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ABSTRACT

The thesis reports modeling the 40nm PD SOI NMOS device considering
floating-body effect via Bipolar/MOS SPICE model approach. Chapter 1 gives a brief
introduction about SOI CMOS devices and the scaling trends, including the comparison
of the difference between the PD SOI and the FD SOI CMOS devices. Chapter 2
describes the current conduction mechanism of the PD SOI MOS and the compact
model constructed from Bipolar/MOS SPICE model approach. As verified by
experimentally measured data and 2D simulation results, the compact model of the PD
SOI NMOS provides an accurate prediction under DC condition. Chapter 3 discusses
the ac model of the PD SOI MOS devices considering the floating body effect for
transient analysis. From the study, during the turn-on transient, the current gain of the
parasitic bipolar transistor becomes larger as the longer rise time of the gate voltage. As
verified by 2D simulation results, the compact SOI model gives an accurate prediction

of transient behavior. Chapter 4 is conclusion and future work.
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Chapter 1

Introduction

B 1.1 5 ITRS 7 2010 & =r9F & e84 [1] > AR F ¢ 7 3 > S EF P47

)

Brenjil o ARt e FRHE o P oW AR S E B 32nm > # 3 B
28nm > B HEFF I 15nm F E T o ¥R RE ¢ (gate oxide) i ATH R e iE o
§A_high-K 7 high- ;2 3T HAL > A 7 b SRR T o A 0 R 0] g B 4
Ax K AXFIEE - B 1.2 5 FAHEAH B #03] (compact model) s B vt # B 0 U B A T
Ilog A FEg ]l o { ARt R I Aty o
AP R R e IR g fjﬁﬁﬁﬁbﬂi*%ﬁé R R B ,T*‘ui 4

FIELE £ o

3 % %8+ # (Silicon-on-Insulator SOl £ ¥ £ ~ 2 | * G 8 {cH fr 7%

SEnL A A2 GRS E A 5T - % CMOS HojFz 3 & Hls o Bl 1.3 5

1 F (SOD2 g it % — LA £ § 2§ & M (bulk MOS)~ i H et = % & %

PRt

- K #m 3 it K (buried oxide) > ~ # 2 B3 F £ ¥ I 4k 0z K (substrate) 0 {1 % 4

Sy

LR ITsBMG o A2 B ¢ A4 latcch-up eI % > & 50 K58 A Y F G R
(radiation) e gL & 4 o @ ¥ F] L B F 4 K (buried oxide)si o B0 T A RiR

(source) ¥ & &(drain)z} 1% 7 % (depletion region)’ £ H &k & (source) ~ /& & (drain)
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Gate-stack B
material
2nd generation nth generation
ey
Channel » b D | > —
material Si + Stress High-p
InGaAs; Ge; ?
Multi-gate
Structure- (on bulk or SOI)
(electrostatic <
control)
» + —_—— —
Possible
Delay
- PDSOI FDSOI
1 | | | 1 | | | | | |
2009 ITWG Table Timing: 2007 2010 2013 2016 2019 2021 *
54nm 45nm 2009 32nm 2012 22nm 2015 16nm 2018 11nm 2021

45nm 32nm
“16nm”

27nm

2009 IS ITRS DRAM M1 : 68nm

MPU/hpASIC “Node “45nm”
2009 ITRS MPU/hpASIC M1 : 76nm
2009 ITRS hi-perf GLpr : 54nm
2009 ITRS hi-perf GLph :

«39nm”

54nm

“29nm”

38nm
4inm 35nm 31nm 28nm
27nm 24nm 22nm 20nm

47nm 47nm
32nm 29nm 29nm

22nm
“11nm”

19nm

16nm
“gnm”

13nm
14nm
12nm

20nm
15nm

o

(Dashed arrows indicate additional timing movement considerations for 2011 ITRS work.)

B 1.1 ITRS % 2010 & #73f %
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Technology Release BSIM Bulk
(1st Product) Model
BSIM2
« 0.35um - Basic
BSIM3
— Poly depletion
) 025 — Psuedo-2D DIBL on Threshold/
Rout/ Subthreshold Slope
« (0.18 — HALO doping
—  Narrow width effect ||~ .
— Charge partitioning .
« 013 —  Noise model Catch-up
BSIM4
- O 1 0 — Gate tunneling
— RF (Gate intrinsic
resistance/substrate network
« 0.07 —  Asymetric S/D
—  Charge Thickness Model II- *
« 005 Catch-up

B 1.2

BSIM-SOI Model

BSIMPD2.2
Diode/BJT with TAT and L
dependence
— Igb, Self-heating
— High Vbs MOS I-V/C-V
— Accurate Impact lonization
— Body Contact MOSFET
— Noise modeling
BSIMSOI (FD/DD/PD)
— Barrier Lowering Diode
— Etc

P i B0T) e B 0t R




TR T I R BRI £F L (SOD~ 2 enF 4 T % (parasitic capacitance)iiz
Brigz LaAttbulk)] TRERAFTFVLARFE G5 W I EF I AETFLHN
E(gate) T B R FI Pl R o] o TG G P £ XT AWM AEORE
(transconductance) { 4 » T/ % /& (threshold voltage)» ‘“ #-] » & HFrcf~ € %17
L] -@4%Mrp &35 L~ ita- s ig(second-order effect) 2 5 7 i (leakage
current) 8 AR $ % ] 0 4 E AR F VIR S A AF MR B (VLSDH TR X cnig gt o T
gt 2 ?h SOI ~ i ejgda § it & (buried oxide)™ & N 3| £ 3 £ ~ #(NMOS)% P 3] £
F L A 2 (PMOS)z p A3 n 3] #u4 f&(drain) ~ R i&(source) Fe & o 2 X PFE B
B ORI AEBRRAPCLIRRIFSR AL PFREOARTIrFL T
FoRGHEMWM I E£F LSODAE R ARREA;FT O FHLRS > RS R
oo fr— B F LA B (bulk)fp 2T > [ AR IR KT RT
Bekto sl A KRG B A5 L A2 BER ¢ Bo N 20A G hil % CMOS

R o SRR T AR e SR o



+ VS VG + VD + VS VG + VD

P-type, ‘Bulk”
Substrate

7/

(a)

STI

02um  Bulk ~ 10 Ohm-cm

(b)

B 13 @£z LT 5% (bulk CMOS)~ i (a)2] ® B (cross-section) °

(b)TEM 2] % Rl(cross-section)



+ VS VG + VD + VS VG + VD

8i0; Insulator—‘Buried Oxide’

/
/|

p Substrate

(b)

B 1.4 SOI £3% £ % &% (SOICMOS)~ £ (a)?| @ Bl(cross-section) » (b)TEM

2| % [](cross-section)



11 HMAFRE 2 2RSS I P LT L AN

MBS PP £ % L A2 (fully depleted SODZ R4 f2ip G %MW 7 £ 3 L 2 2
(partially depleted SOI) 4= B 1.5 #7477 > o >t EW A &5 - B 5 F%g 2 0%

iR Ok T 2 T BB Y Bt > L2 5 NA RS S P 4

F £~ x i partially-depleted SOI > f§# % PDSOL ¥ — = & » 4@ 1.6 #7
oo TR B R BT o B N g LR AL > T LR 2 RS 4

F&F L x fia fully depleted SOI » f§ £ FD SOI -
PD SOI ~ i# 2 i gL A 3td 00k 7 = 2> §HEIRHR LRENTR

=
.

