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ABSTRACT

This thesis reports modeling the floating-body-effect-related
breakdown and the kink behavior of 40nm PD SOl NMOS device via
the SPICE BJT/MOS model approach - First, in Chapter 1
introduction of PD SOI NMOS device is introduced - Then in Chapter
2 the current conduction mechanism of the PD-SOI NMOS device is
described, followed by the>SPICE BJT/MOS models - In Chapter 3,
effectiveness of the BJT/MOS models approach is evaluated for
nanometer PD-SOI NMOS dgvices via SPICE simulation result. As
verified by the experimentally :measureddata and the 2D simulation
results, this compact SOI model provides an accurate prediction.

Chapter 4 is conclusion and future work -
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Chapterl

Introduction

1.1 fFHesh foicd| B 2 B i F (Race between

Technology & Comipact Model )

F1.1.15 850 F &5 2 2 ( (SOl VR psieh » ¢ 44 5
2P HE o P - B aed o agie e i i gl b op R i
W P WA - BAFER DAL F1.1.25 PR E
1t % B (Technology vs Compact Model) - d } B ¥ # R > 7 % @ 5%
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BSIM-SOI MODEL

— Psuedo-2D DIBL on Threshold /

Rout/Subthreshold
— HALO doping
— Narrow width
— Charge partitioning
— Noise model

e BSIM4

— Gate tunneling

—RF

— Asymetric S/D

— Charge Thickness Model

—p> ¢ 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

— Barrier Lowering Diode
— Etc.
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A~ E s Mi-d - K HE K& (single-crystalline silicon)
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e B 1.2. 145557 0 A E RV AR - A L omH
G &5 X~ (SO)) F5Em i Wk (buried oxide) thigfp ™
BiEagmgsgat  FP o 3 FEFH P LT L AR %I
| [ ‘
¥ 2 2 ¢ 3 P4 (latchqup)% % 2 @ % (parasitic
capacitance ) # i ] > {fifg et 0 # ¥ (transconductance) &
nigsgF i (MOS): =9 & % (subthreshold slop) # 3
“#_» = = »tfy (second-order effects) -] » i ig »x/iz (short channel
effect) 5 /) » ~ 22 A F » 7 £ B8 (threshold voltage) # 3
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1.3 A fipe a2 5e Ak (PDSOI

Floating Body Effect)

ML fREE G it (PDSOI) 5 5% At (Floating Body Effect)
ik Bho A A AR 2 R AERe e Bl 3. 17 o E# AL 48 2k (Floating Body
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B1.3.2> % 5 R#MR % (Kink Effect) -

% E T a4 fo® & (saturation region) pF > i it & /# (SiO2/Si) %
menk RPN 0 £ 5 d RIFEESTY S D E TN o dRiTA Y (Drain)
% R FH R B TS &b % B (post pinch-off region ) 7133 &< e v 7 #-(lateral
electric field) - *#71u ¢ 3 EH T+ HREF LK (lattice) > E =+ T+ T F D
A4 ot EH AR s #N 3425 £ (PDSOINMOS) ~ & » #ia
3 i & (buried oxide) t ehd 2 '+ T & 48 (parasitic bipolar transistor) ; #
s+ (emitter) A ikie (sourced)~ & (collector) #axt& (drain) > # ¥ £ 4%
LvE o FTIIIRA FRMEG SR PR £ 3 A BA(PD SOIl) ¥ %% 44 (Floating
Body Effect) > H#& ¥ 54 (|mpaqt |ongat|on) i e %1\—? & &t (parasitic
bipolar transistor) = 4p % 5 & 517 LLL it hia sk F 222 (MOS) #4342 >
? I ood o7 A Figds A48 (Floating Body Effect) #7424 4 chd 4 i+ R

¢s % (parasitic bipolar transistor) 1+ 2 {2 # 53¢ (impact ionization) » #-¢ 1 %

21

TR o F 2 B T LA (parasitic bipolar transistor) fiE = 84 R4
Bt g~ (PDSOI) #3F L& ety » #7dem -F 2 B+ T &
4 (parasitic bipolar transistor) =1{7 2 8 » R0 f23p% %8+ # ~ 2 (PD SOI)

BoAl -2 - B & gk o
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Chapter 2

BHE LSRRI G I £F

58 SPICE chBEPF 2 &M / 45 2
~ %

LR R

Modeling PD-SOI NMOS Device Via
SPICE BJT/MOS Models

2.1 § » % %% » SPICER-3N Current SOI SPICE

Model)

