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Abstract

Technology development in the twenty-first century will be
surrounded with _information processing and power saving. As the
technology of semiconductor manufacture grows vigorously, how to
save the power efficiently and to process with information quickly, a
power-saving and high-capacity. electric power-switching device is
needed. Therefore, power semiconductor device technology will play
a decisive role in the future.

It will be discussed about the issue suffered from the
semiconductor manufacture in this research, i.e. the mismatch of
threshold voltage roll off behavior between on-silicon and SPICE
model in “Asymmetric High Voltage Field Diffused MOSFET”

device. However, the matching results between on-silicon and SPICE



model is always a very important task and need to be solved in
semiconductor industry. In this way, high-efficiency power
semiconductor device can be provided to fit and meet the demand of
IC designers in circuit and device design.

Therefore, the analysis of root cause by cause-effect diagram will
be emphasized in this thesis, in order to find out the true reason of
the mismatch in threshold voltage between SPICE model and on-
silicon asymmetric FDMOS device. Then through the proper
experiment design to confirm the root cause and propose an effective
solution further. From the experimental results, it’s shown that the
threshold voltage of asymmetric FDMOS device between SPICE
model ~and on-silicon-seems to be comparable by the method

suggested in this investigation.
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TFRBERR BRFESE R REFTEARE AR S > &4
B R ERIE A FTRRPEOER 38 R o T e
MOS = i @ﬁyaﬂfsmmwaﬁw~ﬁﬁmm o

4§ 3T LA (MOSFET)#if # eh SPICE # #3544 & 3
BB - BEIp i MOSFET ~tene  (EEER Lfcil i &
B WMot it &8 8(node) » ¥ — B R Ed45 kb i
MOSFET = # ¢73] 58 (NMOS & PMOS){ep 12 ch ik id » £ 1
LDMOS ~ ## A 52 6] > ¥ ¥ W 2-4 #7151 o

’,}_SPICEﬁ]%;}#’,F’ MOSFET ¢ * M3 ~ 3§ » iz B &
A1 & Bh(drain) ~ Ri #& & 2h(gate) ~ Rk & B:(source) ~ & A5 & 8L
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(substrate) 2t 48 & 8(body) » @ MOSFET #h¥ & ~ i 28cp| ¢ 32
=% T & Vt (threshold voltage) ~ 4§ i 1d (saturation current) »
# 7% T & Vbd (breakdown voltage) ~ = ¥ Gm (transconductance) -
%1 T 1= Ron(on resistance) ~ i if £ & # % 4 & A (channel length
modulation coefficient) ~ A #8 > & t2 # v (body effect factor) ~ = i
turn OFF p¥i& T i= loff (off current) ~ =x f&/ #£ 3 St (sub-threshold
swing) ~ ¥ »xif i £ B Leff (effective channel length) ~ 2 # F j' 4=
Pd (power dissipation) & o Z 3> e & $#8B]7 5 T e Rs (sheet
X IEN

BRIFERFACIHARGER F]F 14 RICKPF ARV TH
s JE R4 T e 3o

. SPICE model i34 {72 = 12 » B § & 538 5% & & Fl(wafer)
¢hsh 38 » ©FE e model function &% §7 4+ 5 W & [{1RIZE.% & (silicon
data) B E# &FH > S X RRAFF REF- LB AR F
% = KB model g B oo 4ot - % > {2 FenE A (production) £ &1
7-B¥ J‘Ji%%lﬁﬁ?fiz:b;.ﬁ'*}rzg o

resistance) » #&f§ & F&. Rc (contact resistance)® o 14t

2.4 SIMS BG4

- HEHAENE A RE ) FUEH S RALA O TA
ATAzAE (L) 23 VEAHRE - BRBHPDEF LS
Ao ek B RS (OM) ~#H T3 kst (SEM) 2> 7 A
BLGhTR R 3932 45 L AR SRS ~ 18108
Mg o (2) Bﬂamzﬁ;a\ﬁfig Do X R RER R - K D
FTHEREF > FrULEASCAMIELES - RRELLE VK
ZrUBRBRLWUAL P 2IEAAFZ ERNL G PRI (3)
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g (REA) ARKRELRRTNAFEF L2 LR
X HBEF A%k (AES) ~ = @3 Fa#sk (SIMS) % - # &

