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ABSTRACT

This thesis describes the model of the parasitic bipolar device in the 40nm PD SOI
NMOS, and observes the charges in the thin film via transient analysis. The SOl CMOS
device is described in chapter 1. Chapter 2 illustrates current mechanism considering the
floating-body effect. For transient analysis , the Gummel-Poon model for the parasitic
bipolar device in the PD SOI MOS device is very important. The Cpr/Cpc capacitance
models are important in the Gummel-Poon model for transient analysis. Cpr/Cgc
capacitance behavior during DC is then described. Then in chapter 3, the Cpr/Cgc
capacitance behavior during turn-on transient.of PD SOI NMOS device is described.

Chapter 4 is the conclusion.
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Chapter 1 Introduction
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12 mofrige s #PD SOD4£&3 =i VS, = /2

BEHW P (FDSOD4 § L
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[71[81[91 A £ - ¢t s A _~ & iR f5s F # % (strong inversion) ¥ » & + X Pl + &
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(Floating-body effect)’ 4 A4 T BAX kAxF R B F 2 5 T LM A-SHHRe Fd -
¢ mAET IR - REF L 0 2 5T R H Aok Kink effect [11][12][13] 0 #*
SN RRE G P AT Lo A

Hrrfzipa s # £3 X(FD SOI MOS)~ @ % » X3 7} % (neutral
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Kink effect » # if2L3 2} BF »c s (hysteresis behavior) ~ 1* #dF h=t 2t % 7 0%
(subthreshold current) 4% 4> Tr i -] eh=t §2 0t 4L &> ~ 2 # & (transconductance) * % »
ffd v 2RSS 4§ 2 (FD SOI MOS)~ i 75 Wk « & » ~ 4 g
B % /& (threshold voltage) ¥t @ #2 %] % #& 5 ¢ » #7™ @ A2 70— 3R 4 (uniformity) - ¥

T8 A1 FHE G TR
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1.3 Fofzigpeylip i LAtz FindEisd

BT ORI 2GS P 25 L (PD SOI MOS) ~ i 2_ 5% it iy
(Floating-body effect)#7i§ = e T » ££34 o § ~ 2 3 ¥ & 4F {o % F (saturation
region) ¥ > f ¥ it K /7 (Si02/Si) % w ek & K p

0O EE AT S il

T 6T
Froone piEITABEORTFRE > T ¥ 3 (post pinch-off) » F]7% &% *

Nl

s = T Hr(lateral electric field) » @ FenT F ¥ ¢ X T A AR+ TH T @ 4
i# P xR F &t (lattice) 0 @ PFELA 4 37T F T F #(electron-hole pair) > @ &
BATAZ DN Rkhpd I XTI P2 S LERFRFLRALLITFARE
PR TR S A2 5 4T MF4t(impact jonization) - 374 4 Mk hT F AT TG
piEFE o A R ERPILETHE » T LFERG T EBE T A FHF P A
ool MR fRIRG %A  F £ 3 £ (PD.SOI MOS) = i2 Fl 5 % % > fR4agr &
K A& 2 0 56 4o (Floating-body effect) »¥TA 2 i '+ @2 d A AEH
TFARR AR R TR T R hE S B DM i aF LR
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FUORGGM P £ F L (SOl MOS)~ i g2 @ i 4 § L = 2 (bulk MOS)z0
FHOGHM I P EF LI AL AERARR WA TR - FRIg S 4 5
F 2 2 %] ~ = = »c)k(second-order effect) | ~ X5 latch-up 3R % ~ 7 J jf 428 ~

B P~ VLSI 2K 3 H A 7 % 3% 5 (e Bhe £ 7 2435304 2425 5 4+ # (PD SOI)

EF X ARE 2 MREGEM I FFEDSONL § L A 2 chifsb Bho b fs L I0A
fRAEE A #(PDSON 4§ L A enT 484 6T - F 8§ Hpmy

K2 F 4 B3 T S Ml (parasitic bipolar device)it (7 4 15 » AR T4 T
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Chapter2 4o fz3pe%f P N3 43 L2 ¥
4 B+ T & A s GelCac
Modeling the parasitic bipolar device in

the PD SOI NMOS device: Cgr/Cgc

AAFE Y BEINL ARG S N A £ 3 L (PD SOl NMOS) ~ i 58

# % > s (Floating-body effect) B, 8% 2 R+ T HMWMT 7 75 A 475 L AL 4 B30
QLR SRR § L(PD SOI NMOS) ~ 22 &fr % 2 &3 in i3] » LR
~ it 560 Ak & > i (Floating-body effect) 2 &R # 4 B4Y+ § 5 48 (parasitic bipolar
device) ¥3d i 42 o £ A E I * Gummel-Poon model & * R4 f2 4G %48+ N 7|
£ % L (PD SOI NMOS)~ %2 E»c TR 4> UBRERNRFL TR HAE2 B
o BT MEHF EWPN 0T 7 iFA$5 0 JI# Partitioned charge method F ! % #
%?‘ + 7 & 18 (parasitic bipolar device)Z.  base-emitter junction £ base-collector
junction & jr 4 & o A fod WF A S FHRED - BaF LTS ML

