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Radiation Environment

Radiation Effect:

cosmic rays

> Total lonization Dose- TID

trapped holes in the oxide and interface traps
at the Silicon-oxide interface will affect the

device performance parameters

»Single Event Upset-SEU

" the state change caused by one single ionizing

particle striking the sensitive node of a device
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SOI vs DSOI

Viate
Vsource Vdrain

SOI
Advantages: [>

v' good SEU suppression because of the buried
oxide isolation(BOX)

positive oxide

Gate trapped FD-SOI #"**
oX charges

Vgate

Vdrain

Vsource

Body interface traps

<] Disadvantages:

v the TID effect is even worse in
FDSOI because of the introduction
of the buried oxide layer(BOX) and
the coupling effect between the

FD-SOI '** front and back gate
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SOI vs DSOI

DSOI

has an additional Si

layer (SOI2)

With SOI2 (Advantages):

compensation of TID effect

VSOI2 controls the positive trapped charges in the oxide
compensate NMOS and PMOS seperately

the compensation voltages needed for NMOS and PMOS are different
‘reduction of back-gate effect

the back-gate effect can be suppressed with SOI2 biased at a constant
voltage
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SOI vs DSOI

» TID Experimental Results of DSOI(0.2um FD NMOS

v’ Irradiation state: OFF
v’ Irradiation dose rate: 50rad(Si)/s
v Irradiation dose: high up to 5Mrad(Si), by 6°Co y-ray

VSOI2_OV

®  QOKrad(Si)

o 100Krad(Si) . oKrad(S

4 300Krad(Si) r?(d( i) .

¥ 500Krad(Si) Z ?OI\C/I) rad§S|)

< 1Mrad(Si) rad(S!)

" Mired) T SV
3Mrad(Si) .

+ 4Mrad(Si) > 4Mrad(8!)

*  5Mrad(Si) 5 Mrad(Si)
I ' T
1.5 2.0 1!5 2.0

IV shift negatively due to radiation induced holes.
By applying Vo, properly, IV curves can be recovered.
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TCAD model for DSOI

» Software used:
Cogenda TCAD device modeling tool(focus on radiation effect simulation)

» Main characteristics of DSOI(NMOS)

Vs V¢ Vo  Vson e
FDSOI technology; floating body device =21 5011

v'SOI1 thickness: 46.7nm

v'BOX1 thickness:158.7nm

v'SOI2 thickness: 84nm

v'BOX2 thickness:156nm

v'Core gate oxide thickness: 5.6nm

v'Substrate: p type, resistivity >1000 ohm-cm Sub

v'SOI2: n type, resistivity ~10ohm-cm

v'Channel stop implant: 15nm to 46.7 nm below SOI1 top surface with peak conc.
5e15cmA-3.

v'Vt implant: 0~12nm below SOI1 top surface with peak conc. 1.6e18cmA”-3.

v'LDD implant: peak conc. 9e18cmA”-3 at SOI1 top surface. Offset to Poly edge is zero.

v'S/D implant: 0~15nm below SOI1 top surface with peak conc. 2.0e20cm”-3. Offset spacer

distance is 100nm.
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TCAD model for DSOI
» Physical models used for TCAD modeling

Mobility model Lucent
High field saturation model
Impact ionization model Selberherr
Tunneling model BBT model
. . - low field mobility model
v Lucent High Field Mobility Model W Tt

This model incorporates Philips Unified Mobility model and the Lombardi Surface
Mobility model, as well as accounting for Caughey-Thomas model.

mobility in the (MOS) inversion layer high field velocity saturation

—1
1 1 1
suitable for MOS simulation! Hg = (— + + )
Hp Hac Hsr

Philips Lombardi




TCAD model for DSOI

v’ Selberherr Impact ionization model default avalanche model
The generation rate of electron-hole pairs due to the carrier Impact lonization (1)
is generally modeled as:

j [ EC!‘H Yap
P o0 n.p
+a,— App = EIHJ’P(T] exp |— ( =

J,
G =a
-4 =4 i3

\ /
... .. Selberherr
ionization coefficients

v' Band-to-band tunneling model
Many studies have shown that the combined impact of BBT and positive trapped

charge in the buried oxide is a significant factor in the radiation response of
floating body FDSOI NMOS.

" 3/2

E’ E

GBB = A.BTBT - . exp (—B.BTBT : fE )
JE
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TCAD model for DSOI

» TCAD simulation results vs. experimental results

DSOI NMOS (W/L=8/1)

Solid lines: simulated curves
Dotted lines: experimental curves

Kink effect because of floating body
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good correspondence!
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TCAD model for DSOI

» TCAD simulation results of DSOI NMOS

Suppression of back-gate effect

V0,=0V, IDVG curves with
different Sub voltages.