T
LHRFTEILFLNAMES  AVERLREF e o
=R FHROCIMS) B g iR ks R BRT
R A BRI ALERMT AL Rz RIS o R
FRAWIATTIRLIFrEATRRENDHEF R PR
3 & pERE 2 4p ¥ RS (sputtering) » B REFE A 4 &
BEM e CXBITHREG B ERARSRTERNS B
FRAOERERIFETFA 2L - RTE R (Dpma) & FH IR
PO REILIFTELRLZ - RS B A (ppba)ch@dz s 41
ot o AARR RSP AT F AR (R
AT Rakehk d oo
- XS THRGAEE G ZHa T - x4+ (primary.ions)
REFRENL e > SOFWET 4 RiEwd e PhRIDSIH
Mk RS ke fens S #r3 (secondaryions) o e R FH &R
(mass spectrometer) > EF#2 #47>aE IR i e S > F
2ZXHEREANKIFAYT « Frhod - X 28I F UF F R
BB TERHRHREY 420 > Flp 3T 41* SIMS T8k
AR P IFHRLE? A2 AWML G 2 26 1T
30 HeK (MM)IER P enF B fodf R ML S nE & o P per - F
i€ (0.5-20kV) ehggF AR FFE P 46 > A2 3 Lo kT o
R A R R
SIMS REMEE? 22 Faj 47 kel > 2 A2
FASTAe AL (1) REEET - TR LcnipI
(D) i PEBI REAL - ZRINEERE: (3) £FF

—
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http://tw.knowledge.yahoo.com/question/question?qid=1305092801194##

EEBOFHR 2 (4) %: - RRETEEH S S R

:' :

o
3

o

3‘5&

BT FHRA T NERLT ¢ (1) FRHERAT & ppm o
Fx0 ppbEa; (2) P2 e ARHTHERS (3) PR
Arig: ()72 ETRY 0 (5) WFEBRHR- &5 10~
20nm > B3 2~5nm; (6) d A3 @RI PRI EFRIL &
AL (7)) Re i RR- K8 2 [ oo T3 ARE
SR £ 20nm~1mm; (8) ¥ * %% 52 RSF & itz §
o XPIFHRS KDL 1 (L) FE2FERAES
# (D) HIBAFIATHES (3) 3 AFRt % > 7iE 106
L B (4) FREAFFERTEZLE D (5) FRERDLG iR
Fatrs 2 (6) BRUIREA s o

SIMS 2. & %R » Gldc@ P25 5% ~F 1 ~:BR -~ 2% >
BASTE 2 0 ABEFP AL Aa P 11T 27
MRE~FALAG > F P -t F FB N nEZRTFRF
B @7 Kix3 oSIMS? 2V it 5 2 FH2 Adi0 A 7§ #IT
FRREVARRAZPBYLAILF B nE I RTIERA D
ARV ER ARHNE RS {AG K FREE K
ez (1) 2a7F I SIMSHih? MBRB Y 4 6 473
FLAEk 0 :&gmﬁxj ALY FUREFRLIFER - (2)

FFAF AW SIMS 2 g8 iFf%47 4 <50A > A AR <
1017atouns/cm3 » ¥ 4| * SIMSF  EHHcZ 3+ FlERBL 3 B
BRI RRELATH . (3) BEBIGHEIEMNEICHHE
$.7u| 2_RE o
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Source

P-body

N-Drift Region

P-Substrate

P B —

W 2-1 ®l% EHics § L 3F%T HH(LDMOS)
(@)% H W (0)B kAR~ #* W[2]
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Pt
©