7 % %% & ( SOl )SPICER A & 5 = f& > - A5 N 23w
( Partially Depleted thin film ) ¥ - #& 5 > %% 4 /% 5( Fully Depleted thin film ), =

HFei & LB A AET 2L F g F 4 S T HH( parasitic bipolar transistor )

oL I LN

3]

B G- i £§ L A3 (buk MOS)EHZ > A

oo B et o AR FaE e A R4S A P £ 2 (PD SOl MOS )=~ i #

&
-52 N

A o f £ A RS HAWL # £F £ ( PD SOl MOS )= & #:4] © 45 B

It % — BSIMSOI MOSFET MODEL -



2.2 #31% & (Model Development)

2.2.1 #fc% 2@ % 44] (Current Conduction Mechanism at
Saturation )
TR- 2NN ERpeEM 2 N A45 2 (PD SOl NMOS) ~ i »
B 2.2.1 7 % RET &M AENIM2 o8B EBA] (current conduction
mechanism) & 5 7 L B o § ~ 2 HF A b b {- % & (saturation region)
TR ESAR e THEF O P AP (SiOxSi) 2w E HEEPM 0 5

fEH A é‘f"”‘glﬁmm ™ é'_'f T AP OE T HFFE g—‘}i i

.
&N
b
“3);“

BT HEE LR ST FRIEH A A R 4 A D S ED
HEFRFaF 2o -A % qmg + e A ERSH ) 2 X DTFFE
w iR E o Flpld et Amg F R kT () AR e AR
o § R FEHeET L (impact ionization current) o H3t @i g IR A
frdpe 8+ N A 4% L (PD SOl NMOS) =~ # » #m§ it &
(Buried Oxide) 1} ¢h#& 4 i+ % & 4 (parasitic bipolar transistor)
; 254 (emitter) Akt (source )~ E4 (collector) %A
At (drain) 2 ¥ R AL L0k o — A g 53 T 58 (impact ionization current)

€ FlLE ¥ > mEdEdD e By ik (buried oxide) i # o

iF
#
’rk

Y B it & (buried oxide) 1 # @& % (thin film) p ¢ )=



THROAH o gL EF FRF K (buried oxide) F F 4 R

+ % & % (parasitic bipolar transistor) - % % 2 %1‘4 * oo Y

i

g
%
=

(parasitic bipolar transistor) # % > &8 % 7 F

e
JENTN
C \
it
P
&

+#H A (Body) pP#FRE - Bdo Lt 4f £ 22 » F:

EH

(steady state) m > 5 d & ¥ 24 (impact ionization) 72 2
FHEHEgEERERDTFERRE o EF L EL ST AW
(parasitic bipolar transistor) p » - a2 d T F #F 9e & i

B4 T r (collector currént)» ¢ BT #Fa » & T F fein § o 2

3
4y
@3

g

—=\
=

TIHL ERFLP T bR R R o s
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Ve Impact lonization
T (high E-field)

/ Vo

Y Y

N > | 4 /1
" 4 4
"""""""ﬁ'iil """"""" T c
STI h '4__1{-'" I
il h .
n- //_—‘_\74 n- D B
BUT > —-T2g i b,
le \\-..________ _____/r Ic
© sbL 40nm "~ sbL Itm

W2.2.1 1 40nm 284 f24e% 548 0 A N2l/%3] £ (40nm PD SOINMOS) = i p

M2 Fn @ #4847 (current gonduction Mechanism) i & + 2, B -
B I I 7
‘ | |

222BFFT Ll / &5 2~ %Y (BJT / MOS Devices
Structure )
Bl 222 ZEpfFTHM (BJT) / £5 2~ (MOS) Hif pii

fLc1 BICMOS » ¢ ¢ % %45 A# SR AT d B 221 L 2R 02 ik

|
T

o

@ ® 4] (current conduction mechanism) & & 7 & B iF ¥ 4

PEBpry EPFFL AN (BJT) [/ £5 2~ (MOS) #&87% &t = > 4

=
i\4

Kg\ﬁ;’%/ﬁ.”?%?g’} ff? N il]ﬁé? P (PD SO' NMOS) A Eﬁ?ﬂ/;ﬁ

B E 4] (current conduction mechanism ) » #1171 & jf £ 4
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~ B T ot (Collector Current) K’ &4 & #& 3 3 7

H..