7 153 :Cpp/Cpge ©
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21 ek AT AEcd

¥ I T A4 {o % 7 (saturation region) FF > e F 1t & /#7 (SI0o/Si) % & ek A

PG I RIERESA XL FE LI ARTREFOFTHRE S T

NN

£ 7
1 % 3 (post pinch-off) > F]7 &+ i v T Hr(lateral electric field) » & chT + ¥ ¢

B 714 % fe(lattice) » A4 T3 TR H o

\\"’

A RPTFFEDTREE FITHIT
A AF BRI EeABESE A XOT FEe RS o TP
BRAAPRTFRINTTLFT NSRS wApF o TS REFRET N
(impact ionization current) o — %4 e # 254L T /7 (impact ionization current) § ¥
Z-3 T H(vertical electric field){F * - 'm B &+ /e B2 ¥ i & (buried oxide) » i3
= B § it K (buried oxide)t # e i(thinfilm)p € 5 Tk A M7 YR f 7 1§
3 A § 1 g (buried oxide) ¥ = # & FEFSF & f # (parasitic bipolar transistor) %32 -
¥ F 4+ T & W (parasitic bipolar transiston)# 5 2 ig L A FORT FF § E R
+#F A (body) ) TR E o BAnEE B4R B vl 0 BliE 48 %Rk i (steady state)
P 5 d g8 B P54 (impact ionization)#T A 4 (AR FF € £ iR~ IR T FEARF
- %i\ 7 &b %8 (parasitic bipolar transistor)pr > — 84 d F F FH T 8l R
T sx(collector current) » ¢ F|Z-E T H-(vertical electric field)s B T Ffein# o }* T
+FH4 ¢ R S R(attice) > Flpt ot g A E R > A 5 T F T HD

A4 o
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d Bl 2.1 7 g iiAfRipd %ttt # Nil43 L~ 2 (PDSOINMOS)# T &
4F {v % [ (saturation region)p » H jx 4& 7 /it (drain current ; Ip) 4 %] £.d % & i 3¢ T 7
(surface channel current ; Iop,) [14] ~ 3. # 2532 T /= (impact ionization current ; Ip) ~ ™2 %

F 4 B3 7 &t (parasitic bipolar transistor)z_ & & 7. /i (collector current ; Ic)#7 %

I,=1,+1,+I, 2.1

F

7~ N gk e R o (source current ;5 Ig) 4 WA d 5 & & i ig § % (surface channel
current; Iop) ~ — F8 4 g P53E 7 Jix (impact ionization current ; Iy) ~ 2 2 F 4 %?‘ +

7 &0 18 (parasitic bipolar transistor) 4 4% & 7t (emitter current ; Ig) #74c 42 X 0% % .

Io=ll,, +(1-K)L )+, (2.2)

BOK B g RA G 5 HRRERRTRE  F L RS T A

(parasitic bipolar transistor) 772k #&(base) °

fF 25F4T S (impact ionization current)®_% o i 3 7 /i (surface channel current ;
Ip)~ 11 % - i BB T HF BT im(collector current ; K' Io)z & fo e i >

ATILE AT A

(2.3)

I,=M -1, +K1I,)

ch
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He M4y~ i )k H Fldk(multiplication factor)[7] :

B
- ) (2.4)

D VDSAT

M-1=alV, =V, )exp(—

HY o a2 B 5 WAy 40 B B S d(fitting parameter) > ¥HE & T 7 AR > Vpsar
£ )ig 4 4 {o ¥ (saturation region) ik & 7 /R (drain voltage) » % ™ & jiehif a3 4
£ o B~ 2 ) ki T on(source current) s Zf A & 7 s (drain current)4p & o 471U

1958 B 05 2 ¥ 40> A 4& 7 v (drain current) £ o 5N 5

1,=Gl,, + By, (2.5)

G 5 1Y ~h@-A1K)e,) (2.6)

1-(1+ KK (M -1)e,

. 1+K (M -1)
T 1-(1+ KK (M -1)a,

2.7)
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B 2-1:

Ve Impact lonization
(high E-field)

Vp
— 4 n T e
4 ; (1)l
PR Z N
| —— i\,
" (1) e ==
A=
5 - v/ D b
S n- --{+-- I --f--3¢ N=-
| t 14
W ¥
- spbL 40nm "~ sDL o

