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ABSTRACT

This thesis discuses the mechanism of the nanometer PD-SOI NMOS device

while turning off. Chapter 1 gives a brief introduction about SOI technology and the
scaling trends. We can see the advantage of using SOI devices comparing to Bulk
device.
Chapter 2, as verified by Medici, the 2D simulation software. It shows the difference
between drain current voltage, base-emitter voltage, and Qn  while turning off . With
a smaller S/D length due to the weaker function of the parasitic bipolar device, drain
current voltage is smaller. We also consider difference in lifetime and ii model for
advance discussion.

Chapter 3 is conclusion and discussion of this research.
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Chapter1 SOl PD CMOS- cross section, scaling

trends, and kink effects

1.1 SOl technology and scaling trends

X EHAFNEAFEE  FHTROE OIS 2 FE G ke
G efi %8 4oSRAMSDRAM M E A R AGA L o @ B M AR g B e
PR{LNRIER - BHHLHETEHAEDERCR R BTG den? 2 ,T*u{‘{ﬁl
(scaling)~# < < @ Bitg§ 2T HAE~E (bulk) 45 - S50 o B2
R R AR R R el A B DR e feiie TH Y EFLE
£ RAeRiRY K 5 R OG-l @ AR DS b e 0 R F B g e R B et
TR E 2 R heBll 1 E A # (Siliconon Insulator — SOT)
£F XA E g gMicE o kEHE 5 # (single-crystalline silicon) i
LHAB AR L kT B A o v B EF L Atk X £ A
B i£F Xt E A (substrate) B v g Y KRS o AT it gt 2

EE* - AMa tplhz o
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1.2 PD cross section vs. FD cross section

"MEFRSW P £5 X Ao BN 5 R (thin film thickness) e7
B BHMIPEFLAET AL M0 Bk (thick thin-film) ~ & &9
K (thin thin-film) » B o~ it 2 A7 L T* B> Hp g + Lma

AA L AP ERT XSG M P AL RGP

=
'l"k
&3
oo
b
;\\
“3
et
s

(partially-depleted SOI — PD SOI) o 4-% &_jFsgr~ it
FOEWR € xeng Lo NP2 Lon 2 fRe 8 & (fully-depleted SOI —
FD SOI) [1]-

i23E M 7 (FDSOD @1, 3477 ,d 3t ldp, PEYAR2>5Z

i

FPOEERF A TR €7 ¥ A (floating body) T A 2 PR IE R H Ak

Wi

(kink effect) ~ 2% »c & (hysteresis behavior) » * H = =t »tji ~ i & F
AT B SRR 4 R SR IR 2R R4 S48 2 (PD SOD)

Al B o BB PEMR T % D RG G A P R 2 el 304 2
3



WA I RERS IR 2RSS P Ao FkRE > A2
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BAEPAPFE e R PN s AR EE R S 3 o B 40 Bt 2 MOS ~
L2 RT AR ERZEE ) Ra SOI MOS it d v MERF KRR iEY
~tz Fed BT T v bulk MOS A2 o & g SOIMOS =~ 2 d 1@ § i R
e HAEER iy v bulk ~ 45> % SOl ~ 73 B2 R Gikh
FREMFEN 200 B p I bulk & #4F 0 & & F] 5 & bulk MOS ~ @ > d A
HF T2 2L RERLEZEARE A 222 s SOLMS A #2245 %ARE

T thin film & & 7 § <% > #r2 SOI fph & R#F £ EARPB[1] -
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FAERAEE I REF AT pola BEAEEERATRF
ERENF > BIALHRRTRET S o L B2 L3 F AR A 7 UK
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PELCEREARSTRRRTRLIF IS > Fa F STI winak R ASOTHE
PR TRh R RT R R IR T 0 SIN k4o nind oS A b oari ¥ ae S0
FEE SRR bl -2 SREREABE S & A CMOS Mg o &
Mkt e g o i ARE SOI WARR 4 97 A 4 a0 R SO AR 7 #7ifa

v & CMOS WARIE T4 AR ApF > SOl ~ 2 ik — B 23 o

CMOS fif & % 7 ¥73 ie {7 WAz e 4 2 ~ & ehficig > # P et & 4
MR Mg s e Fd At R 47 lg‘frefﬁ] - IR R B T E AR
LR o Ao 90 AE AR T o RitRF CEBRR DT FERT YR

ERERETFIRE o it 7 7% % ¢ & & i (short channel) % { 5 Bk

N

il 3 & R BT o DIBL »o i 7 1d-Vg = §&7 % (subthreshold swing)
B R REMPERERT IS A Y- 26 0 s FSTRAT RO
TR REAEDOERA S FL o i e DIBL s A A F IR % 0 Bk
[E AR G TER 0 & F]PL g3 8 BT PR 4 > dofe #- dopant R4~ % S
o g e FEE o pt bl R HE G 2% 4T AT (band to band direct

tunneling) » FF HHF T 2 318 T LR AL TFE L fRA

SOl ~ gl 2 i+ 3 B TH Tk B EH /LT T 26405 P13
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Chapter 2  Turn off

AR AR A% SOl 2 AT A o M B A S GvRfy, T A2 BEE &
WFwmox - B e, F«W«Lmﬁiﬂ NIAEEREE A2 (e §_ AR kiR T & T (Drain
voltage), & 1& 7 i (Drain current)s% i % = B -] & 313 A F 2934 4& 7 /& (Drain
voltage) ™, @ N A IR (ST M ~ 2 97 S i RsE 4 A 2 Y B T i ehi
BBz B Emo A E R EY 4 BT g k45 (bandgap narrowing)
HAEMBPRETIRE 2 DR
Bl 2.1 #1751 % 40nm 3%~ f2ipg 4 2 N Al &5 £ (PD SOI NMOS) fic#z ~