¥ % (impact ionization region) 4 it { B m ~ & h g on

% ¥ 4] (current conduction mechanism) -

d B 221 Vo AR # N4l 4§ L A2 (PD SOl NMOS)

T b4 {o® B (saturation region) pF > # x4& T & (drain current)

A wlEd 46 g 700 (surface channel current) (len) ~ . FEFHR T -

(impact ionization current) (lp)~ 2 F 2§+ 7 & H

A4

(parasitic bipolar transistor) z-& &% 7= (collector current)

(lg) #T& fp e
I+ 1l A,

dole B 2.2.1 #7171 0 ~ RN ak ik T e (source current) (ls) # £ 7 &

% m i i ¢ (surface channel current) (len) > — A & 54T 08

(impact ionization current) (In) > 2 F 2 F#£+ T & ©

( parasitic bipolar transistor) =é+4& 7 /= (emitter current) ( g )

S e kR g

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

A FiE R4 F o (impact ionization current) ( Ip )2 % % i i T /%

(surface channel current) (lcp) ~ M2 - MPHLEFB T H F AEET T

(collector current) ( Kle )z 2 F eéh 3 #ic » 712 ¥ % 7 4
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I,=(M-1)(I,+KI.)
#e o MEdp~ it poaad 13 (multiplication factor) [2.1]
b

vy )

D VDSAT

M —-1=aV, =V s )exp(—

moasr B s ARG AP M h & %8k ( fitting parameter ) #E A ¥
* R [2.2], [2.3] > Vpsar & Bli&2 4 {c % ( saturation region )&k &7 &

( drain voltage ) -

- ----- In+len
So ¥ K A—OD

Electron current
"""" Hole current

lh=(M-1)(Icn+K'lc)

M 2220 3 L &W(BJT )/ &5 222 MOS )% - 4 5 5

A YR TN A I T A
?%?}rl“m’?‘}ifﬂﬁ?ﬂ(ﬁ?”

et o Il B4 B TSRS
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2.2.3 %‘-?‘—? Tt/ £F XA~ T B3 (BJT/MOS Devices
Current Model)
B222 4- B4&F L (MOS) A it bt > £o- E4 ¢ HW(BIT)ET -
£3% X(MOS)~ £ g i# * BSIM4.5.0+ %i‘—? % & ¥ (BJT )E_i# * Philips Bipolar

Transistor Level 504 -

3.0 : | | )
1 |
Triode CLM | DIBL : scBE
4 12
2.5+ | | |
| | OOQQO{}Ql |
| | ODQ |c-¢- [ - 10
| ) @ - —
b l J’QQ I “ - - N
l Gamuun®® s
= | Q:l----------l--:-l-- ; 1. é
E mam®
ST Ca | : =1
E e | o 2
| I & I I . | 6
1.0 = | . | | o
u ] _ 4
| | | Q
| I o | | O
0.5+ | | | )
l, | | .
. Qal | | .
soe®” | | |
0.0* . . | | 0
) : : 3 4
Vds (V)

® 2.2.3 : BSIM4.5.0 8 i 7 in (lgs) ki’ﬂi?‘] N EHARET R (Drain Voltage )

S T BT N R RNT T A BRE R R
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B &1 % BSIM4.5.0 shikia R in 3] (Drain Current Model) [2.7] - & st

Ra-TBed T AT s d PR 223 A7 o A Bl T R S e B

~

Biy- sz mB@m) % e = BRFEFREN @R A = %4 % 5 Channel
Length Modulation (CLM ) > Drain-Induced Barrier Lowering (DIBL ) » 4=
Substrate Current Induced Body Effect (SCBE) » # {5 i if 7 /i #-2]( Channel
Current Model )¥ d } it e B R4t 4k ¢

SIS T S PASE VI

] = Idso - NF |:1 + 1 ln[ VA J:| j (1 ‘Ll' Vds‘_ Vdseﬁ' ] | (1 + Vds - Vdseff ] . [1 + Vds - Vdseff J
ds :
1+ Ridao Ceru VAsat ‘ V o - Vs Vascse

Vdseff |
I |
V=V o ¥acnr
E L. +V +2R tC wW.V J1= Abulkasat
sateff dsat ds vsa oxe' " eff " gsteff 2 V N 2V
V _ gsteff’ t
Asat — 2
Ry vsatC, W Ay, — 1+ 1