AOnm 3% 4 f24E % G40+ # N3l £ 4 X (40nm PD SOI NMOS) ~ i p 282 T

@ E 4 (current conduct-i_‘on mechanism) =& & 7+ = B °
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B 2-2 % 7 »cid i & & (effective channel length) 40 % F 84 f23r% %4+ &
N4l £ 3% £ (@40 nm PD SOINMOS)~ i 2. 57 #% ;V § + k& (TEM)B]; B 2-3 5 = &
Wt B Medici[15]#74& = 2. ~ i+ % ’}ﬁﬂ *’}ﬁ&r" ;i i & & (channel length) 5 40
% o (nm); &k (thin-film)eh & & 5 70 2 4 (nm) > #2p AT - BRER 5 2.5
x10'™ cm™; /% 4& ¥ (Soure/Drain)#% 32 n 4]k & % 10% cm™; 8 46 (sidewall spacer)
T34 65 nm & n A #433 F% # (lightly doped drain;LDD) » #320k & 5 1x10"
cm”; e § i & (buried oxide)% & & 145 % # (nm); W #& % it & (gate oxide) = 2 %

F(m)er= F i (SiOy) AL o 8 * = fafid B Medici & B~ ) #4251 (buried

oxide) & p 3% 7 J7 A 1 &1 4P Bcdy -
B 2-4 5407 Kt f2ipe 54 F 2 N3l £ 3 £ (40 nm PD SOI NMOS) ~ #

2_ %1% % in(Drain current ;Ip) ¥4 % & /& (Drain voltage ; Vp) i %) » 2 ¥ B &7 &
(Gate Voltage ;Vg) A 8k T4 0.5V~ 1OV~ 1.5V 22 2.0V % B3 & (Gate
Voltage; V) #Ak [ B¥ > # {5 &1k % 4 (post pinch-off)A% < » 7 T 43 3 4 ki f e

BARL > R ETFORMRE R RBMM G (Kinkeffect) € 353 4 o
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| Measured ----
2D Simulation ——
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= 06
=
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§ 04
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Drain Voltage (V)
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2.3  Gummel-Poon model
B T S i~ 2 (BIT)E % 2 #°3) & Ebers-Moll model» 2 H03] # * ++ & /i >

LR S ’“ﬁ’*’ﬁ a A Pk TR > X L E TR ﬁ’*’ﬁ %?‘:" Lk

"

(BJT)p $82 4% & (recombinaion)If % » ¥ ¢ f2§# T /i3 £ (current gain)2 % 2 o v
Ebers-Moll model & ;2 * >t/ 384 7 » #7114 ij':*%? £ Gummel-Poon model[16][17]
K JTes A 45 i) LI % o
Gummel-Poon model * # charge control model> & 4 » % F#-3] 1 & in e

bk 4T L e AiE i i 2 B ehp: B K JR - Gummel-Poon model ¢ Ebers-Moll
model % 7w BERMEFT F oM Z T EFALTITQ “Qr “Qve “Qve * Qr
&_forward mobile charge’ Qg #_reverse mobile charge: Qve¥ Qvc 4 %] #_base-emitter
junction~ base-collector junction P FF 72 Z % 17 B & jo (space charge)’ 4§ 2-5 o

O A R 2 F R Que 2 Qe 7 B 26 % f§ it {52 Gummel-Poon
model - Qr #_d base-emitter junction *7 A& 24 # zhi&k(base)® 2. %37 F+ & » Qpenk 37

5 v L B4 7 o (Collector current) &7 3k 1% 1% ﬁs?] & ¥ ( (forward transit time) 2 3k

#
Q- =7l
(2.8)
32 > Qr #_d base-collector junction #7 & # # fiik(base)® 2. 2T F & > ¥ &7 &
54 ¢ o (Emitter current) £? reverse transit time 2 3k f#:
=7l
q:( RE (29)
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B 2-5: Gummel-Poon model

B 2-6:f§ i* 2. Gummel-Poon model
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Electron current

7

l Base le Hole current
L 4
Q. e
Tn ( : P
‘ @
K] >t
Vbe Wee

B 2-7: 2451 * 2 Gummel-Poon model > £ 4t i Ai0E SRR AR > TE e

RN fRAEG G @ & § L (PD SOIMOS)~ & 1 (75 - % f i fd -
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2.4 Partitioned Charge method: Qgg /Qgc

A5

P& & 5 f1* Partitioned Charge = ;2 &1} . #42 § i (buried oxide) & + = 2

i

7 12 &k (thin-film) p

il4

R2_F j7 /4 e o 4e % 4% T /B (Drain voltage) # %7+ = p&F»

(‘m

REFH A% RETFTFH-TRFFRAL TR EHREITH
PR AR ER AR 0 @ R T E B (contact) @ FTF A UTR A 0 BT R

™

Al

I

FHr2LHF 2 %f‘:* g HA o AR - B Medici X B
W (thin-film) & N 2 5,2 7 & 0 12~ 2 8 s (thin-film) & & T jr ~ 3 5 B BT i o