-

CLC R = Rt 580K B R B I TR TR RS AR

g

_;,a—

FL% T OERE MR R ¢ (neutral

Ebu
F_‘-

IR = TS L N
region) % 3 0 Flt € F ¥ ¢ A M 2 i (floating-body effect)[3][4][5] » ™ % F 2 &
43+ =~ i (parasitic bipolar device)»<fis » * F]Z F Wk ¢ hx L % v E X IliaiR
(drain)§¥ /B #&(source) s 58 » PD SOI =~ i en= K s fig» v ped o gt ¢ > d 3 PD
SOz fEik® 3 27 MR EE FINFAEBBRIAFS 282 2wl fKk 7 @
R H 2 A5 2 W Kink effect - PD SOI ~ i 4p 3t FD SOI ~ i » % &% ff ¢ »%
J& (history effect)[2] = #Am PD SOI ~ i & @42 } 2 F i FD SOI % edF » #&Ii

SOI jj:/fh‘% l] PD SOI = ;‘__ /rl j’j:[}:r °



Polysilicon Gate

N+ diffusion

Depletion Limit

Bl 1.5 %4 ﬁ’?’r%ﬁ:*"’ % e % % [B](cross-section)

T\Wﬂlﬁ

Polysilicon Gate

A=

N+ diffusion

Buried Oxide

B 1.6 2RI %H P £5 L~ =32 % Bl(cross-section)

8



12 HMAJREBHEHI P AT LT HWALs R

4o@ 1.7 #1747 0~ BB A58 5 8 % (strong inversion)fEF o i iE P OR F

LR T H i b B i LR A R drain) g E TH T L L 4L

’,

% 3 (post pinch-off region) » F] 5 & 3 5 < ek T T3> AT E AT F §RHF

St A 4 T+ Tk #(electron-hole pair) » e F A 2 2 5 '+ L F|F

(5
N
oy

LS
HERFLHRAEAL L DT F T HE > o2t BRBS F2 5 B F P54 (impact
ionization) ° 4 & P53 (impact ionization):FiEALF ¢ 0 T+ £ AT BB D
A Ag(drain)# & > @ % OF B § AT R ECK L 88 (substrate) £ # 0 F] 5 F B T
& (buried oxide)sF e f » T Rk £ B P A2 ¢ 0 7 g5 d RIEE A
PAFFHERAH > AM(body) T RE B F 0 @ FF L FH T T S M (parasitic
bipolar transistor) £ - ¥t 4% & (body-emitter junction) #if > § i & f&(drain) T 7w F — 7
BFATIRBEAE A 0 PHL D0 RH sk (kink effect) > #t 5 IRA fRYEE
WIPEF ZTRMLEFARRL I WMo BHRIGHU I P £33 2 ~ARF 3R
2 fR3ehw K (thin film) & 2 9 56 & M (floating-body) » #717 f = i b s
17 v ERFER
db G AT LR A BB R P N A4 F X T & 4PD SOI
NMOS):r kink effect J2 % iF &¥ L ®w e Ef 3 = 2 M 0 F] 5 # % P54 (impact
ionization)*T & 4 (N F mF R ol B Y 2 PAl £ F X T 548 (PD SOI
PMOS)\* 2 %8+ # N4l £ % £ T & 8 (PD SOINMOS) 7 +* #&-| e kink effect
Merfripe WP £3 2T HHM@EPD SOI MOS) 7] 5 3 % A WMk
(floating body effect)erfif % » @ (8 Ak f§ HoA] F a2 {44 s % Flgp > d 305 4

¥ 25 48 > s (floating body effect) » ## 4 (impact ionization)fr#% 2 '+ T &
9



A V(;s - VT(V];SN 0-6)

|/ Vis

B 1.7 PD SOINMOS j# W22 7+ % Bl

10



%8 (parasitic bipolar transistor) " T p 2 |5 > R FMLjRPG W I £5 X
T & 48 (PD SOI MOS) #4407 ik @ 48 4] (current mechanism)fe— 45 18 2Lk &
FOulk)4F LT LM 2A R B 4oP ANMARBEELW I P LT X T LM
(PD SOIMOS)iZ & = # 4 BE* =+ % J i (parasitic bipolar transistor) sF## ff #-3] £ 4p

FER o

A B4 SPICE '+ T R4/ &5 £ T HMicd] ke = 300 2
G £F 2T HWEPD SOLMOS)2 # f A& 73t - A% 417 850
¥ &3 2 (PD SOI MOS)~ # ek A 28 4 fr @l o % = 3 -4 17704 fR 45 40 1
¥ £% X (PD SOI MOS)~ i+ 2. T in B & 4s4] > & 1 * SPICE 2 = 2 3] £&2 2D i
BECHE 7B enfER v R o % 2 F 944 474 ) SPICE # i B0 - 2D hoge oty

%cmb\ﬁ‘%&mﬁgj”\ ° F -3- = ﬁwvﬂ‘?‘fr%‘j‘—$ e

11



Chapter 2

¥ RS RS RS SN P N 24T
SPICE #.73] : 2 in & 47
SPICE Modeling for PD SOI NMOS Considering

Floating Body Effect: DC Analysis

WA ARG S 45 L SPICE #4ch3 B 8% kgL AHHT
(VLSD)#7% 2.3+ 5 4 P2 2% 3 (CAD)sh T B i A28 - 2% 1 4§ L = 2(MOS)fr
B+ T HMBIMPE TR E LA ¥ P33 45 25 L (BICMOS)f 4 *
WM MAFRPE G P £ F L AR P A 2R o

B 2.0 270 - B8 AL R e gl P NALF 2T LM 436
RS VRS AR L (BICMOS)* 3\ #7i * én3R A 248 G 8+ 7 b
SPICE = i §-34|[6] o 4B #757 » 384 f24rG %4 + # 2 SPICE 4| » d % & 7

ARG YRR G A FRNA BRSSP AT AT R

-

R A G B g XA (MOS)for Bk AFNahE 2 S R & M (parasitic
BIT)% i ~ i T {7 & Pk (T4 = o %4 4+ T & H(parasitic BJT) ¢4 & (emitter)
145 £3 & ~ 2 hihtk(source)id 4% - ¥t > F 4 B T & M (parasitic BJT):h
Bim(collecton PIFI £ & &£ § £ ~ 2 ehafg(draing: 3 « @ F2 3T HH
(parasitic BJT) 12k #&(base) » P &_ o &% L < i ai 47 (substrate)4p i £ 0 A5 =
- FE A F s R g b £5F L A2 ¥ AR S MOS 4 BIT enE sk

12



TREE o doBlHr > ¥ aRCA? % 0 - BT F (Couied) K &7 B2LF L K
el BB P £F Lo SPICE #3]7 » 46 £F L A orip ¥ i 07
P BRAEIMGL £3 X APREBETAET AL ANFART IR LM
243 @ * 7 Gummel-Poon $-72[7][8] o

hiE GG £F L SPICE A > d 25 £F XA TH %8

A1 A& 4 g # 53 (impact ionization) ¥ in s - B A ¥ Lk end & st R E MR

6”3*

g e EA Y WRE A5 F LTS R KW E(base)f§ B TN
pe 415 ds AL 48 2 i (floating-body  effect) o "f pL 2 ek s ’&%ﬁ”%’ GHMIp £3 Lo
SPICE 3] » # 135 Ui d AR enT i > &m IR N300 R8s 8 7