75 Eed=g) Vds ﬁ- ?} Vdseff » M Vdseff % EE {_ 7[3‘ £ /ﬁ‘ 1k gt_g /f:’;:: ’fé%ﬁ e “ff'ff?“ff'?\f ‘FTS;f%.

i7Vdsat s 40T & o5

1
Vdseff = Vdsat - 5 [(Vdsat - Vds - 5) + \/(Vdsat - Vds - 5)2 + 45 ’ Vdsat j|

15



(1) Triode Region

V
/4 V1= &
ueﬁ”Qcho ds[ ZVbj

Ll 1+ Ve
EsatL

Rus(V)>0 f= rdsMod=0

]dso =

1
I = dso
4 Rds [dso

1+
Vd

S,

(2) Channel Length Modulation (CLIM). /

VACLM':’ = :CCLA/\[ (¥ - Vesar)

Voo R. -7
Copy = F | 14 PVAG -2 | 14 Fas Lo Leﬁ+VdSaf L
PCLM E\ oy 4 7 E, ) it

dseff’ sat

F= !
JLos
1+ FPROUT -————————
gsteff’ +2vt

Jit) = | ExTOXE - XJ.
~\' EPSROX

16



(3)Drain-Induced Barrier Lowering (DIBL)

V =
it g .\L+ PDIBLCB -V, AV +V, Loy

rout bseff dsat gsteff’

Vésteff +2V ) (1 Abulkasat o ] (I‘FPVAG Vz,steﬁ J

0.,.= PDIBLCI + PDIBLC

rou DROUT - L,
2cosh| —————F =2
110

(4) Substrate Current Induced Body Effect (SCBE)

1 PSCBE?. [ PSCBE]1 - h’ﬂj
= 7 exp =
VAS CBE L V V

dsat

aff|

(5) Drain-Induced Threshold Shift(DITS) by Pocket Implant

1

Vipirs = PDITS . F- [1 + (1 + PDITSL - L )exp(PDITSD WV, )]

M G2tk T on( Drain Current )EEA] o T 6 MF AR EFEFET 0
(impact ionization current )#-3] :

4 #5427 in(impact ionization current )( I ) ¥ v

I, =(M-1)I

ii ch
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m 7 BSIM4.5.0 ¢ ag #2537 /n -] (impact ionization current model ) ¥ &

-  ,\ 0 .
TH ool

]z'i
Ly Vds - Vd

ALPHAO0 + ALPHAL- L — BETAO
= ( ds Vdse,ff )exp > 1, | tdsNoscBE
sefff

]so.NF 1 V Vs_ng” VS_Vdseff
1 ynoscoe = dledsldso|:1+c IH(VA ]}-(l+uj-(l+d—

1+ clm Asat VADIBL VA DITS

Vdseﬁﬁ’
¥R Y e (M-1)

ALPHAO + ALPHAL - L
B L

(M -1)

— BETAO ]

Vds - Vd

il (Vds ~V s )exp[
sefff

el

g FE v FM-1D)md T30 Edp ke
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% #-/ % Philips Bipolar Transistor Level 504 #i=7] :

C B E
0 Cesco ? Ceeo T
W I

QTESI
VP e
QB132J/17| JS
[ 2
"ZZ ’Zf) [®) & G
[ Rec I B1 [ RBVI i = & .. 3 *
=] L= B2
|B3 N __ :Z_ZI Ck =
4 £ £ B F
7 = : —C
= PR R
2 |12 (2 |2 CR <‘>
m + x ]
* x @
2 x Q-
2 b )

Cy

S.LO

SﬂS|X+QﬂS|

oS

B 2.2.4 : Philips Bipolar Transistorkevel 504 5% »x 7 LB o

s
b

B 2.2.4 % Philips Bipolar Transistor Level 504 #-%] s 3% % »2 7 B2 B8] 3

AR E R B
T 2t B 4 7 in(Collector Current) » L %8 § v (Base Current) » & T it

(Emitter Current)[2.8] :
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] — ccl
° RCC
— Vbbl
® " RBC
° RE

A8 E AL - iF KRB &T i (Collector Current) w4 33 & % &
f= K i ¢ (impact ionization cufrent) [ty )iz X % £+ % & 4 (parasitic

bipolar transistor) 4= =3V : |

I ALPHAO + ALPHAL- L (

— BETAO
h I Vds - Vdveff )eXP(—]J ' (1 dsNoscBE T K'I c)

off Ve = Ve

SRR

b

B AR R N AP AT LR

g & 7 o 0T iR (simulation) & 2 b g T sl EE R o
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2.3 $1% SPICE '+ T &H / &F 2~ 473 2 KR