LRI~ N RatEh 2 Ak TF 25 Qee T F 2 B T 5 #(parasitic bipolar

transistor)2_ base-collector junction T, 3 & - J2 > Qpg » L iTHiE2Z FAE T

g TrFL %?—* & oo %Y (parasitic bipolar transistor)Z_-base-emitter junction & j7 °

#7120 Qpc + Qe = & AR P BT +F 0 T L Partitioned Charge = 2
[18][19] = @ #v i & Zvg fgp2 34+ -

F o T s R 0 E(weigh) #f 402 2 Bk kb 2 E R K T
QD+ v+ £ (weight) & 2 VEH AR T F £(QpA B[P~ 217 F(Qpo) B AET
77 (Qgg) © ™ Qpg & » A& F T Rik(source)rt £ 4% < » ik E(source)Axig B £ /]

Z_ » Qpe & AFF 1T Rik(source)rt & A%+ -] > FLiR & (source)AxiE Bl & &

Qo =— IOL(I —%)QI( y,£)dy (2.10)

e =], QU Gy @.11)
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Bl 2-8 ~ Bl 2-9 % I * Partitioned Charge = ;# £ 11 2. & & T j7 Qpe %2 Qpc’ 4
W4 G Va=04V~0.6V~08V~ 1V T w fi4 ki3 o d B 2-8 7 4 127 £ Qpe

S Yh 4e xR T B (Drain voltage)# %7+ 2 » § % 4& 7 /& (Drain voltage)3|i 0.6 V

41

+ > 43 5 Kink Effect 2 4 » 32 %

g

T+ AED o@ B Ve=lV i)™ o F s
A BT R A ER Qe * B3 4c 0 £ F] 5 R OR & 7 R (Gate voltage) » # i
{$ &2k % £ (post pinch-off region)%¢ | » FFPFH T/ F3 > B2 mfF D LA
13 Fa & o FBRE 2-9° T /7 Qpe A xR B A a T > L FL - F
AR RO > REFYPOERSE 0 n T Qpe §RAERT B )% 24
R AR ] AR T el o T R e Qpe AR KAR | o e AR T RIS

0.6 V =+ -3 5 Kink Effect %2 » RF oA 2 <~ 20+ » 47 Qne
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_
o
S

Q,.(f Coul/um)

-
o
&

1 L 1 s | 1 1 L 1

0.0 0.2 0.4 0.6 0.8 1.0
Drain Voltage(V)

Bl 2-8: PD SOI NMOS ~ # 2z At g BR¥EHF4 FTF T &

Qse > {1 * Partitioned Charge = ;2 -1
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—_
o

Q,.(f Coul/um)

-
S,
én

1.2 1.4

0.4 0.6 0.8 1.0
Drain Voltage(V)

10° L
0.0 0.2

P2 %8 % 47 Qec (THB] © T i Qe

B 2-9:PD SOI NMOS = 2 ik 5 T B F 2 £+ Tk

% {1 * Partitioned Charge = & $-17 o

=
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25 FAEPF THWEF A :Car/Crc

$U MRS A F 1 (buried oxide) b 2 2 & E K (thin-film) R $
FAEP S 2L FHA SR E20]121] o F ¢ 4o~ 1R TR (Drain voltage) # #7 =
B RERC SR 0 BRI RS- T A 0 TR G RE AR
(thin-film) & & > @ & B 3 & Eff (contact) » & BT iF # ¥7 % ff » 2T BRIFH
Ao FAFPFIALREET c AFHEP LT FRHEIINNBBROEE T
BRERPDBLFER 27540k T 350k 2 F & %€ 12 Gummel-Poon 3]
A EDNF A S & 2T 44l o 14 base-emitter junction 2. F 4 § % Cae

S0l REE TR Vop R AP Queil® o A B % R AR (THART

\\

B3 Cppenie > d > Vg $ Qpe 4 A F &I M %o 50 B A0 3 352
G “f 90 W Ve g 828 Qpe ~ Ve &% it > base-collector junction 2. % 24 7

% Cpc P agde > 3847

__0Qpg __ 0Qpg 0dVp

CBE - dVBE - dVp O0Vpg (212)
__0Qpc __ 9Qpc 9Vp
CBC o 0Vgc - dVp 0Vpc (213)
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d W 2-10~ W 2-11 7 40§ & 22 a8 R (Drain voltage)# &5+ = p¥ »
F4 BT S -5HET R Vpg (7 SOINMOS = i 2 Body 2 Source) #-7
#1 AMe FERT T HMEE o FAETRIE 0.6 Vit o Kink Effect % 2

@4

g

T+ AEL > AT R Vep Rdpted + = > 2 F B 4p |21 4 > % 17
AR T B Ve ff HcH 4 ﬁ,lﬁf‘i*uﬁ‘iﬂiii“a'ﬁ v F B Cpg AAKRARS o fART