3o B o pt i EA 5 & (thin film thickness) 5 70nm > I %32 P A3 5 >
S3ek B 5 3X10% g - & (buried oxide) 5 145nm- # Af &% & (gate oxide)
= 1.5nm > i€ i % & (channel length) & 1 um e 4  d= 5325 & (LDD) B4 2
A RAL(STD Syt * g RS o @ P Hh(sidewall spacer)™ = &
65nm £ PN AldE S5 F B 0 2Rk AR S 107 @ = B A 2 HER R Medici 0 W3R
BERA RS A BTN A 8871 B o AT kanEd 0 o s

st e ~ 2 M P [2] [3] [4] -
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2.1 F=Z_VdTurn off §imstps @ eng i

KU A4 % - A R MEDICH [5] [6] HoEinA fRaps s o N
Al & % £ (PD SOI NMOS) =~ i, 4r[®] 2.2 & R {&(gate voltage)=} & = - 313?] 2 EEd 1v
TUEL OV B LT R R B E chpF fF (ramp time)~ %] 5 10ns f= 1ns.@
A &4 (Drain voltage) » =] %+ 2V 4v 0.5V k3%
4ol 2.3,2.4 &~ B 7 e enbd B RERF SR, ¥ VA=2v @ 3 % F gate R
d 1v T % 3 0v, ;&~1& % /si(drain current) % i g% b"”fﬁ%] NILEL L B AR
e f R f(gate) 3 BB BF 1 Ov {5, A& T Ji(drain current)adF & 0.13mA @ 7 ¢ %
AFEFLFRFTNLME AR 2 M P 08 2B R 4p 5 hE Vd=0.5v
F25 @ g,ﬁj&l raghd 1v TR Oviis. & 2 2 AR 2 %8 % > B BF ,drain current
RIvE 32 %0 5 % Fla % Vd=2vpEa 4 latch i g E+F 2 FH+ T Hhi? ¢
B #4712 drain current f3F A& 0.13mA, é"a‘%?ﬁ;] 20 ELT 4 (ramp down) sk 1F )

B LARA RELE S A R Bt E 2 BRS T AWML M Tum off B bjt
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Vog=0V l Vp
Vi (floating)

B 2.2 4¢ éﬁ‘i’féﬁﬂﬁﬁjl\?@%“é v =3 Ov,~ & ezt im B A 5 5 2V e

0.5V
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Drain Current(mA)

0.5

1.0

Time(ns)

1.5

Bl 2.3 : ramp-time=1ns Vd=2V 4= Vd=0.5V 2 # i 4 47

1.2

10~ vp=2v

0.6 |-

04 |-

Drain Current(mA)

0.2 |-
VD=0.5V

0.0

V=1V N

1
10ns

ov

B 2.4 : ramp-time=10ns Vd=2V {r Vd=0.5V 2 %7 i ~ 47

15

10

Time(ns)
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22 A AR EARETNHA @& 513+ i BIE 4 #A

\\\

B B £

N FEAE(STD) 31 A2 48 & 4 (mechanical stress)¥ it ¢ BEI AN 2§
L (CMOS) =~ i ersie, 4o @] 2.5 #7771 o ¥R 4 (mechanical stress)¥ it # 8#
& # (work function) ~ 3 »z {7 £ (effective mass) ~ §* + # # & (carrier
mobility) ~ 12 % §*5 2 3 ¥R (carrier lifetime) o« w2 A e ¢ » G451
£3 X (S0D~# e 5% 2 (CMOS) Az = A ## %8 % 8 (VLSD) eh
el WA X BINSFPEE M I L5 2 (PD SOI CMOS) ~ # > H Rik/
BAeE B (S/D L)Vt g 254 ) o #rr ¥ R4 (STD 51 424 3 R 4 (mechanical
stress) ¥t A NP A P B R LR BAE D 2 BAI - aA 2 E[5] [6]
k& 478 W PR (STI) 31 4248 & 4 (mechanical stress)#t 40nm 3% 4 f23td % 18
2 # N34 3 X (PD SOI NMOS) =~ 2 B B (Turn of )@l 58 -
Bl 2.6 #7o1 & 40nm 84 f23pe 2 N3l £ % L (40nm PD SOI NMOS) =~ i e
/& 4 (mechanical stress) 2 2 4p & esc 2 %3] (bandgap narrowing) 4 i B » »% P&
~EREEw gl HRk/AEERES/DLA S5 0. 17Temn & 1. Tun > 235 =
AR BRI AT 0 o T AR IR AE(STD 845 > HiRie/xEE R (S/D L) 5
0.17um -4 » 4B 4 (mechanical stress) % i WA (STD " T e/ 5t e
APl R o ARTR B ERBSTD RS dta/Aa®wEF - 2
2 45| (bandgap narrowing) & £ ] 0.047eV -~ @ AFFLFE KT 7 oo i ik
% (bandgap narrowing) %] 0.035eV - " 4%+ /& 4 (mechanical stress)i$ = 2

¥a— iy (A 45l | (bandgap narrowing)4 i » ¥3t 3 X &3I4 fRA G G 3 4
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F &% L(PD SOI CMOS) =~ i ¢ i3 = 4n 5 PR [2] [3] [4] -