(Via SPICE BJT/MOS Model Approach To simulation)

2.3.1 ¥#%# (Simulation Verification)

B2.25 77 51 % +40nm A jzar g %4 #N 4 £ 5 2 (PD SOl
NMOS)iplz& ~ i e(a) 7 5 55 T+ B B(TEM) ~ (D) B~ 4205 B o o+ ~ 257
%k & & (thin film thickness) % 70nm » & %3P 4135 » £32k & 4 3*10"%cm™
H2 g v k (buried oxide) & 145nm > [ #&% 1t % (gate oxide) = 2nm » i i &
(channel length) 5 1 m o 3845 4 Sfeia #B(LDD) & 42 & 3 4 1 3(STI) 5 410

AR SRR o §%i‘&(8ldewall spacef)™ = % 65nm £ N s &

N
k4
=l
&
\\\Xr
N
2

ek B 510" cmP o % I gt/ &5 2~ B H0a s i
DA - A g EMedicil e BRPF Y BA AEF 2 R & T 4] -
B12.2.6 “77 %40nm "4 f2ape %48 #N 4 4§ £ (PD SOl NMOS) =

54 T iR T R B 0% Bl(Drain Current vs Drain Voltage) - Bl @ ¢ 1 i¢ *

™
ek

SPICER#+ & & # / £3% =~ #(BIJT/MOS)H-A| = i cnfickt g & & RIE ~

AT L chee £ 4uAE T HOA B AE e iR 1
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I .
ST Stress n+ | n- P n- | n+ Stress STI
T T e— T -
SIDL 40nm S/DL
Buried Oxide
Substrate
12.2.5 1 40nm 54 f#4ee G40 # N 2] £ § * (40nm PD SOI NMOS)ipf# = i

(@)% &N T+ A RI(TEM) ~ (b)Ese~ 2 315 B
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Chapter3

1% SPICEHAR BN+ T M/ 45 2
RO S F IS AR L #N

NEF L2 A T

Analysis of BJT/MOS Models For
Nanometer PD-SOI NMOS Devices Via

SPICE Simulation

3.1 H-3p ¥ K &2 K

i - R &R 222 P T RM (BIT) /1 £5 2~ (MOS) #3]%
NK KBNS Kl 5 B ek R

GULRFFARTR

GV
[l

AR

= (Collector Current) w 4& ;=

I THDRELE ()
TR F 5T n (impact ionization current) #p 7]

(Drain Voltage) ~ ¥ > 2
2 g #2537 n (impact ionization current) o » F 4 &

Kip e 7 %7
EAR AR ( parasitic bipolar transistor ) » #7121 % %% 4% % /& (Drain Voltage ) +
= (impact ionization current) ’FS MAp e BB KRR o

| R PR
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Bl Kfe Kefigg 8 % ©

3.2 A B K 2 447

B 3215 v dwa2 kFKET RS S B 4 B+ FK:K=0.994K=0.0
g 3 K'=0.99 dp7 099 Binf a7 n (Collector Current) w4 3| % ¢ 3
%3 (1) BB LR FHHET - (impact ionization current) + -] m K'=0.0 ip i
ARG e iR o d B03.21 Forpfd > Fki o KAx+ 4T ¢ (Collector

Current) w4 7|3 T 3 % 487 plR25eT 7~ (impact ionization current) 4%

G At HEFTRER #ﬂudﬂ322¢{>%m rvd B 321%% K
% €3 BT xi‘éﬁlﬁ,?\(KlnkeﬁeCt)’@]; EETG R LM s 2 ~ i (BICMOS)
Y TR T A4 (BJT) R 1824 g &5 L Ae (MOS) &