/& Vg #v =~ pFi¢ (7 Kink Effect &£ (38 2 > L % ERM iy gutisgdFsd o

e

ZBBEFTFE Cpc"TF 2 EFF T HWA-FELTR Ve (T SOI NMOS
~ it 2 Body & Drain)shs i - d Bl 2-12~ B 2-13 5 41 > At&-F1ET B Ve &
MARRAR G el A F G F 4 P T S A 18 (Base) T B3 4o 1 v A 4k (Drain)
RN E ARG A AR TG FAETERIE 0.6V =+ > Kink Effect %
4o ERF AL 0 LFS FPERL WA EBase) TR R AN e AR
(Drain) & BH » TA-FHETR Vec ARAKE - ST L R kg5 TR
ARAR R o TEArAR R AR S A ok i R T8 o] 2-13 4 T R AR
KAZE o FHRT BASScAR S 0 ¢ BT F B T RO S 4 02 £ Kink

Effect {55 4 5 B o
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0.8

V1.0V —
07 k-
0.8V —— e
0.6V — .
= 06 |
= 04V ——
‘E)’ L /d
m p
8 05 /
° /s
>
8 04l 4
= f
o
»
i o03f
©
o /
m J
02 | /
01} Y i '
00 n 1 n 1 i 1 1 1 " 1 1 1 n 1
0.0 02 04 06 08 10 1.2 14

Drain Voltage(v)

# 2-10: PD SOI NHOS & # 2 A B RBHA 2 BLF T AWML A BT R Vu I

E%;}:f
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C,.(fF/um)

10° . 1 . ] . 1 . 1 A 1 . 1
0.0 0.2 0.4 0.6 0.8 1.0 12

Drain Voltage(V)

@ 2-11: PD SOI NMOS ~ iz i te R4h& 2 Fr - T T % Coe (T » T %

Cee = f1* s >k R e
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0.0

02} N
s | N
FJ/ \'\\ —_—
& 04 -
S N
# | - \\\\
< N
a 06 | \\
3
@ [V 10v——

o8l 0.8V ——

06V —
A 0.4V
-1.0 ! | 1 1 L 1 " | 1 1 s | 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14

Drain Voltage(V)

B 2-12: PD SOI NMOS = & 2 st S BH# 4 15 T Al A FETE Va

58] o
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00k
2.0x10° |
_ -40x10° |
S
=
= 5
5 6.0x10°7 -
O
-8.0x10° |
Vv, 1.0V —
0.8V —
-1.0x107 | 0.6V ——
0.4V ——
_1.2)(10’2 L 1 L 1 s | 1 | 1 | 1 | L 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Drain Voltage(V)

B 2-13: PD SOI NMOS ~ 2 atafi BEs+F 2 '+ % R T % Cec (TR T 7

Cc & fU* #gk = & R E o
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Ll 2
2.6 %

-%;\7

S $H 40 5 F A RS SR P N £ § X < 2(PD SOINMOS)2 %
2+ T f Al (parasitic bipolar device)® #F H-A] o F A AR A fRHE G AY

a—

+# NAl£3% Z(PDSOIMOS) =~ it 2 & frF A& T i td4] » Fla T /7 2 %7 %

=k
e

STRIAREAFAEL I T LHWEL 2 22N ERGGHM I NI &S
L = 2 (PD SOINMOS) 2. Gummel-Poon model > d pt i3] fzf ~ 2 pnE 4 7
¥y o d 3tee s it 2 &4k T B (Drain Voltage) » ¢ % /% %(thin film) & & T

R L2 N d

,) <
=%
7

Fr R AT A R EEETRAKLES TV Bk
f* = i Rt Medicl 0 X B JVE B (thin film) & & T 7 cndicg > £ U
Partitioned Charge = ;% 4 % & Qgg ~ Qpc-. * B % Qg > Qpc 4L/~ & 7 /& (Drain
Voltage)z- % i » I fs #-T fm2 » T EBE T RH A BT BT R (T8 E A L o

N F 2 S T & Al (parasitic bipolardevice) ¥ F #eAl > %8 1 Cpe ~ Cpe ©
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Chapter3 4o fzpe%f P N3 43 Lot ¥

I

S EP TR A MY E A
Transient analysis of the parasitic bipolar

device in the PD SOI NMOS device

TR NS FRRLE M N3l 4§ £~ 2 (PD SOI NMOS)2 % 2

%k (thin-film)2_ % 2 5 T HREp N7
A SEYH 4o B TR (Drain voltage)eec § il n HEH IF 4 S T AP T

FHEAl R SRS R S #NFl £ 5 £ = 2 (PD SOI NMOS)2. #

x(turn on) ~ B B¥ (turn of f)i-/% 1% 4 f& 445 4% 34 ~ & F] *F 4 {ff 4 T /& (Gate voltage)

e SHLEPRIOORE RIS T R R R AR T

FAFAEL T T Hi B AR TEAGE A § - o ¥ by B
# % W & T R (Gate voltage) st = BF [ (rise time) & T "% pF ¥ (fall time) 7% I P¥>