- Xactive —

_’IL;- I"'_

source

Compressive
Stress

Si substrate
(well)

Bl 25 XAEMN ST H ~ & 91 Ex 1% #R 4 (mechanical stress) & % &
45 € (compress) » iz Ad 2R AR IEH(STDF K R0k e & k] > 1

2 RitEAE AR ENERSTD RS A 4 BB HE -
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10 I T T I T | I 0.000
. At 30A below gate oxide
---------------------------------------------- -1 -0.005
© - SA=1.7um O | neen | ame |
8 _SA=0.1 7|.l.m 2oL -0.010

0.17 pm | 34.7meV

4.5meV | 14.5meV - -0.015

1.7pm

LDD

- -0.020

- -0.025

AE j(eV)

- -0.030

-0.035

-0.040

Hydrostatic pressure ( 109dynelcm2)
(4, ]
}

-0.045
-0.20 -015 -0.10 -0.05  0.00 0.05 0.10 0.15 0.20
Distance (um)

B 2.6: 40nm R~ fRHps A2 N 314 3% 2 (PD SOI NMOS) ~ ©# i &% & 4
(mechanical stress) % 4p B ehie 24| (bandgap narrowing)~ i @] > >viRle# ~
o degd Hihw/ xBERS/DLA 5 0.1Tum & 1.Tum 1¥95- 28l

=38 BRI
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e/ AE B(S/DL)A 5 0.1Tum & 1. 7Tum SO0 ke~ 2 » Fw’Hx?;ﬁi%])‘
WELL B v T3 Ov{e 05v T 3 Ovo T PR (ramp time)4 % 5 Ins fv
10ns, & 1#& % & (Drain voltage) R Az & 2V, £ #F 53¢ (impact ionization)#7|
% J& it %] (bandgap narrowing) » %45 = &~ i it B MEDICI 4 47 « $+0. 17
pm a0 5w F 2 g+ T &Ml (parasitic bipolar transisitor) § 7 #&
ﬁ%ﬁ%ﬁ’%ﬁ%ﬁ@ﬁ%Mﬁn<mnmﬂ@lﬁum+°?uﬁﬁ&?ﬁﬁﬁ
(current gain) B =- ;% ki (71 & 5 # 2 5% 5 A& (base) 2 &k (emitter) st i 4
-] (bandgap narrowing) # & & #c -

Paexp(AE, —AE,, /KT)

# ¢ AEgb/ AEge & % A 1% (base)/ #f & (emitter) chiv % 45 -] & (bandgap
narrowing) > k &t % & ¥ #ic(Boltzmann constant) @ T & % $+: & (kelvin
temperature) o d % 1 R 3t (STI) 5! A2 e4% & 4 (mechanical stress) > f ¢
& (A1) ehic 45 ] £ (bandgap narrowing) AEge V¢ %2 4& (3L )it Tz &
(bandgap narrowing) AEgb  + o o >R E e dg (STI) A stimd #-i8 =0 0t 13
sk 4 ABge » =t A t&sy #rid = 0 AEgb > #t0 AEgb-AEge ¢ = &

Fenf im e g it h s/ A%E BR(S/D length) 3 0.17Tum 2 ~ it pF >
AEgb-AEge (-15.3mv) fo ¥t & /% % & & (S/D length) 5 1.7Tum 2 =~ & 2
AEgb-AEge (-10mv)Ap+t 2™ £ f . F|pt > fiEihte/ A& R (0. 17Tem) > 7
ool eh R R F (current gain), & % (thin filmp # 2 8+ T & ©
(parasitic bipolar transistor) seac # #2 33 ¢ & & -] 9% & 7 i (Drain

current) [2] [3] [4] -

19



dR2.TF s e frgpg gt # N4l &5 2 =~ 2 (PD SOI NMOS)#% % e fr
7 (saturation region)p¥ > & 4& % i (drain current)~ % &.d % & &3¢ T i
(surface channel current) ~ #& # »53t % /= (impact ionization current) >
2 F 4 g+ T & 8 (parasitic bipolar transistor)z # & T it (collector
current)# % 2 eo 7 £ % post pinch off fe§ % 4 £ F 54 T/ (impact
ionization current) & # & + % F ¥, T F § F ff ik & (base) % d (trigger)

F 2 T 5 % (parasitic BIT) -

G L
Impact ionization
Surface channe T

\ Post-pinoff region
Vp

\, -. T tc,x
o

— Y
 — > it

. Depletion region

n_
STI S VAR
/l‘JC‘Ll‘"t‘il region I
4 - + - - b
S/DL / 40nm S/DL toox
r
7

Parasitic bipolar

Bl 2.7:40nm 3%~ f2dpe 54 2 N4l £ 5 2 (40nm PD SOI NMOS) =~ i p 382 g i

B E 4 (current conduction mechanism) & & 7+ % B °
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221 #HHA2 M P HAET S (Drain  current), A Kk-HiET R

Vbe(base-emmiter voltage), =& %t T + Jk & (Qn) 78 58

A0nm #8 4 f24eg 54t~ N2l & 5 = (PD SOI NMOS) ~ i & TR Hady »~ 3t
5 (Gate voltage)~ =d 1v T ' % Ov4r 0.5v T " % Ov - T % p¥ ¥ (ramp time) 3
Ins. M 1& ¥ /& (Gate voltage) ~ , % # #§ + T & % (parasitic bipolar
transistor) e e, F 4 B & T R (Gate voltage)lV 4= 4eix & T s (Drain
current)#" ¢ +* ff & % /& (Gate voltage)0.5V 4 548+ # N 2] £ § £ (PD SOI NMOS)