[/

B
n" Zda
n* B <100>
TR RATIERS

W22 %3 % ahica § 2 AT & W(VOMOS) % # M[2]
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{a) Symmetric Device

P-Field

I
I
(b) Asymmetric Device

W 2-3 F#Hic & § £ H% T &L W (FDMOS) B W
@) ¥ 3 (b)2-#H-1
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- il |
e

|
_s[ =

G
|

D STI
= S G
= /
R(Va, VD
P-Body 7 ( ) Ro
g n-drift region
@
VBD VBD Ron
(on-state) (off-state)
drift region
conceTntration 1 1 1
drift region
length 1 X T
T {for drift region length longer
maximum depletion width)
channel length
? X X
(Lg) 1
P-Body
concentration X X
{for avalanche breakdown) 1
T {for punch-through breakdown)
gate extension
length T 1 X

®)

W 2-4 FDMOS SPICE MODEL (a)5+ & ® (b) 8% &M 4 F
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31
I

¥
P % e R

alﬁ%mﬁa
B ad I 2EEHE R B FD-MOS ~ # (Asymmetric High
Voltage Field Diffused MOSFET)2. 24 & B Vt &7 R & B
(channel length)&2 3R » *+ on-silicon & SPICE model # 7 ge ¢k
Fl o iedm LIRPAL @ R4 A2 ihiT 3 BT REEK (R SPICE
model — 3k o &t >3l xR R 2 2 T & F §(fishbone
diagram) y > * L& FIW 0 0F 3 287 L EOR B4 47 o dpt v ]
B f S AT TG R TR G R SR IR 00 et B R
T RePRHE D » R (EE o
FAREAFAEE BT ARAAR I REFE SR BN
PR fR - AM B BEA 1702 i 7 f345 o 473 4M ¥ T A (man) -
M (material) ; - 4% (machine) ; 2 ;% (method) | = 85| %K :
S8 AESLF S K(lowyield)inF 38 E AT EFRET FRIUT
T AR R EREA) S HE S TR RE T AR K
() il 22 HEE)F > BPEFAEFEERAF AT > &
FLEBRIRATRPINE T o
HARSOERARBAFTRA Z o4 4 Hp BB en
FAH N7 R BEnTFS o 152§ LR-F 3% TFDMOS 2§
% &R Vt & on-silicon 2 SPICE model # - & | » B & 4 5 ehix
B2 RF aBEFF D407
—~A(man): EEFEFHFTFTFAAHBoOATRE -
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= ~t(material) : Ap M ARG o 3 FepE L E R
» #(machine) : AW WP S > 3 X BRI o
= ~ ;% (method) : & x4z (process flow) » %l #2 i & (process

I

condition) » & ‘}5 XEFEAR o
B ELY - ENATRRE FEERM LT

32 4 F WA
BT Rd W3LnhFH o E-HBERSE - B L Flenfiir > &
LERHREFAH LR 0B 0T BT T RGN L & T
BREHY BHORRK - ARAFS S 0 AN
IMPHRF w7 - R .
=~ A S s enT R isdk(data log)kE s Y R B ¥ ?-t#@'f A&
¥ HIehTF 0 LA T FEE R 320@) 55
S guie M AR e 2 L % SPICE model £ on-silicon ¢
L3 BRI DM AU RHEEEFI 40T 8
L% F = &4
(2) & #f 144
(3)3= 42 » = ¥
(4) Bz S et
GO)&%F BF
B Ao o FRIFLIFIRFLR %
Mot Bl R 05 0 dof] 3-2(b)#r T
D 4MHip BE 42 e85 2 v % SPICE model g on-silicon
R EREH DM 5 BETFF 40T
OF 3]

