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Novel Characterization Technique of pn Junctions for Advanced LSI

O Junction Leakage Mechanism Induced by Single Oxide Precipitate in Silicon Diode

goooo
TSUCHIAKI Masakatsu

ogooono
FUJIMORI Hiroyuki

ogoooo
IINUMA Toshihiko

000000000 00D0O0O0DOO0O0bOOO (Oxide Precipitate) D O0O0O00O0 pnOO0O0OCOODOO
gogboooooooLsidpniboogooooooooobooboobooobobobobobobonboon
ggooobobbbobooooooooboobbboooooooboboobobboooooobbbbboooooooDboon
ggboobooobooboobbooboobboboboobooobda

gobbdpnbboob* 0oL Dobbooobooobbooobboobooobboobboon
ggboboooboobbooboobbooboobooobooboooboobbobo

The impact of a single oxide precipitate, an extended defect in silicon, on junction leakage was directly observed and thoroughly
investigated with new characterization techniques. It was found that the electric field in the depletion layer facilitates the hopping of
electrons via the silicon/precipitate interface states into the associated thermal donor formed nearby. The leakage current was

generated by field enhanced thermal emission from the donor.

Insights on the specific leakage mechanism obtained through pn junctions allow electrical detection of the corresponding defects

at a sensitivity far exceeding that of physical analysis.
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TEM cross sections of oxide precipitates
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Junction leakage current induced by single oxide precipitate
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Leakage current dependence on depletion layer width W
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Leakage mechanism shown in energy band diagram

00000000 0000”0 1/f000

oomoooooooooobooooobog oo roooo
o00o0ooobDooDoO0obOoOobDOoOoDOob0OoDOpn
oooogo* ooo” DooobooooDOooboooboooo
O oooo’"ooobob0oooomoooobvOobDooo
oooooboooboooooooooaooon

ID00oooboooooboooooo4000o000oo
oooooooboooboooooboooooooooon
ooboobomooooobooogboooooobooon
gocoobooooooboooobodoooooooon
ooboboooobobooooboobooooooobOooon
goboooobooobooooooooobooobooo
onoboooobooooooo

gobooobooooboobooooboooooan
oO0O0oo0o0O0o0cO00O0O0O0OO0DOb0a@OO0ybOOO
“oororvobooboAOEODOODOOOOOOOOO
ogbooooooooobbooooooooobooboon

oococonnnoo

= eeee100000OOD
N
S 022
g1 a /0P 0y 71320 wE 0
H woanf
[}
[}
O qpo24 <
[}
[m] =
DDQDZ{
10726 | | |
1 10 100 1,000 10,000
00 HzO O
ODaonooon
10\_167
O L
2
o 10°8
O
O
O
O 10[]10
O
10[]12
| | | | |

0 02 04 ue us 010
opoboooowvvoo

ObOOOOOOOO

00o0ooo0OooooO0oooooooooba@obmooOoO
AJOEOO0OOO0OOODOOODDOOOVfOODOOOODDO
gooooo

Low-frequency noise spectra of leakage current
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Schematic illustration showing mechanism of leakage induced by
single oxide precipitate
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