£F L Aderihy duid Aok

13



I _ toxt T )
} MOS
a5 | B, | B <
BJT
— Cburied |
| S(EJB

B 2.1 PDSOINMOS 2z = &2 Bl{-f|* BiCMOS * ;‘ #7122 = 2. PD SOI SPICE #-

3l



20 WAPREEHWE P AT L2 iR T EBH

Yo 22 A 0 G- AOnm R4 FRME S N A4 F L AR (A
¥ ¥ (saturation region)P¥ 2_ & 7 i 3 4% 4| (current conduction mechanism) e # & 7+ &,
BI[9] o % ~ i 4k I% & {r % ¥ (saturation region) ¥ » %3 it & /# (SiOx/Si) % & chk
AN €30 TIFEH TS g TN o FA A TR T

f¢ % 1t % & (post pinch-off) » F| 75 &+ e » % H(lateral electric field) » #7141 § 7 &

BT+ HRE L f(attice) » AT F R FHNAL c L2 INTIHETFF
€ FT 5 P Hb-d AT FER R BRELRSE 2 R OTFE T RES
Boo Bt d ST ek L) X PARR G e dp s o T AR FERT

;»(impact ionization current) o ¥*" @i 1 84 R E G # N4l £ § £ (PD SOI
NMOS) =~ # » 72 § it K (buried oxide) t % 2 FE§'+ T fu # (parasitic bipolar
transistor) ; 2 &44&(emitter) Ak & (source) ~» £ & (collector) &4 & (drain) » % ¥ £ 4
Evg o — IR endy F P54 T o7 (impact ionization current) § Fl€-® T H-(vertical
electric field) > ™ 2 4% » B2 ¥ ¥ & (buried oxide)inds o % » B2y it K
(buried oxide) t # & ¥(thin film)p € )= Tk F 4 > € 2 3 AL F 1 K
(buried oxide) + % # %j?—r # &» %8 (parasitic bipolar transistor) - % & % %j§ + 7 5t
(parasitic bipolar transistor)4& ff 3 > izt R ff 07 F ¥ € & T F ¥ A (body) P &

748 & o BAv L v L 47 & sl > 3 i 48 Tk i (steady state) FF > 5 d Jg B P53 (impact
ionization)*T & # hL F H § L& r RBHOT FFEAAR o bF L FFFT LU
(parasitic bipolar transistor) p > — 8 A& d T F F A7 & g & F o (collector

current) » ¢ F]Z-E 7T H-(vertical electric field)m = 3 T H i # o L T+ ¥4 €41

#F & te(lattice) » Fpt 7 ¢ HUE TP AIARR A § LT TR HPAEL o
15



VG Impact lonization
T (high E-field)
/’f

/ Vp

(- T Klc

len /_,//
L N
+ = y' K +
n n n

| "1 '

Parasitic BJT

N

B 2.2 40nm R4 fZ24re 54 # N4l £ 3% L (40nm PD SOINMOS) =~ i p 3827

s 1@ 4% 4 (current conduction mechanism) =8 & 7+ R, B)
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22 BEFIRAMET L ALK

d itz R EHA AT B B P A

mgF T(MOS)~ 28— RIRenF 4 %;‘—1 7 &p B8 (parasitic bipolar transistor)®

T BE A A A o FR ’EE%E"%%‘"Egé—”tiﬁ*{?i/é%}:%f%“/»\ﬁi
WGP £F LA Eaid] o d - &0 ik @ E 484 (current mechanism) 4
P77 AT o fe gt {EA U ;:’ AR 0B B AEK I E K 4B 2.3 %77 0
S8k K &7 7 S % #een i 2532 T (impact ionization current)ii T % R

(thin film)® 509 B3 B+ 5 Gl KRILA 7 T4 55 6 deind 2 45 L8R

(parasitic bipolar transistor)e g niie 1 A @ & §F L <2 FiT A H&k(drain) 5%

THRE O A i*n\”r § ehfs & ok % 3 (post pinch-off) o #3531 » i& 5 S#c2 12 0 B

3T R/ EF L~ (bipola/MOS)eZE 1 it M TR M P £F L

I SR o

M

B 22 7 v § A REES M P N W4T 2

i

(saturation region)f# > & 7 /i (drain current - Ip)¥ AR 1Ed % 6 i i & Jii(channel

current - Iop) » % P53t 7 /% (impact ionization current - Ty) » ©2 2 F 2 FF* 5 T £ 8
18 4% 7 sn(collector current - Io)# 7% & @ = @
2.1)

@ F iR T i (source current - I) B ¥ 14 AR 18 d £ & i 3¢ T /i (channel current - L) » —
2R A b T i (impact fonization current - (1—K)Iy) » fe & 2 g5 T £ 4
$4+4% 7 o (emitter current - Ig)#78 & @ = !

I,=1,+(1-K)I, +I, (2.2)
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oD

Electron current
Hole current

Ih:(M'1)(|ch+KIIC)

W 23 BT HWBIT/£F L (MOS)~ i % -
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~ {6 P53 T v (impact ionization current - Iy) ¥_#% & i i 7 /it (channel current - L)
-3 Ss 28 % B a7 Jn(collector current - K'Tp) e $e» #7170 ¥ 1L 4 7
12V

I,=(M-1)I, +K'I) 2.3)

258(2.3)7 M i 3 Fl#ic(multiplication factor) » # 254 F B 5 ¢

M 1=V, —V,, yexp| —L 2.4
( D DSAT) P( VD—VDSAT ( )

SRQAP e p S WA AAM NS HERT A AR 0@ Vpsar & &~ 2 R]E N
4z fr % (saturation region) FF f&¥ £59j5 & T, /B (drain voltage - Vp) » @ J* FF e M—1 K4+
500
Ripasimzv k@A mBRT AM—1 2 F2 EFF T HHNT N

% (current gain - §) - B] 2.4 % ik 4% % B (drain voltage) F € % 2V efiR™ > M—1
2 F A RS T ST i F (current gain - f) ¥ R 15 T /R (gate voltage) b %

Bl o % W 1&T B (gate voltage)j -~ > F]{s & ik F & (post pinch-off region) % + » &
P 4t(impact ionization) { Bx& > # 3 M—1 E% < o d B 24 & 82 M—1 dg$
AR F o i 3k d 4R TR (drain voltage)2. T 0 # 2 B+ = &t (parasitic bipolar
transistor) >z Ji v* B 2% 3 (impact ionization)»c J& 5 » ] # ji T /& (breakdown voltage)
€ &1 1= T R (gate voltage) F £ 37 4p B - ¥ f2 8 § F 4= T /R (gate voltage) % /| » #

# T /& (breakdown voltage) ¢ &£ {53 2 [10]
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120

100

80

60

40

20

Current Gain

1 1 1 1
0.08 |- —n—M-1
—e— Current Gain
0.07 | - Curre DC
®
0.06 | /
- 0.05 - »
= /
0.04 |-
a-—
. —_—
0.03 - /
0.02 |- \.X:/.
@
/ _"'--.
0.01 | g
——
[ ] l..._______._____.
0.00 |
| 1 1 |
0.0 0.5 1.0 1.5 2.0
Gate Voltage(V)
Bl 24 AAtETE S 2V OERT o M-1 2 F 2 B+ T & H(parasitic bipolar

transistor) 1% 7 3 F (current gain) ¥+ R & & & 2 B 7% B
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Philips Mextram Level 504 e4i=3][12] o

