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Vs

® High speed
-High mobility
-Less parasitic capacitos

Normal Wel, ® Power sufficient
-Steeper subthreshold swing

-Less junctior
-Less DIB|

Front gate work function modulation
T

® Le<s rcecess variation
-Lichidcging (RDF)

< flexi Mz 'Vt option

- ng rintegration

N\

Flip Well

Well engineering
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Raised source and drain
Ultra thin body and box
® Flip well
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(c) FDSOI with normal well

Flip well provides a lower vih ' Sption  Steeper SS
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FDSOI VS BULK Gmr

: , , - - ' I '
Id-Vg @ Saturation Region ol Tran_sconductance @ Saturation Region
W/L=3unv0.028um n | W/L=3unm/0.028um

_; —a— FDSOI| -
—= BULK

Key operation point summary
g haust  Gmmax.

22nm FDSOI ~75mV < & 13.4 4.99mS

Process Ion/1

28nm BULK ~85mV 1.2. 5 39.2 3.75mS
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FDSOI VS BULK @mr

Volume Inversion
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Surface scattering
"1e volume inversion increases f.i¢ mobility in FDSOI devices.
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Body Bias Gmr

[ INtype
[ IPtype

N\

Flip Well >&

7 N T\ S | ot spee

BB (0,0.2)  (-0.2,0) (0,vdd) [ (- <4,0)
oF 3 (-vdd,0) (0,vdd)  (-0.2,0, 9J,0.2)

Normal Well

Psub

v Power sufficient
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Body Bias

Plot VS/BULK/IdVg/ldVg_Vs
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Plot VS/BULK/IdVg/ldVg_Vs

BULK FDSOI [LOG]

02 04
Vg [E+0]

Plot VS/BULK/IdVb/IdVb_Vs
S:4 Vb=-900.0 mV, BULK=577.7u
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N LULK process, depletion layer thickaess >an be affected by body bias.
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‘ AT vs Freq

- Burie\d Oxide
High frequency reduces self-heating effect Sandwich structure in FDSOI

AT = Py, * Z id [
= Fth *4th = -
G h +]WC h ‘ 1 )
Low Freauency: t t ‘ Pth=lxV | Gth cth
AT:I*V*Rth _| /ﬁ :i
Hig . F equency:
AT = 0 N —

L

Sei-heating free at high frequencv
Typically >50Mhz Equivalent Circuit
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SHE in real device (I Gmr

P2

SRC3 SamplingR
®

—

S
Z50 MOSFET

Disadyan age:
Pulsed IV « Comnli ate 1 measurement setting

(San P'ing time dependent) Hig_m ?somtion sampl_ing resistor
* | loise "impedance mismatch

self-heating effect could be obst *ved in pulse measurement.
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SHE In real device (L @m—

Realistic Gds vs freq @Saturat oiwkegion

Radio Frequency

| SHE is suppressed at high frequency

1. Inverse temperature trend
2. Floati®g body effect

Gds.methc 175 noise sensitive.
Cui_enu he .avior along with frequency trend can be
cl e taized.

3ds vs freg @Transition Regien
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(I) Pulse Method i\"l .,»Gds Method

1. Complex Measurement & Extractici,
2. Impedance Mismatch Problem

3. Expensive measurement inst: umeat
4

1. Limited frequency range & precisiea
2. Noise sensitive
3. Complete Gth/Cth Extraction i . v

. SHE free data 4. Low cost

(IV) RF Method

1. RF Layout & L VNA

2. On wafer calithratic 2 & de-embedding
3. Wide frequ.nc / range

4. Consist nu Vit RF data

S Eohe

) Gate ResistancerMethod

1. Special layout design
2. Low accuracy
3. Cthis unknown

I
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I

I

I

I

I
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] |
% Poly Extension On AA :
- I
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Temperature sensor :

I

I

I

I

[
|
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Why SHE Is iImporta Gmr

“* Phonon scattering may be" ,.2restimated
“* Ring Oscillator QA fail:re
< Error increasing at kigi f equency

++ RF extraction failu. e

| _ _
Heated devi v R Model with overestimated
SR T SEVIEES m phonon scattering
|

D/

indel with SHE JC & RF Trade off

Proper RF Extraction or RF Extraction
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22nm FDSOI SPICE Mdc M

