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Fig. 1. (a) Diagram of SONOS structure; (b) 2 x 2 bit

flash cells mini-array and the TEM cross-section.
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Table 1. Operation conditions of the SONOS single flash cell.
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Fig. 2. I-V characteristics of the programmed and erased
single SONOS flash cell after total ionizing dose irradiation
by %Co-y rays.
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Fig. 3. (a) Threshold voltage and normalized memory
window, and (b) stand-by current of the programmed and
erased single flash cell after total ionizing dose irradiation

by %Co-y rays.
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Fig. 4. I-V characteristics of the programmed and erased
single flash cell after total ionizing dose irradiation by 10 keV

X-rays.
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Fig. 5. (a) Threshold voltage and normalized memory
window, and (b) stand-by current of the programmed and

erased single flash cell after total ionizing dose irradiation
by 10 keV X-rays.
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Fig. 6. Diagram of MT’s SONOS structure constructed in
Sentaurus TCAD tool, with main physical parameters

derived from the cross-section TEM information in Fig. 1.
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Fig. 7. Energy band diagram of programmed SONOS
device based on Fig. 6, which illustrates sub-physical

processes of total ionizing dose effect.
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Fig. 8. Sub-threshold slopes of the programmed and erased
single flash cell after total ionizing dose irradiation by 10 keV

X-rays.

INFFRTT ) ) — > E 2 AR OB AL B R R
HLUL Ltana-vy FOHEIN. 35 IR AR R S PR 32 2240 455
1) INFFERTTHY F VAR B Lianany AT
G A8k, ELNE 4 AT LAA B X 552 2
FEAS LV E MR i RS UL E 7 |
SCoHT), INBEAE Lganaony £ BN IR AL FEERERAS
JEEARZ; 2) WA T A A R A P A AR
SR VA V) T 85 T 2 S L DN A B ) R B ] 25
WG AT Y MT AT S50 — > 32 A Al
PAASBF A AR IR IR0 a9 B, F A A
B AT SO SR AR X A, A T (R T K
R, M AL/ A RS A2 e AR T Y B B
PR, S I L FL R 7 1) RS T A P AR
(AVin) 58RI 19F 7 S BRIE FE PO, R
A SBOH SRR Y A A A A 7 AR A B AV, B
PERS. DA TR KT B A7 A Al A R

PRI G B U T 7225 L, 76
PRE )V RRE M s ML ) — 527
25 A L 5 R 0 S M A LB, BT
WEAE 1,-V, IR IX.

B S
"~
7 N\
I, \\
it \
_ = ,',ONO§IZ<' \\ [
4 BB, & ff #
A b AT 4| e P E
o) ERGE (o)
Lﬁq’ 1 A S
Wt \ WA iE /
(a) (b)

B9 (a) INFEERIT R MT f4 A Joj 135 Pl 90 18 340 2% 0 U el
AR (b) WHEZR A— A", MT W S8l — > E MRS 5
AR S URAS Y DRI, MT 52 3% I 29 S Ak Ak S R 2 08
T B LR LR A

Fig. 9. (a) MT top view with the leakage paths at the
channel edges; (b) cross-section of MT along line A- A'
indicates that MT can be considered as a main transistor
in parallel with two parasitic transistors. The formation of
the inverse layer along the isolated oxide leads to the

generation of parasitic currents.
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Fig. 10. MT device model established by Geant 4 tool.
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Fig. 11. Dose enhancement effect of X-rays on high-Z materials, simulated by Geant 4 tool.
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Total ionizing dose effects of y and X-rays on 55 nm silicon-
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Abstract

The total ionizing dose (TID) effects on 55 nm SONOS flash cell, caused by ®Co-y ray and 10 keV X-ray
radiation source, are systematically investigated in this paper. The degradation of electrical characteristics is
discussed while the underlying physical mechanism is analyzed. The drift of I-V characteristic curve, the
degradation of memory window, and the increase of stand-by current are observed after TID irradiation
separately by the two radiation sources. The data retention capability is also affected by the TID irradiation.
The IV, curve of the programmed single flash cell significantly drifts towards the negative direction after TID
irradiation, while the negative drift of erased state is much slower. Referring to the erased state, the drift
directions of Ij-V, curves for y- and X-ray radiation source are obviously different. The physical mechanism of
irradiation damage in a 55 nm SONOS single flash cell is discussed in detail by the energy band theory and
TCAD simulations. The storage charge loss in silicon nitride layer, the charge accumulation, and the generation
of interface states all together lead to the degradation of threshold voltage and stand-by current after TID
irradiation. Another cause for the increase of stand-by current is the positive trapped charges in the isolated
oxide induced by irradiation, which leads to the generation of leakage paths. Significant dose enhancement
effect of X-ray irradiation is observed in this paper. Device model of memory transistor ¢ is established while
the dose enhancement effect of X-rays is investigated by Geant 4 tool. The high-Z materials above the poly-
silicon gate lead to the dose enhancement effect of X-rays’ irradiation, which results in the higher degradation.
The density of electron-hole pairs produced by irradiation in W layer is much higher than in Cu layer. In
particular, W layer is a critical factor regardless of the thickness, which can be obviously observed in the

simulation.

Keywords: flash, charge-trapping, total ionizing dose, dose enhancement
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