A doend 4ol 2.8 ST o

B 2.8 5~ BFaie? in(Drain current)=n®i i & 7, 4oz o A3t dm, o TR
th I & (STD) = 4% & 4 (mechanical stress) > 514zt % %5 -] & (bandgap
narrowing), # g EHikhiR/ A A R (0. 1Tem) > 3 #&] 0% 7 H & (current
gain), # "% (thin film)p ¥ 2 E§+ & & ®W(parasitic bipolar transistor)
gy 4 3, 3 AR o (Drain current) RiE/xtEE E (1. Tum) e~ it

,J‘ °

21



Drain Current(mA)

12y =1V SDL  Simulation
. 0.17um

11 F
1.0

0.9

1.7um  ----
V =2V

0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6

Time(ns)

B 2.8:ramp-time=1ns T /i ¥ i & 47
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B 2.9 & ~EMPLi7E 2 B+ T &H M (parasitic bipolar transistor) &7
A K -5 7 B Vbe(base-emmiter voltage) ,bjt ¢ on ¥ off , # ¢ impact
ionization # minority carrier ® fr#, F]t Vbe ¥ T '3, F] 5 k& NikiR/
AteE R (176 um) > 7 #se h® Jn3 & (current gain), i& = o+ il K-SR T

& Vbe(base-emmiter voltage)'“ $i? % % R L.

_____ . SIDL  Simulation
100 ve=1v "~ 0.17um

M 1.7um i

Base-Emitter Voltage (V)

Time(ns)

B 2.9:ramp-time=1ns Vbe(base-emmiter voltage)
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B 2.10 52 ~ M B pF A 40nm 3%~ [ 8 %0 # N3l &% £ (PD SOI NMOS) =~ i
#3 (thin filmp 73 kA2 Qn), d »F 4 2 AR & %8 (parasitic bipolar
transistor) & - % n-p-n %, F1 Qn 3 & % (thin film)p o s
(minority carrier).Qn €% ¥ ~ 2 M F A K>, 7 RETRE/ AL &R0 17
nwm)~*H impact ionization ** #&%, & 4 7 F+ -7 ik ¥ (electron-hole pair)

5, R0 €83 F4F & (recombination), & ehg F+ B R U 5, Flt iR/ &

i AL T6um)~ 2 AEsg + kR Qniihik/ & R 0. 1Tum)~ % 3

0.36

V=1V S/DL  Simulation
oss L e 0.17um ——

’ By 1.7um
V=2V

0.28

0.24

0.20

Normalized Qn

0.16

0.12

0.08 1 1 1 I 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6

Time (ns)

Bl 2.10:ramp-time=1ns Qn
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Tom AP 40nm $R A fRgrE S48 NAl £ F 2 (PD SOI NMOS) =~ i &
T_Hi 1‘@%] » 215 (Gate voltage) » %] d 1v ™ % 2 Ov{r0.5v ™ % T Ov> T "% p*¥ i (ramp
time) % 10ns &=, W 1& T & (Gate voltage) ~, # 2 #§+ T & # (parasitic
bipolar transistor)s»cfifiis, Flot /i #& 7 &R (Gate voltage)lV 4~ 4o ix & 7 i
(Drain current)#® ¢ +* i {& % /& (Gate voltage)0.5V % 4+ # N3l £ § £ (PD
SOI NMOS) ~ i %k errx | 4@ 2. 11 #777 . 4oz % T %5 B (ramp time) > 10ns &
M, od R R R 3L (STI) e048 3 R 4 (mechanical stress) » 5142 it x’ﬁ*‘ﬂ’ﬁj £
(bandgap narrowing), i - EihiR/ A& & (0. 17Tum) » F &) 0T i &
(current gain), & % (thin film)p % 2 '+ T & M (parasitic bipolar
transistor) i 4 33, 1% =& it (Drain  current) ' Fik/ x4 & & (1.7

pm) e i

12 by =
_\EG_ _W S/DL  Simulation

s sl 017um ——
10 TTum e
09 | V =2V

<

E

E

g

5

%)

£

g

a

B 2.11:ramp-time=10ns & /s #7 ik & 47
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B 2.12 5 ~EMPFL17F 2 B+ % hW(parasitic bipolar transistor) ¢
A R -51E T B Vbe(base-emmiter voltage) , © "4 PR (ramp time)lOns, bjt ¢
B DB ,H ¢ impact ionization ¥ minority carrier ¥ fed, F|p Vbe ¥ ¥ T
Lk iR/ s B (176 um) > 3 e 0T inH E (current gain), i@ S R
~ i A -341& T & Vbe(base—emmiter voltage) v ## % 5 M4, T pFF (ramp
time)10ns H & & —4+4& T & Vbe(base-emmiter voltage) ™ " tg & ~, £ %15 7 &

% enpF P2 thin film ¥ + 4 & (recombine) °

_____ SIDL Simulation
s 0.17um —
23 1.7um s

Base-Emitter Voltage (V)

Time(ns)