€ We have extracted a complete DC I cvice Model for 22nm FDSOI
Technology.

eMr  “orf ‘" ,) , BJT, Resistor, Diode, Varactor

Level v 'S (bSIMIMG)

eBack Gate Bias, SHE, Gate-leakage, GIDL

eCore: L[0.02~1um], W[0.08~3um]

Geometry
eJO: L[0.136~1.8um], W[0.16~22ur |

Temp. e-40~125°C

eGate: [-0.9~0.9V](core) '[-1.§ v 3V](IO)
eBodyBias: [0-Vdd](NW)/ -Vdd- ,(FW)

Voltage

*TT, FF, SS, FS, SF

m
|
|

The contents of 22nm FDSOI model library
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Model Target:
Accuracy: AVtlin<kbmV, A Idsat<27,
Physical: Cover most physical effacts. ( odybias/SHE)

Scalable: Model QA pass fram ¥ma /Lmax to Wmin/Lmin

WIL=3iT T=25@vds=0.03 V=0 WIL=31 T=25@Vds=0.9%=0

Vhs Vhs
4 T5E-05 0.00 3 4 0.00
54 | 025 -0.25
g
-0.50 -0.50 . - -
+s | Device AVtlin Aldlin Aldsat
b= 2.37E-05 = 1.51E-04
i ul
Target < h'! <3% <3%
1.18E-09 7.87E-05
-2.09E-11 3.38E-11
8 EaVv 1% 1%
020 0.07 0.35 062 0.90 020 007 03 052 .80 NCOV | S < 0 0 < 0 0
AMS | 0.338% Sl WA ; 1.109% RMS - 0.24% Vot WA : 0.869%
WL = Ts=0Vi=0 WL=3IT T=259@Vhs=-1 V=0 R B
M —ae ¥ N Vos vos I
3.03E-4 054 2.40E-4 054
PC re <5mV <1% <1%
0.72 0.72
2.27E-4 081 1.80E-4 0.8t |
= 151 / b= 1.20E-4 NI\) <5mV <2% <2%
: |
1
=5 5.98E-5 g
- || PIO <5mV <2% <2%
| -5.38E-7 J
0.00 0.22 045 067 0.90 0.00 022 0.45 0.67 0.90 ‘
Vs (v) Wds(v)
AMS | 0.367% WA ; 0.980% RMS : 0.31% W%




Vthlin versus length at different temperature

wih_|_t0A=0.08@vhs/ds=0/0.05) - wih_|_t0AE=0. 24 @vh s/ ds=00.05)
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Model QA \ SimT

Idsat versus length at different temperature

s at_|_t(vi=0 48@hs/g s Vds=0-0 90 8) idsat_|_tA=3@vosgsds=0r0 8-0.9)
7 t t
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Ring Oscillator Resul Gwr

€ We have designed ring oscillator “<r the verification of FDSOI
Model. As shown in the tab'c, tk2 simulation error is less than 10%

I iy . .
: : Simulation Test
Ring Oscillator | Invertor | (2N Delay Delay Accuracy
IN | - 8 8.52 8.13 1.9%
N 3 8 8.27 7.85 -0.8%
NANOD 1 8 13.07 12.46 4.5%
0.9V_Core
NAND 3 8 24.91 24.37 2.1%
NOR 1 8 13.52 13.5° - 8%
NOR 3 8 25.93 2R 47 5.3%
INV 1 6 27.81 5.8 3.1%
NV | 3| 6| 85366 | 5207 | 28%
NAND 1 6 4C °6 39.67 2.8%
1.8Vv_IO
NAND 3 6 ~a 01 85.73 -4.6%
NOR 1 6 .08 50.59 -4.9%
NOR 3 104.07 107.19 -4.1%
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Summary Gmr

® Measured data and sim( 1=.2n results show that FDSOI
devices have more pCi ararance improvement than BULK
process.

® Body biasing in"-L 50l is an effective way to control device
current.

® Self-heating effect in FDSOI is measured ansveri.’ed by
several methods.

€ / high accuracy industry standard m:d :l 1or FDSOI MOSFETSs
L .ing BSIM-IMG was successfullv ¢ stak .shed.
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