Bl 2.5 5 BSIM4 z_ & Aleng i3 B ﬁl’ﬁfﬁrﬁgj 41 e Foutput resistance) @] o ¥
TREFE RO HTIATRET A XA B RS TN F A& H&(drain) T R P-iE
A & (triode region) > 52 % i F X A& f&(drain) ¥ R A7 B 48 {o % (saturation
region) o 4c#roR 0 & H ﬁ?] dUFE U output resistance)Z. FHEF UL 2w BERE 0 % -
B % B 5 A% (triode region)F » @ H s = B % [ ¥ 47 {o % (saturation region)
Fofrm @A v il pIR4l2 2 k7 s i 3 % 20 (channel length
modulation - CLM) ~ /& &35 3% it it © "# (drain induced barrier lowering - DIBL) ~ 14 %2
4 7 w51 & FL 48 5 i (substrate current induced body effect - SCBE) e #-12 + 35 ‘?c *n

5}%154\ » B fé el l‘g?_“fé};\:?,u—r;dﬁ"2};\:%%\*3§:

I..-NF|[ 1 (v, +v
I — ds0 1+ 1 Asat ACLM
ds R I C - n { V j:|

1+ ds” dsO L c Asat

Vaser (2.5)
.[1+Vds_vdsqff .(1+Vds_vdse_ff]‘{1+vds_VdsqffJ
VADIBL VADITS VASCBE

H P el % intrinsic & 2R E T o 0 H o505

\%
w Vo[ 1=
ll'le_fochO ds( 2%}

l,,= v (2.6)
Li 1+ —=—
EsalL
At R A ET O o N aicd] o BT kA R 253 T St (impact ionization current)
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Ids (I'ﬂ/\)

3.0 I | |
| |
: |
Triode : CLM : DIRL : -
| | ]
25+ |
| : Oooooo&
e _
| | 00 EJp— N
2.0+ | B | O .
: (F : * gun® "
. 1 L
: ..Ql+lllllllllllll:llll . |
— | .... 0 I I O
1.5 P i |
m ! o | | ) _
T i O
I |
| | i
lo— ™ : . | l Oo
| | ]
] : o} | |
| |
n | i I
| | qlo : : |
| | O
OO |
0.04227 L | | |
0 . ! 3 4
Vds(v)

B 2.5 BSIM4.S5 #A| 0T it B F £ 31?] 21 FE U]

22
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el -
fr 8 54 7 v (impact ionization current) 5 i 3¢ ¥ 7it(channel current); 5% &
FERESIEREETALZ FNT IR mE - NV AE
l,=M-1)-1, (2.7)
@ 7 BSIMA4.5 2_ 254 =% 3 ;i (impact ionization current) = ;% 3

_ ALPHAO+ALPHAL- L,

ii
Le_ff

BETAOQ
(Vds Ve ) exp {ﬁj L yonoscae (2.8)
ds dseff

ALPHAO ~ ALPHA1 %2 BETAQ ‘¢ 5 #53ptbrif 2. S #c > @

2

_ Lo NF 1 Visar ¥ Vaciu Ve =Vaser Vs =Vaser
L ynoscee = R, 1. {1 + C ln[ v 1+ 1+ Vv (2.9

14— dsO clm Asat VADIBL ADITS
dseff

d 23827~ 28)%2 Q9)pE iR T o F FI M1

ALPHAO+ ALPHAL-L, BETAO
1 = L e ( ds _Vdseﬁ‘) (—J (210)

eff Vs = Vdseff

%

FTHERfeT G F E A M—1 2 &7 A E AR o

B 2.6 5 #1i¢ * g Mextram 504 #-7]2. £ 5T T B B] o Mextram #-3] §_fL
Gummel-Poon #-7] #72& = > # 4e » 7§ J|3c g (early effect) ~ B i3 » 3z & (high
injection effect)fo4# 5 »c s (kirk effect) % % H i 07 2 £ F]% - @ Mextram 504 #-

Ao BT AT TA AN kA
[ =—«< (2.11)

¢ RCC

1, e (2.12)

(2.13)



H ¢ (2.11)57 RCC % collector resistance~(2.12) ® 7 RE % emitter resistance~ @ (2.13

)¥ e RBC % base resistance °

LR FIEF 2§ Ak p B T S4B A& T i (collector current)it ¥ 4 X
20 £F LARRTEBOFRTR MNEEFLHFREAL L WFFERET
sn-(impact ionization current) ¢ 7 /A& %A (thin film)sh? (2% > 5 g F FlFx 2 1
BT hM/&5 X~ 2 ¥ 53T F(impact ionization current) #-3] 2 54 14

= =R M

ALPHAO+ ALPHAL- L, BETAO
= ( ds _Vdseff ) X

" L V.-V

J '(IdsNoSCBE +K 'Ic) (2.14)
eff dseff

a2

M g 3 — WA pFH i T U (impact ionization current) AT ik I E WA P
¥ o33 F 2 EF S T 5 (parasitic bipolar transistor) 57k & (base)f§ # T it < F

BRGS0

Ly pigeer = K- 1; (2.15)

cpl il R aE T Y %§k+ T hR/ by XA %gf#ﬁv{'ﬁ/w\ R R ST ]

E A R BT ORI R B R R R SRR 0 E AT R
CE I

24



C . B i E
? it Caco 7 it €80 {
I I
p base nt emitter .
A ’
> =
I3 ) I,
OF Is
> T 5
H 055 —— Oip Iy
|:| Re Rz | B, OBE
—__1 B;
[Blﬂz QB(_" IEU'I
— Qr\
. L L
_}Qtex . _Qre:x; 1 _! '
1 X1, Xl Lsup TexHI By = —I_eri C 2
‘X—Qex gl 81 QE'X . I‘C (&)
VA VA n epilayer H' )
)
n n
- Iss - ¢ + - .
@T 0, n" buried layer
S
1 =T
o) p substrate

Bl 2.6 Mextram 504 2 NPN fri* =+ T fu #ch= BEE T BB
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2.4 __ /”"ﬁﬁ% ; A\*ﬁ-

Bl 2.7 #r7 512 ¥ 40nm R4 fR3p e 4P # N34 5 £ (PD SOI NMOS)
BlFE 2T F N E 3 A BI(TEM) > B 2.8 Bl 5 f1* = ‘&~ ¥ #3 & MEDICI
A 2R L 1 2 G Bl o gt & 2 E K (thin film) & & 5 70nm> T 432 P AR R

3k B 4 3410 cm™ o B g it K (buried oxide) i 145nm v W BiRF & (gate

»

oxide) & 2nm - i i % & (channel width) 5 1um ° ## 4&(sidewall) T #= % 524 & (lightly
doping drain - LDD) %414 % X 1} I #1.% - (shallow trench isolation - STDFR Ak = *