B 2.12:ramp-time=10ns Vbe(base-emmiter voltage)
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B 2.13 5~ P T %R (ramp time)10ns, bjt & B 3 A P& & 40nm 3% 4~ fZag
GA @ N2 4§ 2 (PD SOI NMOS) & 5% (thin film)p 3 & & (Qn), o **
F 2P T K #(parasitic bipolar transistor)®- % n-p-n s, F2t Qn
= &% (thin film)p 0> #{' <+ (minority carrier).Qn € ¥ ~ & M B & 3 >,
3 ReEaihie/ Ak R (0. 17Tym)~ * 2 impact ionization ‘' #%, & 24 HE +
~% iF #t(electron-hole pair)# ?, T ¥ § & % +4f & (recombination), i 1%

FORERF VRS, F R/ xR R (LT pm) ~ 2 AT 3 kAR (Qu)iikie/

At R (0. 17Tum)~ i %,

[Vt SDL  Simulation

T 0.17um
1.7um =i
V=2V

Normalized Qn

Time(ns)

Bl 2.13:ramp-time=1ns Qn

27



222 7 [ Lifetime $f~ & B B 7R = @2 50
TR sHmEY RS R F 0 lifetime AR ArRR A P, ¥ A

% 5 ® MEDICI[5] [6]¢ T M Ah(pis) ® 44k taun(T = ¢ lifetime)fr taup(F ¥
1 lifetime) T+ ,40nm 2% 4 288 %48 & N 4] 2 (PD SOI NMOS) =~ i % Z_Ri &
%J ~ 3155 (Gate voltage) » &/ & 1v ™ % 3 Ov{-0.5v ™ *# 3 Ov> ™ "% p¥ /¥ (ramp time)
A% 5 Ins ¥ 10ns. 2% taun(® =+ <0 lifetime)fe taup(7 /¥ = lifetime) » %] 5 1E-5
fo 1E-6, W & T & (Gate voltage) ~ % , 4r2 o *r3tm & 2 B+ T H ®
(parasitic bipolar transistor)e»c g, F1t x4 T it (Drain  current) ¢
vedi kg RS e lifetime 2 R BE, R S ey b A (thin film) Y &2k

& (recombination), Flt $& > 17 + ¢ i Flxt&(Drain)#=, & = 5 Fx T

sn(Drain current).

B 21440215 % %) 5 40nm 8~ fRare 58 N4 £ § 2 (PD SOI NMOS)
i 4 2 AR B ~ 3 5L(Gate voltage) » Wl ¢ 1v T E 3 Ov fr 0.5V T ' 3 Ov T R
B (ramp time) 7 1ns :x % taun(T + e lifetime)¥ ~ 2 B B & 4 @ 55,
B 2.16 v 2.17 &~ & 5 A0nm % 4 f234G 8 # N4l £ F 2 (PD SOI NMOS)
7 i 3 2R BB ~ 31 5L(Gate voltage)~ B d 1v T ' 3 Ov v 0.5v T % 3 Ov T

F (ramp time) 5 10ns # % taun(® =+ 1 lifetime)$4 ~ £ B BF & 4 @l 55,
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Drain Current(mA)

Drain Current(mA)

0.6

0.5

04

0.3

0.2

0.1

0.0 L

S/DL TAUNO
0.17um
1.7um

0.0

0.8
Time(ns)

Bl 2.14 ramptine=1ns VVg=0.5v to Ov

1.2
1.1

1.0
0.9
0.8
0.7
0.6
0.5
04
0.3
0.2
0.1

0.0 1

S/DL TAUNO
0.17um
1.7um

1E-5

0.0

0.8 1.6

Time(ns)

Bl 2.15 ramptine=1ns Vg=1v to Ov
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Drain Current(mA)

Drain Current(mA)

0.6

0.5

0.4

0.3

0.2

0.1

S/DL TAUNO
0.17um
1.7um

0.0
1 1 1 1 1 1
0 2 6 8 10 12 14 16
Time(ns)
Bl 2.16: ramptine=10ns VVg=0.5v to Ov
12 -V =1V S/DL TAUNO 1E-5 1E-6
14 Eooos 0.17um —
. 1.7um i Tt N

vV, =2V

Time(ns)

Bl 2.17: ramptine=10ns Vg=0.5v to Ov
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223 &7 R (gate voltage) ¥ ~ & B B 7R = g2 50

=T R AP AR & T R (gate voltage), ¥ & BB TR S R AR, U T
s E % - a2 E MEDICI[S] [6]fistinA faape s+ » N3 & 5§ X
(PD SOI NMOS) ~ i | 4B 2.18 % R #&(gate voltage)=h 4 = — fﬁg?] » 2 EE R 1@.@?] » 2
A e 8,05y T L Oy, 04v T2 Ovo0.3v TR D Ov, fw0.2v TR D Ov, B
NAEET M 2 R @ A & (Drain voltage) &5 B 2 1.5V ki,

e/ AL R (S/DL)A 5 0.1Tem & 1. Tum 3801 g~ 2 » W i
WELA B v £8,05v T 2 0v,04v T % 1 Ov-0.3v TR Ov, fr0.2v ™ % 1 Ov,,
A1 % B (Drain voltage) ) B @ % 1.5V, £ # % (impact ionization) 3| % &
it l’f“{ﬁ] (bandgap narrowing) » # ¥ = &= & ikt B MEDICI » 47 - 4] 2.18 #7
o~ .Gate voltage 4%-]- ,Drain current F "% % it t5 & 4% = Gate voltage 4%-] ,impact
ionization 4% gt £ ,post-saturation A # & &3 o thinfilm @ sH>minority carrier 2 4g

& (recombine) vt i l-i¢ iE 3¢ frofk f&, F] 24 Drain current vt g p-id i 5 e fok fi.
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1E-3