(M-1) lon % Bods > #702 fegf 2 RHIR % (Kink effect) P+ & Ktk & FiT >

#1&% in (Collector Current) % | » BRI R % (Kink effect) 5 2 7 € 5

vy
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35 KT T H > A F a5 (impact ionization) € A% FcE > RI M % (Kink

effect) ¢ % % % 2 [3.1]- J B/ 3.2.3 e 18-/ & T & (Body-Source Voltage ) & -

# IR a1 T B (Drain Voltage ) A% kax+ € 5 B2 % 1L hIk g > @ gt IE“M‘%{
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T & (Gate Voltage) -] p¥ > 3% (Kink effect) ¢ &5 24 > &K 3.23 ¢
W ie L & (Gate Voltage) | ¢ #& & 21 % 1~ > #32Gdpk ~ 2 7 U a6
ik K3 ¢ B 2R M % (Kink effect) - e K2 4pk Pl AH-HiET R
(Body-Source Voltage ) 4% 7 — 4% > & 1&T B+ BiaR B | T /&
P37 o (impact ionization current) & &+ BT B < T %+ [3.3] 0 F i
THEFE S AW-RiET R (Body-Source Voltage) & + - B K'=0.99 £ 32 3

= AR o

1.0

K'=0.0 / K'=0.99
--- —— V=04V

P S 0.6V
I o 0.8V

o
o
|

W
W

o
o
|

Body-Source Voltage (V)
=
1

o
()
I

0.0 | | | |
0.0 0.5 1.0 1.5 2.0 2.25
Drain Voltage (V)
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d Bl 324 e 325 i L g KA S 80 2300 % A -

Az o L3t fg (Drain) & B[ pF o (1)F RA R T BAS ] B F 3T 08 (impact
ionization current) ¢ 3% i 3 71 1 o 2 e g AT 1R T R ] R F 254 (impact
ionization) £ > ¥ 24 %;‘4 7 & 1 (parasitic bipolar transistor ) # & #:i - (2)K’
%o 72 ¢ @ F 5T 0 (impact ionization current) B g s i 0 22w G i en
FALEFFT R ( parasitic bipolar transistor) k|#:d » & 4& % /it ( Collector
Current) tixt&® /= (Drain Current) &t &)+ ] 4ol 3.2.6 > ¥ KHRIR %
(Kink effect) # € 7 8% ; & #% x4 <& (Drain Voltage) « p¥ : (1)7 ¥ & W
TR K] ¢ RERFFRT N (impact ionization current) » & 4 B
'+ 2 &1 (parasitic bipolar translstor) AR R IR A R AR L
s KA+ 5 #2537 5 (impact ienizatiom.current) 4%+ - (2)% B W 1&T & :
Mies & > %3  (impact ionization) jx& » “rH R F 3T n (impact
ionization current) + > 4@ 3257 N F HFRK=099mif s 1Y - ¢

A1 £ Medici v 0 5 21y Lifetime (1) < %2 '+ T &8 (parasitic

|

bipolar transistor ) it # 5z » & # 53¢ % /= (impact ionization current ) + » 22 SPICE

Bt AR g - R AT R HFE AT O (impact ionization current) < o
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107 |-
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+ ] = | o
& 7 i+ (Collect ‘\C?ur\re‘ht)/;‘k &l - (Drain Current) 2 x& 7 &

(Drain Voltage)i # §] « s Bl % &7 b KoL s « » 43 Ff &

7 & (Gate Voltage) ™ 7% r K'en@ 55 ®] -

3.3 Pk K2 247

Ki&E2%3 % ##F54d it (impactionization current) i » # 2 g

+ % % %% (parasitic bipolar transistor) k& (Base) ¥ » s & B ~ & 3] 7

T

# iRt T & (Drain Voltage) = /| #2502 - d B 3317 i p i K~

® R P K B2 7 7 #F % /B(Breakdown Voltage )+ ¢ #2 % R # »<Jis(Kink
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Effect) - F15 K #1 § % » F 2 £+ T &4 (parasitic bipolar transistor )
i F 254 7 s (impact ionization current) » #7114 K 4% | % 3 »c & (Kink Effect)
guttsmg 2 > @B 3.3.2°¢ 7 A K #F 7 & (Breakdown Voltage ) #25 » §l

P UERT B Kipk Ka# 7 & (Breakdown Voltage ) i 48 % -7 £ T 25 &7
e Ky LFDI o Fa KEdp aipr WRT R ERApF < | R FFRT T

I

(impact ionization current) & £ K & ey > > a7 ¢ B0 T (7 5 fe hiple W
T BRE F K> #2533 0 (impact ionization current) # 7 £ % & Feh
oo FE KL €% (M) b 23 205 MBS R FREFH4E  (impact
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’:”-i"l'j g Ei%ﬁig o ‘
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Chapter 4
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Conclusion & Future work
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