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undoped channel (higher mobility)
near ideal subthreshold swing
no latch-up

reduced source to drain leakage and short channel effects

enhanced back-biasing (low power consumption or increased performance)

highly resistant to single event effects (SEEs)
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Decreasing the Back-Gate (BG) bias :> Decreasing Threshold Voltage (Vth) for pMOS
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substrate substrate

collection of , in SOI, the BOX prevents the collection of the charge! @
charge in or near Single Event Effects
p-n junction (SEEs) TID = charge in oxides more prone to
, Total Ionizing @
BOX thickness = 22nm Dose (TID)
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How is the TID response?
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The radiation response is dominated by the charge in the BOX which causes the Vth shift

PreRad ”1.05 | ”.“1.06 B ..”.1.07 T 108 PreRad 10° 106 107

C\E\/RD/ .(Pﬂ- \“(IT Gennaro Termo | TWEPP2023

FEDERALE DE LAUSANNE Karl of Technology



0 ; S 150 e
[ f . pMOS Ivt : [ [—~@—0.12 ym s '
ool N . during irradiation: ]

L [-w -0.36 um X v
e LA Tz m
- 2, Vg =2V -

S0 e BN -

sat
7oIEN

[ multifingeré

60 |

............................................ Oh VRLRRREERERE

nMOS svt
 [—@—0.12 um

-80 F ‘7‘0-36 7350 (IR .........................
[ [~B@ 0.6 um - .

during irradiation :

| [=%-—1 pm
-100 o

PreRad

10°

106 108 PreRad 10°
TID [rad(SiOs)]

-
TID [rad(SiOs)]
Small dependence on

channel width :

@ mdm AT
\\J ECOLE POLYTECHNIQUE [
FEDERALE DE LAUSANNE

Karlsruhe Institute of Technology

Wider more affected by TID

Gennaro Termo | TWEPP2023

9



— I 50
pMOS Ivt ]

— —k
| | —@—0.02 pm| *,/ \\*
during irradiation : ] [ |~ v ~0.06 ym /o \\
| : 40 Flom 0.12 gl /ﬂ' ............................. -
SO0 F RN e Vas. =08 V. .. [ |-4--0.36 um| : *,' : g \‘\:
: / :
: : / : o ¥
: / oo
10 )] S S ol M g i
=Z _ 24 ' W=3 _ ;g P TS
50 40 L. W=3pmm R B Na ] e / : ¥
X 5 i nMOS svt *
20
-60 ||—@—0.02 um

L |- -0.06 pm

. /'/ o
i i/ :
......................................... \ﬁ\ .
L |3 0.12 ym
L |- #--0.36 pm|
-80 , —

) 1O prom s o8
: \\§ [
PreRad ' = N

................. during irradiation :
Vgs = 0.8V -
el e ()-/’ -

10° 106

Vps= 0V

i : VBG =-2V
107 PreRad

TID [rad(SiO3)]

10° 10
TID [rad(SiOs)]
Relatively high dependence

on channel length :
S |

</ ECOLE POLYTECHNIQUE A!(I I
FEDERALE DE LAUSANNE

Karlsruhe Institute of Technology

Longer more affected by TID

Gennaro Termo | TWEPP2023 1,



How is the annealing?
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Can we use the Back Biasing then?
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Not possible to compensate for TID degradation

Not feasible for real application with

Different BB for nMOS and PMOS thousands of transistors
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Summary

» X-ray irradiation up to 100 Mrad(SiO2) on devices of difference type/size
» The thick BOX makes 22nm FDSOI very sensitive to TID

» High Temperature Annealing was not effective

» Back-Biasing not able to compensate for TID effects

» Different back-biasing for different type
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