1E-4
<
et
o
= 1ES
=
o
£
4
a

1E-6 |-

Vd=1.5V
1E-7 !
1E-11 1E-10 1E-9

Time(sec)

B 2.18:% Ir W 1& % /& (gate voltage), %+ ~ = B B T /47 & & 47
Vbe 4@ 2.19 #7771 ,Vg 4% impact ionization 4% % & mechanical stress # 3

parasitic bjt #. 7 f* &7.Qn 4- 8 2.20 #7577, Vg 4% -] impact ionization, & # % JF 2 fo

thin film ¢ =7 minority carrier recombine, v* fi-i& & 3] 48 fok 75
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Qn

V ()= SIDL
T s O S 017 yum ——
e G ==V 176 yim ----

0.84

0.82
Q
2
> 0.80

0.78

0.76 |-

0.74 |-

0.72 !

1E-11 1E-10 1E-9
Time
Bl 2.19: # I+ W &5 & (gate voltage), %t =~ i+ i B Vbe » 47
0.15
SDL
V=05V 017 ym ——
1.76 um----
0.10
0.05 |
Vd=1.5V
0.00 L
1E-11 1E-10 1E-9

0.88

Time(sec)

B 2.20: 7 = R &% /& (gate voltage), ¥+~ i+ Qn 4~ 45
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23 A @R E(Turn off )+ 3% 4 03] 2 k2 R EF 53
AP FRE YRR HEREI R

P E R Ao F B (saturation region)® F et Gl e R B 0 &

FR /B (SI0/SDEA G hFE RN - §F 0 TFHEB S L E R A bsr

GHEHELHEFTE 0 £ BB DT I HEFL L SR T DR HPAEL o
FH A A NT IR R HEFITEE S e S Fd AR S He A BREES R 4

REOR R E T RESE o FP G A A A NT IR TN <L ARR D e AR R
gt R R F 5 T Sk (impact ionization current) o ¥R iE IR A fRYESF S A4Y
+# NAl &% 2 (PD SOI NMOS) ~ i » B2 § 1t & (buried oxide)} eh# 2 i+
% &b ¥ (parasitic bipolar transistor) ; & &i&(emitter) ihi&(source) ~ &
#&(collector) ix & (drain) » 7 ¥ £ 4 &g o - 0L cndg F 54 7 /i (impact
ionization current) ¢ Fl&-2 - @ B E® » B s it § (buried oxide)in
B oo Bk By ik (buried oxide) !t # &% (thin filmp € 77 = T ik 17

o 25 EgwEmy K (buried oxide) t % 2 fE§+ T & % (parasitic
bipolar transistor) - & % 4 o AR & %8 (parasitic bipolar transistor)#t
s GLRAFORFFEEET I HE AW (body) P EFRE - F 2 ETF T
% %8 (parasitic bipolar transistor)p > - 84 d & F HFHire s mEmT n

(collector current) € Fl&2 R Hm v F R Fiuinds o L T3 HL ¢RF R

=3

B g S LSRR 0 A R R HAL -
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40nm 384 fRare 8 2 N3l & 5 2 (PD SOI NMOS) ~ 2 & ihik/ i &£
BES/DL)AHE 0. 17Tum ¥ 1.Tum > %H/&R AL 5 5 (floating body) ™ » &£ #
3 (impact ionization)#-A] % Jg it x"f‘{ﬁ] (bandgap narrowing)£ % > 1335 =
MAPEHERES L E PRGN o 0 AR ¥ %53 (inpact ionization)

F 3 ) oae Tk 450 (bandgap narrowing)¥t# £ '+ T & ¥ (parasitic bipolar

transistor) #rig = ch@ 5 > = A B HERPF I FR* 4 B g i %35 (bandgap
narrowing)£ & g F 254 (impact ionization) -] o A& ¢ » B * - =

@ H % F MEDICI[S] [6] % ~ 45 s+ 5 4 #°3] 2 4p $ & 2 3 % #5 4 (impact
ionization) AP g% * % Jg i ¥ R (bandgap narrowing)#-3] %t 40nm 3% 4
feypsa g8 # N3l &5 2 (PD SOI NMOS) =~ i B B (Turn of f) @ 58 -

Bie/x AL R (S/DL)A 5 0. 1Tum &1, 7,&111 SOI et~ & o W fld) » 5L
v =% % Ov> ™ % ¥ (ramp time) 4 %% 1ns §- 10ns, & & =% /& (Drain vol tage)
PlE e 2V, § e/ aE R(S/DL) 5 0. 1Tum s = o~ 23R * 4 g ik
%' (bandgap narrowing) i # 54t (impact ionization)#-3] » Sk (trigger)
bipolar $25:, A& % in(drain current) ¢ #= 4o@) 2.21 fv2.22 #7177, AWk
1% % /& (body-source voltage)~ i+ el 223 f= 2.24 #7774 % % Jg v (h&5 ]
(bandgap narrowing) &g # 53 (impact ionization)$-3], bipolar #3371 %

& % vn(drain current) #&-|, A %8-ki&7 & (body-source voltage)~ #-], 7]

o sE a5 2] [3] (4],
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Drain Current(mA)

B 2.2L:ramp-time=1ns & jr &7 ik ~ 47, H.#F *54(impact ionization) -3

Drain Current(mA)

B 2.22

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0 |-

S/DL withbgn  without bgn
017um —— S
1.7um === e

V=2V

0.0

14

L=

= 22
%’},ﬁﬁ‘b e

TG

0.6 0.8 1.0 1.2 1.4 1.6

Time(ns)