7.00E-05

BOX2

6.00E-05 —g— \/sub=0V
== \Vsub=-5V
== \/sub=5V

5.00E-05

4.00E-05

<
\
O 3.00E-05

2.00E-05

1.00E-05

0.00E+00

SOI2 works as a good shield!
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TCAD model for DSOI
» TCAD simulation results of DSOI NMOS

5.0x10°

Vsoi2=-15V H
I,V curves with different Vg, ) e EXPerimentl
40x10°4 % Vsoi2=0V Results
s Vso0i2=5V 4
35077 5 vsoi=10v
front back _ "y i2=15V
- ’ D, 5x10°-
EV and EC 2.0x10°
TCAD Results ™"
0x1077 # Vsoi2=-15V]
1.20E-04 soa0*
=4=V/50i2=-15V R A 10 15 20
1.00E-04 | =W=Vs0i2=-10V o
e=Vs0i2=-5V |
B.00E-05 1™ S yoiz=0v .
| . VGl W
0005 ==ie=\/50i2=5V Vsoi2=15V ‘ :
' Vs0i2=10V
. Vso0i2=15V
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5V

y
P [TTTTITTTITTTIT T T T T T T

0.00E+00

Energy band dia'gll'a'mr —
VG=1V of the SOI1 VG/V
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TID response of DSOI NMOS

» TID simulation method of Cogenda

Difficult to implement

Method proposed by N.L. Rowsey
(2012) and I.S. Esqueda (2011)

Trapped Leakage

Charge Current Increase,
Radia- MC Particle TID Module Dictabition Threshold
_ tion ~ Simulation in Genius Interfare:. Voltage Shift,
v ¥ Subthreshold

gaee Slope Change

energetic particle

Easy to implement
transport y P

Monte Carlo
particle simulation
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TID response of DSOI NMOS

> Bias configurations during irradiation and measurement

Bias applied during irradiation

VG VS VD VSOI2 Vsub
OFF oV oV 1.8V oV oV
Bias applied during measurement

Id-Vg curve A Vs Vo Vson Vb
Sweep OV to

Ve ,=0V 1_88\/ oV 0.1V oV oV
Sweep OV to

Veopp=-5V 1_58\/ oV 0.1V -5V oV

DSOI nMOSFETSs are irradiated up to 1Mrad(Si) by
60Co y-ray at a dose rate of 50rad(Si)/s.

Irradiation Dose: Orad(Si). 100Krad(Si)-
300Krad(Si)~ 500Krad(Si)~ 1Mrad(Si)
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TID response of DSOI NMOS

» TCAD simulation results vs. experimental results
DSOI NMOS (W/L=8/1)

| drain [A]
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Irradiation State: OFF V,,,=0V

Irradiation Dose:
Orad(Si)~ 100Krad(Si)~ 300Krad(Si)~ 500Krad(Si)-
1Mrad(Si)
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TID response of DSOI NMOS

» Simulated trapped holes in the BOX1 layer

iati - S LDD Channel LDD Drai
Irradiation Dose: 1Mrad(Si) ource rain

front interface

Trap_A_density (cm-3)

o
X {microns)

1 ji 1
re§lalt_1000.vtu:(:ut ne3

Trap_A_density (cm-3)

bk nterface | ==
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TID response of DSOI NMOS
» Compensation of TID effect with VSOI2

Different V,, during measurement 102 o) vaoz-ov :"Pe;ime“ta'
4-0’”04 4 1Mrad(Si) Vsoi2=-5 esults

Shift back after Vsoi2=-5V

< 2.5x1074
e 2.0x107
Irradiation Bias: OFF V,,,=0V TCAD Results roqof O eastely e Tredsh
1.00E-04 10107
2y 5.0x10°]
—_— —&— pre Vsoi2=0V o
o ) % 0. - i 15 2.0
Irradiation Dose: 1Mrad(Si) 800E.05 —H— 1Mrad(Si) Vsoi2=i VGV
7.00E-05 1Mrad(Si) Vsoi2=-5V ! Vsoi=-5V

Measurement Bias: 6.00E-05
IDVG curve with V¢y,=0V and 5.00E-05 Vp=0.1V
Vso=-5V respectively 4.00E-05

3.00E-05

ID/A

2.00E-05
1.00E-05

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2

VG/V

LV curve is recovered by Vo, after 1Mrad(Si)!
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TID response of DSOI NMOS

» Compensation of TID effect with VSOI2

Different V¢, , during measurement Source  Channel Drain

idvg_tid_1000k1l9.vtu:futlinel

] VSOI2=0V
;-;Electrical Field

cutline

VSOI2=-5V

utline

@IMECAS 18



Summary

» Background
Advantages of DSOI compared with SOI.
Successful TID compensation.
» TCAD model for DSOI
Physical model.
Good correspondence with experimental results.
» TCAD simulation results and explanation
TCAD simulation before and after irradiation.
Impact of V¢,,, before and after irradiation.
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END

Thank you for your attention!




