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»>> Floating body effect in .t l.device AN Jastumasanin

v

Vdd

substrate

For PDSOI, because of the reu. 2 body
region, the holes caused by 1. nac.
ionization will accumulate in it and rise

the body potential.

For FDSQ’, “ere 1. not floating body
effect 2 ~orr 2" conditions because the
sili=on Tl is fully depleted.



»> Floating body effect vi+DSOI  £35 asznseswix

m A large amount of ehps will %n

generated immediately after ion < rike.

B Some electrons will b~ “alickly
collected by electrode, the i nicining
holes will rise the body potential.

B The rising of the body potential will
decrease the t .=shold voltage. The
parasitic b'oc ar miay be turned on
and resticin 172 bipolar amplification
effef.

B | oatit = body effect in FDSOI is a

mpourary phenomenon caused by

“~n strike. 4
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>>> TCAD simulation cor.c.iton A s suih

ACADEMY OF SC1

ty se:'MOS Mobility:
= har~ . length: 0.18um DopingDependenca
'Th kness of SOI: 60nm Enormal
state: OFF HighFieldSaturau i
LET : 0.4pC/um Recombination:
Width if the track: 0.07um SRH(DopingDependence)
Strike time: Os £ qer(WithGeneration)

Substrate

Strike position: perpendicula’” Radicive
through the middle of the'gate ¥ :lanche
Dour'e-SOl structure TTAD ¢ at

v [P2Al'F =5 a wider back-gate voltage range w th ir ?:pendent electrode
-2 could have excellent anti-radiation pe  ormance by applying appropriate

‘ack-gate voltage. ’



>>> Accumulation of holes i) iie body £ Tasanesatk

ROELECTRONICS OF THE CHINE:
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B Sc cunentis close to zero at 2ns after ion4u ke

¢ The 2 is still many holes remaining in the bod. "at 9ns after ion strike

Holes will remain in the bgdy ior a relatively long time



»> Decrease of threshoi” voltage S fu#*nueuix

" UTE OF MICR ROMICS OF TH
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Id Vg -urves from different time after ion strike ‘he threshold voltage changing with time

1.2 1 vating body effect lasts for a long time, 1nd 1 can be predicted that the

th.cshold voltage of the device will not r2cove \to a normal level within a few tens

8
of nanoseconds.



>>> Components of SET AN Jasinnesui
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B Pron.pt 'urrent: clectrons were collected by drift, holesteinar ed in the body .

B [ ifi. 0. current: hole current is slightly larger than~le fron c.rrent, extra holes are slowly dissipate
To.. .ae body.



»> Analysis of diffusion ~arrent S fausaneswis
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(n+ p)D_ij,

‘4

a

N, + PU,

In high injection condition, diffu ‘on -,
the main transport mode. Electrot.. and
holes will share the same drifusion
coefficient and mobility because the
separation of the holes and electrons will
form a electronic fie.a »nd then influent the
behavior of carricrs This makes the SETs in
PMOS and NG are similar.
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»> Influence of the back-g » --voltage ¢>> -?(.ﬁﬁ St 545
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SET nnde. different back-gate voltage condition

¥ “orl " 1OS, the current in the fall period |
s decreased by negative back-gate

voltage
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>>> How the back-gate volta ». works L Tautnmesnis
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B As 1e rack-gate voltage increases in the negative dire tic 1, tiie conduction band energy at the
vac - 1r. rface rises (the body potential drops)

& T..Jody potential can be reduced by applyine a nc_ative back-gate voltage, thereby
~appressing the floating body effect 12
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222> Hole concentration with differe. t vack-gate bias 9;7} s % s S %
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M. " 'egat, = back gate voltage will increase the concera."on >t holes in the body
® H)l<s5 in the body are attracted by the back gat< pote t:.1 and move to the back
‘neerface. The positive potential generated b, t .= hole charges will be offset by the

negative back-gate voltage. .
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>>> Shortcoming of existing ~.cdel £ it shik

ROELECTRONICS OF THE CHINESE ACADEMY OF SCI| &

4x10°-
SR LET = 1 pC/u d)
3x10°

extrapolate o0 oael
without bipoi s amplification

SET model

1x10°+
with bipolar amplification

U 1x10™° 2x10™°

t(s)

Existing model has diticulty
in rebuilding the SET curve
because - of the bipolar
amplificat.o. effect.
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INESE ACADEMY OF SCI| 3

>>> Three components of SE" _urrent £ Tausamesanii

1. Prompt current (electrons). i Charging and discharging ¢

o 0 ¥
2. Diffusion current (holes and lectrons). © capacitahce

3. Bipolar amplification « :rreut (electrons).
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>>> RC circuit model L Tautnmesnis

INSTITUTE OF MICROELECTRONICS OF THE CHINE:
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>>> fitting results
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»>> Electron current from the bocy %;—}} FaH% 0w 385

AcaoEMY oFsC1 8

0.8 .
The electron current consists

£0s the prompt current and the
. diffusion. current, 1t can be
504 -
© modeled ‘w.*h another two RC
0.2 circu ! ¢ mbination.
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Time(ps)
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>>> Simulation results with diffe

—LET = 0.4pC/um
o

~LET = 0.3pC/um
(-]

—LET =0.2pC/um
o

—LET = 0.4p

60

22



>>> Discuss of this model A8 Jantnmvuih

" OF MICROELECTRONICS OF THE CHINE:

 Advantage : this ¢ ~a.'.estores the SET current by moac = €y
components of it.© =.v step has very clear meaning in physics and has a
good fitting.

* Disadvantage: this model has too many parameters. . me of them have
clear physics meanings, but some of them is not mu/ n ' lear or hard to be got
by ¢ lculation.
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> Summary ¢>> -ﬁm .ﬂdmmﬁm

v For FDSOI devices, some el *ctins generated by heavy ion strike quic’ay
drift to the electrode, ¢ .usn ¥ accumulation of holes in the body i 0.
leading the bipolar am ». ficauon effect.

v" Because of bipolar ¢ fiusion and drift, the loss of holes accumulated in the
body area is relatively slow, and the floating body effect will last for a long
time.

v The negative back gate bias can decrease the Undy rotential, effectively
U, pressing the bipolar amplification effect.

v A UET model is proposed. It rebuilts th¢ tran ent curve by model every

components of it.