1

I
&
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ki

W

(QEAHKKA

Q)+ KA
(4)% L RR A
QL yEe

B)T HRIFEK A

Bolr SdPBoRF -BoAUARVH TEIFRTP

Zipk B e AT VT 5 GRS el T 5~ 4B
cABLE R PRSP AT AR BT HERH

Wt F AL f Rk TRE P L R kst A P

Fl3 T o HARW SRS P 5 o) 3-2() T

2 1 d A+ SPICE model &2 § % onsilicon = i 5 &4/ ch &

FREFFFF - AganmrgEEe o g4 Qe
FFECHBER > QRS FUR o o FR PR
R QAEFEAFEEaa FL A5 5 RMFHI R
BRRR 3 KA e ARG AR E P EFF ®F o 4ol 3-2(d)
A U R TEA R IF ) Rl R A SEE 3

(1) &% i & (Gate oxide)

()i Efh T R2 -+ 42 » (Channel Vt implant)

(3)iE# ¥ 2. 3+ 4= » (Drift implant)

(4)iki&/x &2 3+ 48 » (Source/ Drain implant)
(5)i=48 3 4m2 33 # » (LDD implant)

2L AR WL AR R ER S e 0 A s R

,wFM$ﬁ%MBBWT BT RBEEHIELARTT ko7
REFRF > e RN UEP 2 RGEIPFFAI > w7 -F
o= REFHR R RN L e 38 -
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A.(Man)

#IEAR
Hi#&kaF
#®A

# (Machine)

£ EABRNA

HamEEgks
#1SPICE model

k&4 B

A EraMH
1 SPICE model

HHHAE

#}(Material)

HEAE

Keast

3 (Method)

FDMOS=z Vt
A& on-silicon#t
SPICE model
F—%

W31 AP35 AM B EEAH 2 2 4 F
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FDMOSz Vt
4t on-silicon i

SPICE model
rA—%

@

® 3-2(a) £ (man)& F2 & ¥ F

FDMOSzZ Vt
4t on-silicon#t

#(Material)

SPICE model
r—%

MRz

M)

® 3-2 (b) #(material)& F)2_ 4 ¥ @
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# (Machine) HWRRakE:
OB
A REVAT—
Q)BT AT
O X ey
SR
O TR LA —

FDMOSz Vt
A& on-silicon$t

SPICE model
-2

©

W 3-2 (C) # (machine)& F]2 4 % W

FDMOS2 Vt
At on-silicon#

SPICE model
r—%

RVttt
(DR AR
QEHEFERE2Z B THA
QUEBEZZFTHA
(DEN BRI B THA

7% (Method) O BBREBZRTHA

@

® 3-2 (d) i* (method)& F2 & ¥ Fl
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#% (Machine)

R ERE:
Q)BT HAZ M
O g r el

FDMOS=z Vt
4i on-silicon$t

SPICE model
r—%

Rttt
(MBS AALE
QOBERFEEZSETHA
QEBEZRTHA
(DFEN BT BETHA

i (Method) OC)ESRRBZBETHA

W33 £ REFFE2L AT H

28



ARG R S S AT AET2Pehs RIEEES T PR
o BT RTERPR B IREH L AR ETS o P
HI P AR BHPLFHRRFALI - P o

41 ~ it gidiniz

B FHFPEAM E o AR s
syl trdiEt 8 AT A& R EFF 2 12T 2 NMOS & i i1
W inde s b iEpE o
WAz 3
(DR T # 7 e & 15 8 5% STI (Shallow Trench Isolation) s
3o W] 4-1(2)%F 57 o
(Qf ¢ %% #PMOSE i » @ NMOS % - 5 t3 L 257
¥ 4ol 4-1(b)#57 o
(3)i 7 P-Well /Vth/ N-drift 2 33 4& >+ 4o @] 4-1(C) %77
(4)F % P-Well / Vth / N-drift 2 #cB 6 e £ 5% > 4o 4-1(d)“F 7 -
(5)= & M #&§ f % (Gate Oxide)2 & B W #&(Poly Gate) » 4] 4-1(e)
BT o
G)fl* xE Rt s BRtE > REFRLIEE > oF 41D 7 o
(NE #d @2 (Etch)® AT & BRI & > 4oB] 4-1(9)#77 o
(8) 5 B 2k 7 &z & (Punch through effect) 2 2 » @ g feixi®
(LDD » Lightly Doped Drain)#&#: 9 % 22 g 85 > & F # N-LDD 2 3¢
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34 > 5 4o@ 4-1(h) 957 o