Iy (bandga_lp narrowing)# &

12 |

1.0 F

0.8

0.6

04

0.2

0.0

S/DL withbgn  without bgn
0.17um —— —
1.7um  ---- e

V=2V

ramp-time=10ns & /= %7 ik 4 +7, R #F 53 (impact ionization)#c

P

‘fﬁ

6 8 10 12 14 16
Time(ns)

-] (bandgap narrowing)# %
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S/DL withbgn  without bgn

T 017um ——
e 1.7um  =---- e
0.98 TR, Vool

Body-Source Voltage (V)

0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6

B 2.23: ramp-time=1ns # %2-/% &% /& (body-source voltage), 4 # 54 (impact

ionization) #-31 % Jg it 45| (bandgap narrowing) £

1.02
S/IDL with bgn without bgn
1.00 E7 7T 20 0.17um ——
‘::““.:.‘__ 1.7um  =-=-=-- e
0.98 =

S Vv

=
w0
@

Body-Source Voltage (V)
8 B
T

=
w
=]
T

V=1V X
ey OV

0.88
ose L 10ns e
0.84 1 ! 1 1 I 1 1
0 2 4 6 8 10 12 14 16
Time(ns)

B 2.24:ramp-time=10ns £ % -k & 7 /& (body-source voltage), £ ¥ 5i

(impact ionization)#:3] 4 g it Feige] (bandgap narrowing)¥ %
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T kAP AR iR R (gate voltage), o B B AR R enBL S, 10T en
—RAPHEEPFETEY 2B B f‘“{ﬁl (bandgap narrowing)¥£ & edg # i
(impact ionization)fica] » [5] [6]fckin~ f2ape %t # N3 4§ £ (PD SOI
NMOS) ~ | 4@ 2.25 % fi i&(gate voltage)=4 &+ — ﬁ%] » 2B A fg@%] S
w48,05v ™% 2 0v,04v T 1 Ov-03v ™3 Ov, fv0.2v ™ "% 2 Ov, ﬁig?l > L
TR R P, D & &z (Drain voltage) %5 F 2 1.5V ki,

e/ A tmE B (S/DL)A 5 0. 1Tum £ 1.7 um 9 SOT g ~ i > W%éﬁs?l »
AELA WG e £8,05v T % 2 0v,04v T 2 T Ove0.3v T 2 Ov, v 0.2v T % 3 Ov,,
A7 B (Drain voltage) il B = % 1.5V, & # 5% (impact ionization) #7344 &
i Cadgel (bandgap narrowing) » &4z = &~ i+ £ B MEDICI » 47 - 4 @] 2.25 #1
7+ .Gate voltage 4%-|- ,Drain current & ' % {“ b5 & 4% + Gate voltage 4%-]: ,impact
ionization 4% g £ ,post-saturation # 4 7 #> 3 e thin film ¥ = minority carrier 2 4§
& (recombine) b fip-i# i T 42 ok i, Fl1et Drain current vt goboiE s Bl A ok Rk
# % J& i ¥ %5 -] (bandgap narrowing) i # ## 4t (impact ionization) -3l -
bipolar #2335 ,#712 &x4& 7 /= (drain current) #-], A% -ki& 7 & (body-source

voltage)~ € #-] o
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1E-3

Vd=1.5V

1E4
<
5
t 1ES
=]
o
]
g
o
1E-6 )
ov S/DL with bgn w/o bgn
017um ——
1.7pm === e
1E-7 L
1E-11 1E-10 1E-9
Time(sec)

B 2.25: 7 F A #& % /& (gate voltage), ¥ ~ i B B T Jn 7 & A 7,48 F 254 (impact

ionization) -3 Jg i &5 | (bandgap narrowing)£ &

Vbe 4§ 2.26 #77+ ,Vg 4%-]- impact ionization 4% g & ,mechanical stress 2 3 parasitic
bjt # 7 P &2.Qn 4r @) 2.27 #7757, Vg 4% - impact ionization, 2 # 13 ik 2 e thin film
® gaminority carrier recombine, vt # i i Dl Ae ok BB LE F g At n"*%’ﬁj (bandgap

,

narrowing) ¥ »53t(impact ionization)#-3l, # Vbe v Qn #8% | -
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0.88

0.86 ;7

0.82

Vbe

0.80

0.78

0.76

S/DL with bgn wi/o bgn

0.74 |-
017um ——
1.7um ----
0.72 L
1E-11 1E-10 1E9
Time

Bl 2.26: 7 k¢ A &% /& (gate voltage), ¥+ =~ i B B Vbe » 47,3 % 52

ionization) #-3 4 Jg it 35 ] (bandgap narrowing)£ %

S/DL withbgn w/o bgn
017um —— :

0.10

Qn

0.05

Vd=1.5V
1E-11 1E-10 1E-9
Time(sec)

0.00 .

#r (impact

B 2.27: 7 I W &% /& (gate voltage), ¥+ ~ i B B Qn 4 47,48 ¥ 54t (impact

ionization) 3] 3 g v k) ‘] (bandgap narrowing)£ &



24 2R FE(Turn off) 3. %%

Boid A g At e 3 R, ¢ R A (ST 3 A R 4
(mechanical stress)¥t- i if B #7i¢ = e 58, e/ A &E B (S/D L)~ 5 0.17
pm 2 17w 32 % g4 % 4 (inpact ionization) #-3] 4 fe it i &5 )
(bandgap narrowing) & #f- i B B g = 0238, 40nm 384 fE4r e 8 2 N Al
£3% £ (PD SOI NMOS) =~ # # Jate/ix &£ A (S/D LA 5 0.17Tum & 1.7Tum> #
R A AR xd (floating body) ™, %ﬁﬁiﬁ B A W d v TR OV fe 0.5V T M
2 Ov: T pFR (ramp time)4 % 5 Ins v 10ns, & 1& 7 & (Drain voltage)R| %
2 2V.