Bt ﬁi}%&f‘:ﬁ#t‘ o @ if 4E - dh(sidewall spacer) ™ * 5 65nm £ A N A4 S35 F 3 o
A4k 5 107 em® o o RS TR/ EF 2 AR R 2 ¢ AT
»enS B K& 5 099 48 K% 5 099[13] > & 4 * = ‘&~ i+ 4 ® MEDICI > #-

RAL RS RS 3 0L 2[4

2.4.1 A %%

Bl 2.9 7 % 40nm 254 jA48 S # N3 4 § 2 (PD SOI NMOS) = i ¢h
AT s (drain current) ¥4 & 7. /& (drain voltage) Rk 7 B > /R A58 & $ (floating
body)™ » 243 SPICE %;‘—* T/ g E X AR - B ECE a0 MEDICI
MEREHTRIEEATE D o d JLEF 'ﬁ At § A&7 A (drain voltage)if 3| - Z_E
FEo ¥ P RE LR T A 4R T o (drain current) € F - R IR % 0 S f],%{kink effect >
P pE e i iR R B4F {o F (saturation region) P 0 A i FR el iE AR ITARE € A
24 & 41k % ¥ (post pinch-off region) » & F 5 = R T T 3 B P54 (impact
ionization) & 2 1T % € AL K (thin film)ih? B FHimd > T § &F RPN &

f& o #® F 2 S % & W (parasitic bipolar transistor) £ - #4 1& (base-emitter) T /& =
26



Buried Oxide |

Bl 2.7 40nm R~ 2% & N3 &£F LR 22 75552 3 BER
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Vg

Vs Vp
L /f ° \\ L
4' ‘7
STI Stress n+ | n- P n- | n+ Stress =
|« > | |[¢——| | € » |
S/IDL 40nm S/IDL
Buried Oxide
Substrate
B 2.8 40nm R4 fFHME %P NA &3 LHm 230 B

28




® 0 1 -k (base-emitter) & & VB R 0 F 4 B+ T & M (parasitic bipolar
transistor) #- ¢ #if > §&- 7 T R (threshold voltage) *#- ¢ "% ™ > H k% & T /i (drain
current) § R X3 4ro B 2.10 #75F 5 40nm %4 fEHE S48 N4l £ 3 X (PD SOI
NMOS) = & ek %8 -k & 7 & (body-source voltage) ¥} /% & 7. /& (drain voltage) i# %
Bl > i35 SPICE B+ T & #l/£ § £ ~ 2404 M 2 = = 2 55 408 MEDICI 7
Fdod RITPBEEF > § kink effect B 4 hpF iz 5 K- iR T B (body-source
voltage) § P g AL+ 2§ > Ra o § R OT F ek (body) T RE I F - 2R
2 16 > Fh-%fi&(base-emitter)d& o H#-€ F il > pPF AR (body) R R K7 € B G
Ao dm ¢ @R 0.6V I 0TVeq d BV rLF o At i hRl R T R (gate voltage)
T o % &L S xR 7 R (drain voltage) 1 € # 4 kink effect » &8 F) 5 B iET R
(gate voltage)a% ~ » & % iF F £ (post pinch-off region)fjf‘u% B A% % % 4% 7 & (drain
voltage) 4 it A5 = » @ do@ & F & frdp it 0 F A %i‘ + 7 & 1 (parasitic bipolar
transistor) 73T g~ B2 18 % ok % & (post pinch-off region) & ~ fjﬁ{%"iﬁx M-1> 3 &=
eAp B L0 Fo§ B4R T R (gate voltage)4% ~ pF > kink effect 4% € 7 4f (S5 4 chI % o

4o b it S Bl ror 0 o R E I %;V-—??BEng/ﬁiiifi*

St

ok 2 30 e R

+# NAl 435 X (PDSOINMOS)~ # #7] » T oz d Hrid o
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12 b of
Measured e “
MEDICI .

Drain Current (mA)

Drain Voltage (V)

B 2.9 40nm %4 jR4% %4 # N4 £ 5 £ (PD SOINMOS) = i thix & § in

(drain current)¥f % #& 7. /& (drain voltage) & % ]
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0.8

- MEDICI ——
0.7+ SPICE
g 06 -
= I
=2
S 05}
o
> -
3 o4l
—
3 —
» V, =04V I
L 03
o
8 -
! 4
ool 06VIS —
1 !
F i (é
!
01 | /
0.0 - L s . -
0.0 0.5 1.0 1.5

Drain Voltage (V)

B 2.10 40nm %~ f23E 3 8 # N4l £ 3 £ (PD SOINMOS) =~ i i #8-Ih

1% & /& (body-source voltage) ¥4 & 7. /& (drain voltage) i i BB]
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242 F2ERITEWLAH
o G RAEE A %§‘4 % & %8 (parasitic bipolar transistor) & jit - iw T GIR
%o B 211 %77 5 40nm 254 fR3E 24 N4l 4 § £ (PD SOINMOS) = i ¢h
k-5 T f7 (body-emitter charge)¥tix & & /% (drain voltage)Rf % @] > %3 SPICE
BT RM/aF X~ H0A 02 2 a2 R MEDICI #74 &) < d w0 i 2
A A5V LA 0 F iR T B (drain voltage) vt o] BF o K IR F 4 %ﬁ\- + 7 4o B
(parasitic bipolar transistor)d A i@ > #r b prd R 3 e A k- SRR T
(body-emitter charge) % » § /% & % /& (drain voltage)i% j#r= § > & d e 5
(impact ionization) & # eh T F #FF LR P PR AF A FLEL I I LM
(parasitic bipolar transistor)fjf‘u ¢ ¥id o A 4 Kink effect » o ¥ 1 JE @] 2.11 ¢ PP A
BL% 1) -8 T i (body-emitter charge) i/l 2] et A g > w A F L F 2 R
+ 7 & $8 (parasitic bipolar transistor) * f¥ & 5 ¥ 0 o #7112 & A & (base) ® Qﬁ:i\ +
(minority carrier)® + ¢ = & #{ 4 » @ b P A BLa 4R T R (drain voltage) ™ ™ i ]
2.9 112 B 2.10 vt g0 4 & kink effect 3% 4 pFenT B gL o ¥ d BT LA/ 4

F 2~ 202 Ade-5E T 47 2 3¢ (body-emitter charge) % 5

1
Oy = E'QB() L 'qlg (2.16)
0y =TAUB-IK 2.17)
4.18 Virrr
= .exp| —B2EL 2.18
f IK p( vV, ( )
noo—h (2.19)

IS : Saturation current for intrinsic transistor
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IK © High-injection knee current for intrinsic transistor
TAUB - Transit time of the base

HBd 2 5(2.16)g8 5 earlyeffect 4R 2. S8 Bz T 3 £ & o fzd 28T R
IR 0 A R-544% T J7 (body-emitter charge)#2 2 %8 -k 4% 7. /R (body-source voltage)
L3 EARM L § AMW-HET B (body-source voltage) | 7| + [ > B k- SR T F
(body-emitter charge)~ B ¥ pl 7]+ =2 > WwiE o478 % - R o

B 2.12 5 40nm 3% 4 f2EE %4 7 N Al £ 5 L (PD SOINMOS) =~ # ek &
-5 T % (body-emitter capacitance) ¥t/ & & /& (drain voltage) ¥ 7 ] > & 3% SPICE
R T hi/aF X A2 H3 12 = A ik gc i MEDICI #1 )  d R 7 1
BLE D 0§ kink effect 3 2 HpF iz 0 Z4R-54R T 7 (body-emitter capacitance) § 7
A g d THEARG

