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The quantum yield of impact ionization is performed onrachannel metal-oxide-semiconductor
field-effect transisto(n-MOSFET) by a carrier separation measurement. Whenrth@OSFET is

biased in accumulation, the carrier separation measurement demonstrates that the gate current
mainly originates from the electrons injected into the underlying drain/source overlap regions. The
measured substrate current is due to excess holes originating from the impact ionization of the
injected electrons in the overlap regions. Therefore, the quantum yield in the overlap regions can be
determined by the ratio of the substrate current to the gate current. It is well matched with the
theoretical calculation of quantum yield. @004 American Institute of Physics.
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p-channel metal-oxide-semiconductor field-effect tran-plotted in Fig. 1. Third, since the substrate current has a
sistors (p-MOSFETg are generally used in the study of negative sign, this indicates that the impact ionization in-
quantum vyield of impact ionization for electrons in silicon. duced holes flow down into the substrate. However, these
The quantum yield experiment by a carrier separation conholes could be either generated in the overlap regions or in
figuration can essentially assess the energy of electrons ithe substrate region.
jected into the gate oxideSuch an experiment on™-poly The quantum yield experiment gives strong evidence to
gatep-MOSFETs in the stress-induced leakage current modéhe validity of the impact ionization in the overlap regions.
has evidenced the inelastic trap-assisted tunneling mechdhe quantum yieldy, which is determined by the ratio of the
nism of injected electrorsFor p*-poly gatep-MOSFETs  Substrate currerity to the gate currenit, is described as a
the inelastic trap-assisted tunneling mechanism in the stres&inction of the electron energl.. Assuming the electron
induced leakage current mode has also been progoRed. energy E. is equal to the potential drop across the oxide
cently, it has been reported that quantum yield experiment§Ee=0Voy, featuring quasiballistic transport. In the gate-to-
can be performed directly on a triple well structure ofOverlap regions, the oxide voltag¥,, is expressed as
n-channel metal-oxide-semiconductor field-effect transistors
(n-MOSFETS.* Therefore, this work focuses on the gate-to- V<o
drain/source overlap regions of ansMOSFET. N

The n-MOSFET withn* -poly gate was fabricated in a TT Ie
state-of-the-art 0.1um process. The gate width/length as-
pect ratio is 10Qum/0.13um. In this process, the gate oxide
was thermally grown in dilute oxygen ambient. The physical
gate oxide thickness was determined to be 2.6 nm by using
an |-V fitting method® A schematic illustration of the ex-
perimental set-up of the carrier separation measurement is
shown in Fig. 1.

Figure 2 depicts the dependence of the measured gate
currentlg, drain currently, source currentg, and sub-
strate currentiz on the gate voltagd/q in accumulation.
This figure concludes three points. Firg{~|g indicates the
symmetry of experimental set-up. Secohg=Ip+ ¢ satis- J_T I
fies in the direct tunneling regime-{4 V<V;<0). It effec- _ ="
. . . IptIs=(y+1) Ic
tively points out that the electron current paths are mainly

Ie=7vIg
from the gate terminal to the drain and source terminals, as
FIG. 1. A schematic illustration of the quantum yield experiment in the
n-MOSFET. The closed and open circles represent electrons and holes, re-
3E|ectronic mail: kevinkang@umc.com spectively. The dotted lines represent the depletion region edges.
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FIQ. 2. Four terminal currents of theMOSEET are measurgd in accumu- FiG. 4. Energy-band diagram in the overlap regions is givertaion* -poly
lation. The polarity of the substrate currditis especially pointed out. gateh-drain or sourceb) n*-poly gatep-substratei~-drain or source.

reasonable to infer that the impact ionization in the substrate
region is negligible due to a small channel length.

B . . To further interpret the edge quantum vyield, the energy-
Ve—Vy, whereVy is the overlap band bendinyy can be 4 diagram in the overlap regions is depicted as follows.

_obt_amed by using a depletmp approximation. Due to _the COF|gure 4a) shows how the injected electrons from the gate to
incidence between the resulting ration the overlap regions . . L .
: P .. drain/source overlap regions transfer energy via impact ion-
and the quantum yield theofyas shown in Fig. 3, itis . . . . 2 .
; e ization. A more interesting phenomenon is highlighted in
named as “edge quantum yield” in this work. On the other _. T :
o : ST Fig. 4(b) for the electrons injected into the substrate. We
hand, the possibility of impact ionization in the substrate :
0 : e . assume that since a small channel length allows lateral qua-
region is also considered. Similarly, thg, in the gate-to- 57 . . . .
. : siballistic behavior, the energetic electrons will traverse to
substrate region is expressedvas E4/q, whereEg/q is the ! X
. : . the drain/source collectors without energy loss. When these
silicon band gap in volts. The discrepancy between the re;, ~ . 4 .
: oS . . “hot” electrons enter the overlap depletion regions, they
sulting ratioy in the substrate region and the quantum yield L L
5 . . S . would transfer the energy via impact ionization to become
theory, especially at- 3 V<V<0, is shown in Fig. 3. Itis | ”
cold” electrons eventually.
In conclusion, the edge quantum vyield experiment has
been successfully performed onMOSFET and its physi-

. - 6 cal basis has been clarified. The experimental data are in
10 o« i:()ttnye [0‘]/ erlap regions [ 7] excellent agreement with theoretical calculation.
ol ® ¥ inthe substrate region i The authors would like to thank Mingte Lin, Oswin Lo,
Rita Chen, Charles Jiang, and Michelle Chiang for their use-

ful discussions. Also, the authors are grateful to Dr. Thomas
Huttner and Dr. Michael Rohner of Infineon Technologies for
their valuable comments.
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