F12.28-F12.31 A e “iF A B M P My picd, ek
/xR E R (01T um) » 5 4 30 34 B 32 (STI) 51 4= c0 % % & 4 (mechanical
stress), AEgb-AEge # ], = T 73 & (current gain) A #33, &% (thin
film)p %2 £+ T &K M (parasitic bipolar transistor):ic # £ # #iatad
it (Drain  current)Ap$ 1. Tpum 33, F - B~ B HERPEHE® § g G
(bandgap narrowing) e4& # 5%t (impact ionization) #-7| » 5% # (trigger)
bipolar #3, A& T ii(drain current) € #& =, @ 7 ¥ Jg i I"f‘ﬂﬁ] (bandgap
narrowing) &4 # 5 #¢ (impact ionization)#-7], bipolar & 33, %712 & & 7 it
(drain current) #&-|, A& %-ki&T & (body-source voltage)~ #-|, F]td 4R
¢ 1L = # #. Gate voltage 4%-|,% # BJT sominority carrier - >, F]pb vt fop-ft 2z

#,Drain current ¢ froi-ik & ol ok i [2] [3] [4].
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Drain Current(mA)

Drain Current(mA)

1.2
1.1
1.0
0.9

-V, =1V S/DL with bgn without bgn
Pty 017um —— —
LTpm === 0 e

V=2V

01 1 1 L 1 q i 1
0.0 0.2 0.4 0.6 0.3 1.0 1.2 14 16
Time(ns)
B 2.28:ramp-time=1ns T 7 ¥ & & 7
12 |V =1V S/DL with bgn without bgn

1.0

0.8

0.6

0.4

0.2

0.0

017um ——
1.7um

16
Time(ns)

B 2.29:ramp-time=10ns ¢ /i %7 ik ~ 47
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Body-Source Voltage (V)

B 2.30:ramp-time=1ns & ¢ -% & 7 /& (body-source voltage)

Body-Source Voltage (V)

=
w
=

=
w
-3

=
©
S

o
w
(]

1.02

1.00

0.0

1.02

1.00

=
w©
©

S/DL with bgn
017um ——
1.7um —==-
V =2V

without bgn

0.8 1.0

Time(ns)

1.2

14 1.6

S/DL with bgn
017um ——
Tpm ==
V =2V

without bgn

Time(ns)

16

B 2.31:ramp-time=10ns # 4 -/k & T /& (body-source voltage)
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Chapter 3  Conclusion and Suggestion

AE A7 A0nm R A FEEE S Nl 4 F 2 (PD SOI NMOS) = # 4 B B* (Turn
of )R A A eI %, & 21 & ¢ # Vd=2v & 7, ¥ W i&x(gate):n 5Lk B 3 Ov
B,F1 2 Latch g F 2 R+ T HME A 2P A L Fd Rk i, 23T
on(drain current) 4% & 1.3mA @ 2 € 5 F. # Vd=05v Fajm 3, d T R
(Drain voltage)-|, iy » U505 2 Ov 8. F#4 BT T HWR 2 M F A BTin
(drain current) *f 3 %7 F XA R G AR A R B At F L ERS T LHAT
B -
A 2.2 #33% FIR W IEAE(STI) 5 4248 # & 4 (mechanical stress)¥t= i i
Pt 4 B o )E s A i MEDICI[S] [6]Hse & » s FiRiE/
wE R0, 17Tum) > | eng i F (current gain), & %-(thin filmp % 2
B+ % % M (parasitic bipolar transistor)ehie # #38i¢ = ] hix e R
(Drain current)- i & ek F] &% ) B 3(STI) 31 4= 4 5 & 4 (mechanical stress)
i = i M- (bandgap narrowing)i¢ % % 2 g4+ T # 8 (parasitic bipolar transistor)
Moie A o X FEHL(STI) 51 A= 4% & 4 (mechanical stress)# & % & $x4& T /n
(Drain current)A 4 #2585, d - ‘A~ 2 {3 ® MEDICI SiEzt 5w upi i
HA K-+ T & Vbe(base-emmiter voltage):® 3 =~ i &5 (thin film)p T+ k
B (Qn) ehg 58
hv 2.3 @RI ETH% S A E E MEDICT A 47484058 4 HEA1 2 A 2 B F

3 (impact ionization)#eal® ¥ g% # % g & g R (bandgap narrowing) #i-

A1 40nm 384~ R @t # N Al &% £ (PD SOI NMOS) =~ # B B (Turn off)h

PR F a7 BHEPFREY T R n"*‘{ﬁ '] (bandgap narrowing) e # i
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(impact ionization) # %] - 5% #> (trigger) bipolar #&3, & & % /= (drain
current) ¢ # =, A H-/k &L & (body-source voltage)~ fi~ %7 % Jg it ix 45
‘- (bandgap narrowing) 4 # 53t (impact ionization)#c3], bipolar 33 /4 &
% vn(drain current) #-], A %8-ki& 7T & (body-source voltage)» #-]-, Flpt

IEC S VAR S A
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