Carrier Lifetimes in SOl Material

H.J. Hovel 30
IBM Corporation ” /\
P.O. Box 218 s % V\\
Yorktown Hts, NY 10598 % 20
(=]

Carrier lifetimes are an important indareof the > 15 I\ \ \IEFF =312ns
quality of semiconductor material. Low minorityrgar % I \ &13\
lifetimes are indicative of defects such as metal Z 10 ]
contamination and excess recombination centestaeking £ ’ w \
faults, decorated dislocations, or grain boundarlesv s B T
generation lifetimes are also indicators of defgoblems. 0
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In SOI material, the recombination lifeé is a TIME, nanoseconds

convolution of the “bulk” recombination in the filand the Figure 1. PC decay profiles of the Si film in 3 SOI

. . . . fi ited by UV | | .
surface recombination at the two interfaces: ilne ff waters excited by S faser pulses

surface and the film / BOX. The Si film / BOX imtace is
similar to a gate oxide / Si interface and app&afsave low
recombination velocities in both bonded material an
SIMOX. The upper interface therefore dominatesniie
recombination in SOI. Using photoconductivity dgca

excited by UV laser pulses, , the effective lifezim 30 k=
unpassivated SOl material is less than 1 nanosemahds - \ \
essentially unmeasurable. Passivation by the fiomaf a S 25
gate oxide on the upper surface reduces the surface E \ \ Low Cu
recombination velocity by orders of magnitude. dfity s \ K
carrier lifetimes in SIMOX range from 100 to 600 Y
nanoseconds, while lifetimes in bonded SOI have lase E \ \
high as 1.1 microsecond.. These are still fartleas typical ﬁ 10 :
lifetimes in bulk Si and indicate that even in peated SOI z w'“j” \
layers, surface recombination still dominates. frf@asured s ~N— T
decay profiles of 3 different SOl wafers are showhkigure 0 ! ! ! !
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The recombination lifetime in the bulkbstrate Figure 2. PC decay profiles for long wavelength

below the BOX can be measured using Ionger wavmeng excitation in metal-contaminated S0l substrates.

pulses where the light is weakly absorbed in thi#i8i

The BOX/substrate interface is highly passivatedhay
buried oxide and the lifetime is a true indicatafrthe bulk.
Figure 2 shows the PC decay for SOI wafers measatred
long wavelength with different levels of Cu contaation
as measured by SIMS [1]. The lifetime of 65 miewmnds
in the low Cu case is typical of “clean” bulk mas¢iafter
either SIMOX or bonding processing. The lifetimelie
high Cu case of 17 microseconds is typical of metal
contaminated SOI substrates. Similar effects Heen
observed in Ni contaminated material.
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The generation lifetime is a far bettargmeter to
determine the quality of the Si film than the retdmation
lifetime. The recombination lifetime is dominatiegthe
surfaces, as mentioned above, but the generat&imie is
nearly independent of the surface processes amaeth
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generation lifetime is a good measure of eventadgilace TIME, seconds
in the bUIK OT _the Sifilm , as Iong a§ the e!ch contacts Figure 3. Drain current decay after gate voltage removal
are not a significant source of minority carriefie using a pseudo-FET device, showing both hole

pseudo-FET [2,3] is an excellent device for meagyutie and electron generation.
drain current decay after the gate voltage is rexdoVhis
device places ohmic contacts on the Si surfacettasa
source and drain and uses the BOX as the gate.dxgiere

3 shows the drain current decay for pseudo-FET®rnmd
SIMOX wafer. The decay represents the generaifietinhe
magnified by (Na/Ni) which is over 2@t room temperature.
Both the hole and electron generation lifetimesioan
obtained by appropriate choice of the ohmic contact
metallurgy. The decay rates are highly temperatarssitive,
decreasing by several orders of magnitude for’aGfise in
temperature, making wafer mapping possible.
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