HEWR K T s g o
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31 WAPRBESHMWI P NYLFTLAREELH

PR E e 2 2N R3S %A & N A 4§ 2 (PD SOl NMOS) = i 2 B g
(turn on) ~ B ¥ (turn of f) %7 ik #-3] o 7 L3R4 f24E 8 G4 77 N3] £ 5§ 2 (PD SOI
NMOS) 7 i R &2 (Gate)ﬂi;'l - RERERZ TR S # Ve(t) 0 A 1R (Drain) ) H T
TRE2RFHXRINMNT AT PFF (rise-time) % BT /R Vet) & 10
o6 Fp(s)p JELO RAIFHREH 4 T 2 RAFF AT R Ve(t) 7100 7 58 Fy(ns)p JE

0 KEFAII 4T 2 R FRRBNAEFL L AERA R TS PP o

b S

dOE - BB A8 (21 Q2N @B) s N KR R A Ep A
TR Bie o R T Id ~ )& 4 51+ M-1(multiplication factor) » &
ENF L EP S T AL TR E(Current gain) 5 4 A i 2 B Fx(turn-on) ¥
&0 @ BB (turn-of )R fs 4 47 £ Ap e i T sb R 0 FR([22] o F E TS )

= BHCELH Medich A2 = W g RS RS g R SR
TR E AP g £ 0 B AE B2 R s S et K A 22 R S M-
BPRRFLETFRTHEZ RN E -

3.1 2K TAETBAT L2 REF AT B KR A D 2RF(Vp=2V
Ve=0V—>2V)> - = o 4 %] 5 10ns 22 100ns 27 4R 50 22 46 ~ B4 R B 3
TH O PRAEERL RS B EAFLIEEEREE A BT ER F A
PR A > AR RERF ARt 2 ant LT ofieT BREE 28R
BenigRAp i o

FETORAIY 2D~ 22~ 23) = E R R E 2 fH TS
M-1(multiplication factor)£2 % # 2 AR w88 2. T /i £ (Current gain) o 333 &t

PR S 10ns ¥ 100ns ™ > 4 S 433 515 M-1(multiplication factor)¥r % 2 FE
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+ T f 2 TR & (Current gain)ig = 7 e efrfle o B 3-2 7 7 4k H 75

\

EWIETR L OERERS O EHIERT R oA B0 L RRT R AR

% 1 % B (post pinch-off)fie + » ¥ A& 4 i *x R FEFRTR o 7 F 4 2 AR i

=t

2R E AT RARRAR S > B F) 5 W AR R R KB 4o 5 3 i (channel) B B
R REFPALOPIHED AF IS CFBEIR R0 R ERFF L

TRz IR ES . FLRER

s
4
&3
oo
=
(w
=3
B

A el 0 £ TR AR TR b
A R AT RS E R FAFT LRI AN EFR RS o ¥
o b A pERAPE(I00ns ) > A R AR OPERF RS L FE AL 2 5 BT

R A o (¢ F ?—* RAF @ BRPE e RS A AR L i ¥ M-1
BT HE TR AR (10ns)em= [23] -

F oz 417 dp e e 2 R Ar e e T B R (fall-time) % 5 3 7] 5
M-1(multiplication factor)£? & & %?‘—1 T ode ¥8 2 T F (Current gain)ig = % e i
B o d Bl 337 F RIS Me1 TR A AR IR R S A B4 0 £ R
TR RS A (S &k R 4 (post pinch-off) i) o REFAFYOTBRE fr o F 2 P
F R TR AR A BT R A kA > AT - B R
TREAA(2RE) REFFYPA S PP FRATEECRE)E > AT FE]
BoREAFALAEF T LHM- BT 0 FEFTHCMEIRE S B

AT 4 R R EE 2B T R [24] -
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3.5 3.5

I LV
simulated S V (t)=0 72V V_ =2V
30 measured o A ¢ ° 130
A25— '.'.....l....l.l.l..l...l:'..'2.5
< .0.. e ® ® o
£ T - S
‘05'52.0_ ,___D-_'__‘_A—‘-‘-l-‘-‘@:AAAAAAAAA:_QIAAAAALA/L"_%:_: 20 %
= s
(@] >
c 415 o
‘© ©
s A
—41.0
-4 05
: L ! : . ! 1 L 0.0
0 20 40 60 80 100 120
Time (ns)
B 3-1: LW%?@”OVFJHZV AT BB LAV PAER AW G

10ns £ 100ns i;’k%x‘_i;a,mb"’%] rHIETRE P AR AWML LS R A A

P REERESE
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Time for t (ns)=100ns