_g0

2.20
o (2.20)

Kink # 4 pF > d  TH47A 4 0T Fin 1 B A (thin film)® a9 B F > @2 F 4
B+ T & M (parasitic bipolar transistor) # 4330 » ppF € & & S H& (emitter)
A g ik~ Ak(base)? v rrd D3N (Q220)F MAaH o FlE T F A RER

BH e TR RS ERE2Z B e o
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108

Q,_ (Coul)

MEDICI

Bl 2.11

0.5 1.0
Drain Voltage (V)

A0nm 354 248 54 - N3l £ § £ (PD SOINMOS) = i chfk & 5f

& % /7 (body-emitter charge) ¥t 1& T /i (drain voltage) i ' [f]
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10"

. MEDICI ———
[ SPICE  ----
10" | s
m : £3° -
w | -
e I V, =04V 0.6V 27
10_19__________:'_'24 -
10 : L . . .
0.0 0.5 1.0 1.5

Drain Voltage (V)

B 2.12 40nm #%4 fR3es 4 P 2 N3l & § £ (PD SOINMOS) =~ i chik f&-#f

& 7 7% (body-emitter capacitance) ¥} & & /& (drain voltage) i % 5]
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25 &3

-%;\7

EINL fRAE G SR P L2 % 8 (PD SOI MOS)h T i & 4% 1| (current
conduction mechanism)é4 7% B T4 r K2 K3 #3]¢Y > 4 5 & Fren
FINL RSt £ X7 5K A PD SOIMOS):1 SPICE i3] - fgﬂ T P Efe
2D # ki 4852 SPICE it s % F v o v 1Y 'é Iy & kink 3 24 PF > & %K (thin film)
PISR R E A A o F 2 S T & W (parasitic bipolar transistor) i 0 47
R e € 34 o @ kink 2 nEhe FUR fR(gate) T R G M 0 W fR(gate) ® RAX L
kink #7008 4 ehix § ,]j'i\fvm ol ikt Rk BRI ETFL LW EF X

AR S et 2 SPICE -3 2 it T 5 - WnB e
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Chapter 3

fI* 4 3/4§ 2 SPICE #:3] & i3 2 V4 fR3L% 548
PR F X AR R A

AC Model of PD SOI MOS Using Bipolar/MOS SPICE

Model Approach for Transient Analysis

T RS EALTINLFRE S P £F L (PD SOI MOS)~ i enfic A i
2B nenA o oa AR EEFL AT “’.’i‘]ﬁﬂ%,@&\%‘roﬁii%i“:*?a"aﬂ?ﬁ/ﬁ

FLAREAZE TR o B 3.0 FUAAATREATR Y 2L [ G G A

Rl
[Eie
ey

=

2 (PD SOI MOS) = i 2. % 522 i #Ea] » 5 7 & SR prens 45 > fgt §02
¥ & * 7 Gummel-Poon #i-3] k & £ gRINF 4 %;‘ + % & $¥ (parasitic bipolar
transistor) > Gummel-Poon #-3]* #i ¥ charge control 3] » # ¢ 2. Qpg * % % 2
i‘ + 7 & $ (parasitic bipolar transistor) 17k #&- 5 1& 7. /7 (base-emitter charge) > Qpc P
£F 2 5+ T 5% #(parasitic bipolar transistor) ¢4 #&- & 1& ¥ J7 (base-collector

charge) °

31 55 pdkiE

d ik 22 TR S HCE R R R A LN i R E P R e

»

% %% @ (empirical parameter) > I ¥ fie w0 it 2734 DTG RWEF BT

22 REFFLRWEF Pl 3T 2D w2 a0 A

37



lch "
< - al
(1-K)I, I E |
h
kly
C - GQJ C _ aQSC > D
| v, B, A Electron current
- [ Base Hole current
H—

B 3.1 AR ssrp £3%5 £ (PDSOIMOS)~ i# 2. & 223 il
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1. MOS = & 4p B %8k

S Hc S BB W
ALPHAO le-8 Impact Ionization Current
Model Parameters
ALPHAL 0.005 Impact Ionization Current
Model Parameters
Impact Ionization Current
BETAO 2.5
Model Parameters
2. BIT i &4k %8k
X St wp
11 -emi
IS 52e-16 Co ecFor emitter
saturation current
CIE 1.8956-15 Zero—b'ias emitte'r—base
depletion capacitance
VDE 102 Emitter-base diffusion
voltage
ciC 0.195¢-15 Zero—bifis collectf)r—base
depletion capacitance
VDC 102 Collector—b.as.e grading
coefficient
TAUE 0.2857E-12 Minimum tr.ansn time of
stored emitter charge
TAUB 0.6E-12 Transit time of stored base
charge
Transit time of reverse
TAUR 520.0e-12 extrinsic stored base
charge
A2f 31 BEfEFLIHRWEF X AERAIZ AR NRSKE
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AT T8 2D RN RV REE Bl 32 FAFWRATTY 2

ADS % BB > 4o B #7770 A f&(drain) & B F 25 2V 0 JRik(source) 7 B FAF R

& HKSE AR S AR fe(gate) T & 0 4 %] 5 10ns 12 2 100ns 0 £ 0V A 3 2V o

RpLZ -~ P82 F 2 P+ T &t (parasitic bipolar transistor) 1% s ©

VAR
~ VAR1
Vdd1=2V
Vgg1=2V

+

)

Trah
Tran1

gﬁ_ TRANSIENT I

StopTime=13 nsec
MaxTimeStep=0.1 nsec

: q _ T = m-1
V_.DC. _ sl ib
= |_Probe g wfl— 4
+ - —: :
— SRC4 E |_PFObe1 @ 5 g 1 —.Ie
—- Vde=Vdd1 ™ = : L
i - . o s1
e I |_Pl‘obe CD . . . 5 . 8 7 . 8 | e
= |_Probe2 | | o i L” L1 L
vin _l :L' test —
I=Brobe X4
|_Probe3
2V
), e T
@ Viow=0V - e =
, " Vhigh=2V | § b D
-l Delay=0nsec| | B ' j_
—— Rise=10nsec| = T N
= e ) " . T
— o
E G
B 32 Wi A4rerr 2 ADS A8 T B ARA R 2 T AR
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32 FARHEFTLFIEFITHME M12 445

Bl 33 ST /RF AR S 10ns PF » 40nm %A f23E8 S48 & N Al 4§

L (PD SOI NMOS) =~ i# &4 4% 7 it (drain current) ~ £ & & /it (collector current)!” %

5418 T i (emitter current)¥f ¥ & B (3] > %45 SPICE '+ T S48/ & § L ~ 24
A2z s 2 HCE ek MEDICI #7g &) - B 34 Z BT R ZAFF S 100ns
PF > 40nm 3% 4 [R5 %k 2 N4l &2 § £ (PD SOI NMOS) = 2 &4 & 7 i (drain
current) ~ £ & 7 /x(collector current)!” % 4% 7 7ot (emitter current)¥+ P & i % @] >

