conventional single-side processng. The
low temperature (~400°C) anneding approach avoidsthis
problem and has been shown to be dfedive if anned
times are sufficiently long to provide adequate bond
strength for dicing and padkaging [5].

E1l Gl

E2 G2

Fig. 1. Cross section of double-side, double-gate IGBT (DIGBT)
showing generic labeling of terminals. The broken line indicates the
location of the bonding interface.

The transistors were fabricaed by joining identical 100
mm IGBT wafers supplied by Dynex Semiconductor. The
fully functional IGBTs were nominal 3.3 kV, 50 A parts
with an adive aeaof 1 cm? and DMOS gate structures.
Slight modifications were made to the IGBT process sich
asthe dimination of badk metal and protedion of the Al
pads and pdyimide passvation with 0.5 um PECVD
nitride. The wafers were bad thinned to a thicknessof
~250um and the badk sides were rendered smoath by
chemicd mechanicd palishing. The substrates were
thoroughly cleaned with an RCA processand the back
sides were rendered hydrophobic by dilute HF treament

delivered through a spin/spray system. No rinse foll owed
the HF step so it was important to limit HF expaosure of
the front side. The wafers were digned by mechanical
registration of predsely sawn flatsin a aistom bonding
jig. Followinginitial contad the wafer pair was anneded
under light pressure & 150°C foll owed by a 400°C anned
in N, for 5 hours.

With the badk gate disabled, the forward voltage drop,
Vce(sat), was 1.6 V at 20 A compared to 2.7 V for the
reference|GBT. The lower observed DIGBT forward
dropisdueto greaer injedion from the forward-biased
p*-base that ads asthe mlledor (E2), but is also
indicative of minimal recombination at the bonding
interface With the back gate enabled the forward drop
incressed to 3.4 V. The forward and reverse blocking
voltages were 1706-1800 V.

Inductive turn-off behavior was gudied in apulse
mode cnfiguration (summarized in Tablel). Both the
DIGBT and reference IGBT were switched at 20 A and
600V. The switchingloss and fall-time were dealy
improved by switching G2 prior to switching G1 off. The
benefit of the bad gate switching wasimmediately
apparent and Eqrr dropped to nealy half for no lead time
over the cae where G2 was disabled (i.e., no badk gate
bias applied). The benefit of the bad gate switching
diminished asthe lead time increased hut at 15 psthe
turn-off loss and fall time were similar to the reference
transistor at 3.84 mJ and 198ns, respedively. The turn-
off delay time dso deaeased to nea that of the control
devicefor abadk gate lead time of 15 ps. Overal, the
DIGBT givesaV cp(sat)-Eorr trade-off improvement of
40% over the referencesingle-side IGBT.

Summarizing, abi-diredional double-side, double-gate
IGBT has been charaderized. Significant improvements
in the trade-off between turn-off disspation and forward
drop are observed with the use of the second gate.
Compared to an equivalently rated IGBT, a40%
reduction in V cg(sat) was observed due the geometry of
the DIGBT, but the turn-off losswas gmilar with the ad
of the second MOS gate.
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Table . Measured inductive turn-off parameters.

Measured | Ref. | G2 Gate 2 Lead Time (Us)

Parameter | IGBT | OFF 0 25 5 10 15

Eorr(MJ) | 3.83 | 203 | 110 | 890 | 6.95 | 4.46 | 3.84

Fall Time | 190 | 4010 | 3711| 2180 | 1106 | 211 | 198
(ns)

Delay Time| 324 | 323 | 505 | 505 | 486 | 388 | 323

(ns)
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