0 20 40 60 80 100
1 . I L 1 B I L I
0.07 _ _
[ V,(t)=0V £ 2V V =2V ] -
0.06 |- ’[Ir M-1  Currnet Gain
100
0.05
80 £
5 004 O
E —
60 &
0.03 =
cl
40
0.02
0.01 20
0.00 : - : L : - 0

0 2 4 6 8 10
Time for t (ns)=10ns

B 3-2: at 2pRF 5 10ns & 100ns % 0 BF B4 W] # k3 F]+ M-1(multiplication

factor)&? % 2 %i\‘ + 7 e /7-&&‘3 # (Current gain) ¥ ] o
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Time for t(ns)=100ns

0 20 40 60 80 100
0.10 : : ; : . ' . : . :
0.09 | V (H)=2V™ 0V V =2V - 120
0.08 -\ tf M-1  Currnet Gain
\ _4 100
[ 10ns --- o =
BT 10008 — @ —— ;
0.06
< 005

0.04

Current Gain

0.03

0.02

0.01

0.00

Time for t(ns)=10ns

B 3-3: &7 "R 5 10ns & 100nsF o B & B # 3k 3 ]+ M-1(multiplication

factor)&r % 4 FEv =+ T fu 1 2% /i 3 £ (Current gain) i7 §] -
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32 FAEFS T HME turn-on & A 47

R U ﬂi;'l *~ % F W 1&(Gate) ~ i~ 1&(Drain) 7 & % /| » BLERINA (233 % 58
F+t NA 435 £ PDSOINMOS)~ it 2 p3RFEF 4 %i‘—? T fe 18 5 & B £x(turn-on)
P T A R (thin-film) P 3822 €77 Qe ~ Qe A e R o B3R = /A7
FeniE it LART RE LS | RE BT BAO R FRPH 4P 1 kE (Vp=IV-
Ve=0V—=1V) o 2.5 &TRBRHAET:E 1.5 R¥F ~ T B0 REFAMMEHM 43| 1.5 K
F(Vp=1.5V > Vg=0V—=>15V) - 3. xET RET: 2 K#EF T BREO0 KiFME
B4 2 RE(Vp=2V ~ Va=0V—>2V) o Jrd g AP N F 2 FF T Hhtl ey &
B fx(turn-on) 3 R A R A Ren B e F A o BB H A Medici ﬁi%l » i &
FATRAA L EFEBNAEE S (thinfilm)g P 2878 > fI* % - FHRD2Z
Partitioned Charge = % > #-= i & i (thin-film) & & T mA 5 2T 7> £ 34
NRRE L EEAE T A RS Qe B1Qne b RiTARL FWAKTTE R
2 Qpe ~Qpc THFFER&ET R B o
FALERZF A ET ST AMAA LT BT F Qe > Qe KT
APART RECL | R BART RO RFARH 4 5] 1 RF(Vp=1V » V=0V—
V)ed B34 -RB357Fd § ~F2LMAEIREAETR P BF5Y
POl S ERK P ARt > REF A ER ST AW AE-HET
& Vpg ) 2 5] 0255 k2 JTHEZEF I LMY AFL o TRA
BT R T LR S &b R B (post pinch-off)3 < > R AIET R X | 0 E X e
THS L REMFYPsRESE > R FT i Qe ~ Qe IRV LE - Ko
BRIRRRAABIREZETR KA BIRALL 15 RE-HEIE

FO RAFEEH e T] 1.5 RIF(Vp=1.5V ~» Vg=0V—>1.5V) » L2 F 2 F{+ % H#l
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BB PP R Qpe ~ Qe F R o d B36 R3TTE A F Ak
BT REZBTRE B RFEFYOER R 2 > FEARE R fDid R
oo R EF LRl o P A R < F(100ns) 0 A 2 g e AR hpE (S
A FHBAL 2P BIEERE > RERF AR RRE KBRS T
i Qe ~ Qe § 3 4rernt P AR (10ns)eh-r 50 F A4 FERS T AL AR
SR TR Vpg  + € 3 4 (80 2 g ] (10ns) - o
PHRALRLLFABIREFABLR  FHF LT+ R - B4
SHE ) MA R T RFES 2 REF S BET RO REFAMER T 2 R
(Vp=2V » Vg=0V—>2V)F » F] 5 ~ i 2 % {6 3% @—%%ﬁ“ﬁ%%wéﬁ—ﬂﬁiﬁ
PRAp e toplZl R ALY S F 2 RS T2 A-SHETR Vee -
B hejedg i 0.7 R 2 4ol 3-8 ~ Fl3:9.0 b pFA < (100ns) T /7 Qo > Qbe -
g B decrnt AR (10n8)e- o f W7 AT > 47 Qe ~ Qe €T B
Aam b A e R BEAEPL AT T E SRS ST T BT R kA

o R ERESAUEEHE T . T AL REIBT R3O T S AR BR A

ppau|

AR R R R R RT R P Bl e AR T R

Behle D8 RERFFYPRL S PFRAHFL SRR -
BEERRATATAPFLZT IR I - 2 ikr 2 ERNFA

i T M2 % % Cpg~ Cpe ° 4@ 3-10» ¥ % ¢ % & & Kink effect % 4

PEo € A& 2 g > &d 3t Kink effect % 2 pF ¢ & 2 ii—r 1 B T

B

W Taes € g e 0 TFETF A M e o A AR S AT o A
FRABOPFERFELE L FEAL 2P BIEEAY - TUTFE G RSB
B o
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Time for t (ns)=100ns