4% SPICE {3 T &#/4F £ A & 40412 2 - @~ & {g# i MEDICI “+ %
Ao d BT g A SEF W 4R T R (gate voltage)sh b # > A 4& T ji(drain current) §
- T XA T A g2 FE s B FIR iR T R (gate voltage)* £ F o gt pE
A7 n(drain current)s WAFFE T o BT R@FREF 2 FH S T & M (parasitic
bipolar transistor) » ¢ B ¥ 4 » 5§ ¥ /& {& T i (drain current) + 2 > & & 7 J(collector
current) 9 5t & T i% (emitter current)+ € F o 2 & F § R E 4o 2 EREF R
BAR(S G hPER R @ 3 SER R T R (gate voltage) it 2 A s 4 2B g F LT H
T oAb g > B A F 5 b HPEERF R E APF o B pF R R T R (gate voltage)4p vt A
1% T & (drain voltage) k {3 -] » R iTAt&(drain)zf B THFF F (g + advf T
T B0 #7085t (impact ionization) T - (X B 0 iTPF IR F 4 o SRR i
(parasitic bipolar transistor) s sz i 4p 4 K 3+ ﬁ.ﬁwt BB ATILAEPE IR AR T N
(drain current) * & £ 4 % 4 F§'+ % & #(parasitic bipolar transistor) N i
T R (gate voltage)#F 4§ + = » i {&(drain)zh vk T T HFbrbrk 3 B iE A% L o

#7005 4 B (impact ionization) % & € B 4 %33 > AT iu F 2 %;‘ <+ 7 &b §8 (parasitic

bipolar transistor) 77 & & 7. /i (collector current)#? & #%& 7 /i~ (emitter current)- ,i* w7 g
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06 |-

04l MEDICI I /1,
\

-
-----

Time (ns)

B 33 RETBRFAPERL 10ns PFo40nm 84 f2lpe %t N3l 45 X
(PD SOI NMOS) =~ i+ 7974 4& 7 7 (drain current) ~ & & 7 /i (collector current) 14 %

S+ T o (emitter current) ¥+ PF 7 B % 8]
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06 -
i MEDICI IC/IE
___________ \
SPICEI_ /I ~====wi_____
] . . 1 . 1 . 1
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Time (ns)

B 34 RETERFAPFERF L 100ns Fo40nm 304 238 S8 »# N3 £3 £
(PD SOI NMOS) =~ i+ 5974 4& 7 7 (drain current) ~ & & 7 /i (collector current) 14 %

S+ T o (emitter current) ¥+ pF 7 B % 8]
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£ 5L F W & T /R (gate voltage) i /& & 7. /i (drain current)en b = @ FF A F 2 > Ay
TR - R 23) 8 F 24 S T 5t (parasitic bipolar transistor) i
=¥ (impact ionization) &, S, 4p B - B] 3.5 A R&T R} 2 R 5 10ns FF > 40nm R
ARG g # N 3l & F £ (PD SOl NMOS) =~ 2 e M-1 2 F 4 5 T St
(parasitic bipolar transistor)2- & 73 & (current gain - B)¥p% & B 72 B > & 95 SPICE
%f‘—? Tee M/ £F XA BRI E - B 2o e MEDICI #1h ) - Bl 3.6 &
Misa B AR L 100ns FF > 40nm R4~ 238 %42 N 414 % £ (PD SOI
NMOS)~ & &7 M-1 2 % 4 %§‘+ 7 b T8 (parasitic bipolar transistor)2. & /it ¥ &
(current gain - B)¥+ P & B % ) - i35 SPICE B+ ht/es X AeHA 2 -
Mo 2O MEDICL “rig 4y o o BIF P B 1> S F P 3 e o R 2R
(gate voltage)sit = > M-1 & i%brég | 3| B (S AT 00 F] 5 3|+ A pFREF RS A pF o>
prpE A BT e i o PR 0 {5 &1k % 38 (post pinch off region) &4 > A7
UM-1 gARE L o PN T MR GREE oom d B 35 M2 R 3.6 W orug o
# 2 B+ T & W (parasitic bipolar transistor) 1% Jit 3 & (current gain - B)4& % §7
M-1 Bj4FdpF > 15 ht A pEE@ R B4eps > L R AW I AINE A
§“4 T &b %8 (parasitic bipolar transistor)~ &2 ¥ > g %) > T 7 & (current gain
SR ER G A E R 0 AINF 2 B F T & M (parasitic bipolar transistor)
» B 4o 0 3 F (current gain - B)~ ,T*F’“ tHoeom LiE-HEBRT R AR
B M-1 2 2758 £ (current gain - B)enf 58 > ¥ %D - F A EFRF L 100ns 7
M-1 v 2 73 & (current gain - B)#Re b = pEE 5 10ns e &k @< > &7
2o gk ¢ @ B P54t (impact ionization) > & fr F 24 %?‘ + 7 & % (parasitic

bipolar transistor) { “4c ¥ & » @ ¥ 53 (impact ionization)»T /i 3 %] b 2 pF R B BF
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Bl 35 METEBIAERES 10ns pF o 40nm 384 248 54 P N3l &5 &

(PD SOINMOS) =~ # ch M-1 2 & 4 F§'+ % & #(parasitic bipolar transistor) 2. T

o3 (current gain - B)¥PF [ B % 1)
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Bl 3.6 WiET /R LpERF L 100ns fF > 40nm 354 238 % # N4l 4§ &
(PD SOINMOS) =~ # ch M-1 2 & 4 F§'+ % & #(parasitic bipolar transistor) 2. T

o3 (current gain - B)¥PF [ B % 1)
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docnpEE L R 7 o om F A %§“4 7 &0 18 (parasitic bipolar transistor) ¥ %] &+ = pF
Rp-2dpitdiag od SPICE# #2555 ¥ UERHE -

¥ohd B 334c® 347 1F ko 7 kiR R T R (gate voltage) F 2 PFRY
4 4 '+ T & M (parasitic bipolar transistor)+ ¢ F T F 0§ W& T B (gate
voltage) = ehpF ¥ 5 100ns pF > ¥ 11 KE"; V& 4& 7 i (collector current) ' 2 b4k
% /v (emitter current) s+ 2 iE BV Y 4R T R (gate voltage) 2 epFE R L 10ns ek F
oo B  F G R A PR R R o K (thin film)F ¥ 5ol TOF R0
AT HEIPPEERF > A P AR S P Ek (thin film)§ X7 2 5 &> #r &

""in‘:r?’&aloonsmﬁ_,/l )igLLF'JE&F'&:AlOnSmj»P} °

3.3 * AR S 19%4%?‘;%95 TREF 2L

0 - HiEF 2 ERF £ & W (parasitic bipolar transistor) IR g ¥ 1Y
95k (thin film)® & gz TR KA 47 o B 3.7 5 WS R 2 pPFF 5 10ns pF o
40nm R A 2G4 P N 44 4% 2 (PD SOI NMOS) =~ & eh A #-hie T R
(body-source voltage)¥+p @ B %] » ¥ SPICE '+ 7 S/ £ § £ ~ 2 53]
M 2 HE o MEDICI #7% 1) - B 3.8 5 Ri4E® B 2@ 5 100ns f¥ >
40nm R ARG %E PP N A1 42 3% £ (PD SOI NMOS) ~ 2 ek 8-/ ik 7 B
(body-source voltage) ¥+ i i 7% ] » & 45 SPICE %?‘4 T/ s LN
a8 MEDICI #75g &) o d B & «"l’é Ao P AR R A pE o
PF 3T t(drain) =4 B2 AR {5~ kT F-{o & 54 (impact ionization) 3%
oo e B AR AEE > WETINAPE ] 0 A2 0¥ 53 (impact ionization)