0 20 40 60 80 100
T T T T T T T T T

V (H)=0V,7 1V V=1V

D

0.255

0.240

0.225

Source Voltage (V)

0.210

Body

0.195

L 1 1 1 1 1 L 1 L 1
0 2 4 6 8 10

Time for t (ns)=10ns
r

B 3-4: & Vp=IV Ve=0V=>1V > FPLERHF 42 37 LM A e-5ET

/& Vg (T ] e
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0 20

Time for t (ns)=100ns

40 60 80

100

I
2.0x10" |-

-1
18x10" -t QBC QBE

r

16x10" | 10ns - -
100ns

1.4x10™
1.2x10"
1.0x10"

8.0x10° |-

Q.. / Q,(f Coul/um)

6.0x10”° |-
4.0x10°

2.0x10° |-

V (H=0V A1V V =1V

0.0 n I

B 3-5: & Vp=1V ~ Vg=0V>1V pF » Pt 2 gl 7 54l

4 6
Time for t (ns)=10ns

QBC f%?] o
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Time for t (ns)=100ns
0 20 40 60 80 100
090 |- ' I ' I ! I T I ! I
|V, ()=0V 1.5V V =15V

0.85

0.80

0.75

Source Voltage (V)

0.70

Body

0.65

0.60 ) 1 ) 1 ) 1 ) )
0 2 4 6 8 10
Time for t (ns)=10ns

Bl 3-6: & Vp=1.5V > VG=0V—>1.5V pEo 1=l e i 43 2 B33 7 S 42 A is- o

&% B Vg (T Hl °
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Time for t (ns)=100ns
; 20 a0 a0 80 100
T T T . T ; : : |

soxio’ |V ()=0V 715V V =15V

Qe Qe  —
25x10" | 10ns e
E_ 2.0x10"
=
o]
O
=, 1.5x10"
m
e}
"-o 1
o 1.0x10
5.0x10°”

0.0

Time for t (ns)=10ns

ﬁ‘] 3-7: EVD=1.5V‘VG:0V—>1.5V Bd‘?’_f - FE?E&EV‘J‘% A %i\"’;‘ ;F: BB %ﬁ?iﬁ QBE N

QBC ﬁ’:‘g] o
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Time for t (ns)=100ns

0 20 40 60 80 100
T T T T T T T

T | T
V_()=0V7 2V V =2V

1.00 -

0.95

0.90

0.85

Body-Source Voltage (V)

0.80

0.75 . 1 . L : 1 .
0 2 4 6 8 10

Time for t (ns)=10ns

B 3-8: & Vp=2V Ve=0V—=>2V FF» P m @ ftF 4 i3 7 Ll Ae-5E T

/& Vg (TR e
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Time for t (ns)=100ns

0 20 40 60 80 100

4.5x1 071 T T T T T T

f T T
VG(t)=0V/ 2V V=2V
4.0x10" |
5 tr QBC QBE
10ns - aem=o T T m - - -
100ns

3.5x10™

3.0x10"
2.5x10"
2.0x10™

1.5x10"

Q. / Q.(f Coullum)

1.0x10"

5.0x10°

0.0 |

. | . 1 ) 1 1 1 L 1
0 2 4 6 8 10

Time for t (ns)=10ns

Bl 3-9: & Vp=2V ~ Ve=0V—>2V @ - E A E A5 F 3 EF T R8T~ Qpe

Qpc (€@ -
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Capacitance (f F/lum)

i 3-10:

Time for t (ns)=100ns

0 20 40 60 80 100
g T T T ! T ' T v T
7 - -
i VG(t)=0V/145V V, =1.5V
I il
! \
6
: X tr CBC CBE
i : \\ 10ns ——— mes
5F i . 100ns — —
! \
L : .
1
4 : A
! \
i : 1
1
3+ ; o
! %
B : .
2 4 -
f— 1 ~
! \\
.. e
1+ 4 S _
‘, - - .‘\*.____
0—"‘-—"-; 1 -‘—-l—_ I ™ 1 S ol
0 2 4 6 8 10

Time for t (ns)=10ns

% Vp=1.5V:Vg=0V—>1.5V >+ St d 4 i+ T LT 7 Cae

Cpc € -
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L & R ARG G # N4 £ 5 L (PD SOl NMOS)~ i % /i
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Chapter 4 3.

it
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