T q*#p Bl o TN R D ENCR R A en Tk 10 0 AR T R (body voltage)
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B 37 LRIET/RF PR S 10ns pFo40nm 04 RS S # N3 45 2
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(PD SOINMOS) = % ef2 7k 4 -/ 1 T, /& (body-source voltage) ¥t P ¥ B ' [
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B 38 LRIET/RFAPRES 100ns 5> 40nm 304 2R 4 N3 4§ &

(PD SOINMOS) =~ # 14 §8 -/ & T /& (body-source voltage) ¥t P ¥ B ' [B]
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1472 4 F WiET &R (gate voltage)dF 4 + = » ~ BB 4 > B < Bl
T o 4o b EEE P53 (impact ionization) st BB 0 B 43+ £ FI#F P4 (impact
ionization) # # A% F AL i I & %A (thin film)s7? |2 % (neutral region) % ## > A48
T /& (body voltage)iﬁg Bde b= i 18 F 2 '+ T du 1 (parasitic bipolar transistor)
Basdd omd B 374K 387 v bt AEF P ¥ UE R oW G
AT eni S - R A PFERF S 100ns H3k 88 T B (body voltage) € + = 1k b A
R % 10ns % 840 F]5 b A pEE O o T o 0k (thin film)F K59 cpE
F & 0 8 P53 (impact ionization) ¥ o B IR P M E o oA b I PER ROPE-ER
T o &k (thin film)k 2 2 F i > #pu b 2 ﬁvé&%‘cfjfa;ﬁ LA B > @ SPICE
HERE S BRE T - W o

B 39 5 Wit /B APFRF L 10ns FF o 40nm R84 f23g 8 % # N3 4%
= (PD SOINMOS) ~ i z_ % 4 F4'+ = & H (parasitic bipolar transistor) 2k - 5l
% i (base-emitter charge)fr 2k #&- & 4= 7. i (base-collector charge) ¥+ p¥ [ B 7% B8] > i%
¥5 SPICE fi*+ & H#/& F 2 ~ B 4|11 2 = M~ & i3 608 MEDICI #74g ) -
B 3.10 z BT B2 pFERF L 100ns pF > 40nm 384 [ 4 # N4l 4§ &
(PD SOINMOS)~ £ z2_ & 4 %i\ﬂ* @ &p #8 (parasitic bipolar transistor) e77 25 - $4 & &
j7@ (base-emitter charge)fr L #&- £ #& 7 i7 (base-collector charge) ¥ p¥ & B (2 @] > % ¥%
SPICE %?4 Tt/ EF X AERAI M E - aa o el MEDICI #r3g 41 o d
A RBT LR R F - B € SEF A R T R (gate voltage)sh b A @ FErA
- TARRZ I’éif‘ﬂr LIRS F W BT R (gate voltage) F = > & @ € F T "F el
o iE B P 5 EF T BT i 7 P54 (impact ionization) & 4 N R LT L T E R

(thin film) » & % =

|
s
s
4y

T & $ (parasitic bipolar transistor) #id - i=pF - A F 4 B
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i

B 39 Mie® /& 2 prfE 5 10ns f > 40nm 254 fR4L%8 %48 # N4l 4§ £ (PD
SOINMOS)~ i# z_ % 4 F§* =+ T & # (parasitic bipolar transistor) A RS T I

(base-emitter charge) - 7k #&- % #& T j7 (base-collector charge) ¥+ F¥ & B 7% ]
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Q,./Q,_(Coul)

L=100ns
Iy MEDICI —  V=0V~/2V
1]
1 SPICE --- M_=2N
10'17 r/:/ A | " | L | A | |
0 20 40 60 80 100

Time (ns)

B 3.10 Riteq® B 2R L 100ns FF 40nm 3t 4 f23E8 %4 # N3l £ £ (PD
SOINMOS)~ it 2_ % 4 %;‘ %+ % &% % (parasitic bipolar transistor) 5 & -5+ 4& T f7

el

(base-emitter charge) - 7k #&- % #& T j7 (base-collector charge) ¥+ F¥ & B 7% [
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v

i<+ ® J ¥ (parasitic bipolar transistor) b 8% % @ et F W5 L gl T F 0 T
AR RIS S R 1* L ¥ L 1&- 8 & 7 /7 (base-collector charge)i? A 1&- & &7 /7
(base-collector charge) ¢ & i& 3 4v o & £ % ¥ W #& T /B (gate voltage) = » M-1 ¢ B
AR kAR o @ 1B EGE T H % B % P54(impact ionization) & 4 (R R ALT R T E
oA (thin film)eh T 7R e g AR K AR D > A1 T e i} €7 %] k% > 4 SPICE
Z R E SRy PRE o d Bl 39 E R 3107 bR P AT L
£ ¥ gt fART R (gate voltage) = ok chpFiE o B e b A g g

Wl s e TR B % T 4pee & > @ d SPICE 2 fedig b VU o

34

ik
-%g\;

AR AP B S T RM/EF X A ER0E S 2 KA 4T 40nm 84 fF
WH M N3 45 L(PD SOI NMOS) ~ i &85 fi preral 4 > % 15T /& (gate
voltage) = 2V & & 7. /& (drain voltage)&£ 0V + = 3 2V, F 2 B[ < cnRi &7 &R (gate
voltage)#-€ 7 v\ g cE 2 %§“4 # &b 88 (parasitic bipolar transistor)»c i » J* 3T
2. % i & (current gain) § & P& % & #(thin film) * & i if xR R L0 A 2 d

FRGMET L AR AR R R B A & I R -
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Chapter 4

WA KRB

Conclusion and Future Work

EARHT RN - B ERS T RMEF L AR R A R
2 18 (floating body)»x & T #7i% = 11 SPICE #-3] » T % 34 M 03] & B B E i %

A5 AL -

$oF 0 A4 A RES SN A5 LT & PD SOIMOS)HT ik
% 4| (current conduction mechanism) > #X {4 & 477 % HA| 2 A N

A LA Ar o ATH T A B REI AP o K2 K e 5T R 37 2 4 i

[
)
3
F
P
2
e
Y
b
2
P
=
*:n
3
ot
-
2o
|4
N
M
P
=
F
ha
F_&
frh
B
K

T i o

FIR AR AR T I % 0 ¥ 2 R &7 R (gate voltage) 3 2V o
1% % R (drain voltage) > %] &7 F PFRF T OV 4 3 2V d F 2 {5 T LW
(parasitic bipolar transistor)e % 78 4 45 & ¥ IUF R 0 F et DT 4 H F 4
%i‘ + &% & %8 (parasitic bipolar transistor) ¢ 7 # 3 » W & % /& (gate voltage) + = p¥ ¥
S - v A e E 2 %?—r & oo 18 (parasitic bipolar transistor)»< i > @ o
SPICE i % 4 Bz ey B3] G i ™ chilf fi o

AP RENA S [T I R R E RO )
* SPICE:E (7 R Btrdt R &4l anipgh > ¥ X gt B 9p g fmenpr F

Ao R KRBT LR B3 & HSPICE 2 ADS % #ocd8 b -
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