(9)#-N-LDD 2_ #cf % 124 % » 4o ] 4-1(1) %777 -

(10) ikt s ZimAINHKRER L E R » L WREE AR N+2
B 0 doW] 4-1G) 9

(11) B 13 % N+2 el % 24 5% > o] 4-1(K) %7 -
FETR AL AL Vil it .

42 RE> (e FF)

dt-RABP VP FI LA E T FIE P o B F Rk
Bk e 5 £3 SPICE model 2 % on-silicon 7 & 3| 557
froo 3R A BIR R SA-T
TR ) —HIE B
REREP
(1)F % &% FDMOS =~ & ehg 2 F (€ R in e % » 11 £33 @
(Cross-section) 2 = i i# & W] (Layout view)#i— @ » FDMOS = ¢
T3 rdd AT B del 4-2 #757 od 3 & L84 FDMOS
Ao EiEd RADAREHR S REINGT oo RFP T - F v
A 1 pl iRt (Testkey) S H 0 ARG v M AT § PR B 0 40
W 4-3 957 o
QFmHBIE >BoP FRARRRE ) cRBERE > < >
HE 3~ £ B - €523 & & (twistangle)z 4L & R (tilt
angle)® > FRBEHA LR IAA FFE A hL ] > R0 Etw
BE T R WAl 44 455 o

RHE () —F AP EESEY S

30



LS

23 5 K M(wafer) » A543 FSANERL > EoHHST
3 Bg s (SEM » Scanning Electron Microscope)4 47 » H & 45% %
RAT - FEP > R HRKI A (Splittable) pl4e £ 4-1 #4757 o

I S AT R

< - labak i
ket it 112]3[4(5(6/7/8|9/10|1112|13|14|15/16[17[18[19]20|21|22|23 |24 |25

Thes SRR MEERE & | SPICE Model fEHf0AY
DRI B On Silicon fi F A X

>4

4.3 R %> & (AUAiEEFI)

Fd HUaEepEFRs 158 - BFFEF- KPR HRT
RHREE(-)— MBS M K

EStE

# ¥ g (furnace)4 78 & & (thermal profile) - &2 SPICE model
e5k 78 wafer — & o

(1) W EF & &7 T % -R R E RS R (C-V Curve) sl - 117z
WHEE CEEEA T - K-

(R E M iEF & Pl A (QBD)» AR B F - K (h S S
FEE-XKo

(3)4 =3t SPICE model # on-silicon &gy ¥ & &~ % » * H {4 %]
6 » ¥ FHNE I EM&E(TEM » Transmission Electron
Microscope)& 47 » H 2785 ¥ 3 T - P » FHRI 4 R4rd

4-2 $%5 o
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242 LR ERRHR;E

B fik I
A SPICE Model BSRF | X
B On Silicon BSHF

BT R4 HpN ORI g N RFIRAE -
PHRERC)—HEHRAT RGBT
KT REKT A Rivk 43975 o

243 HERITBLPF » F&RE 2

. BRER
Fft i 1(2(3/4]|5]6[7|8]|9][10[11]12|13{14[15[16/17]18|19|20|21|22|23|24|25
HRTEETARE mamame | x|x[x[x|x[x
ERTBEIAEE + 00 | EAEASERI x|x

BREEETEANE - 100 | FAEAZIERS10%

R EERTEARIE(Ant-180) | BAREBIS0E BEA

FHEHERE) —EBR2P I
RERF P RER AR RArR 4497 o

244 5B %2> RRERT %

Heft it 1234567891011i%ﬁ1516171819202122232425
ERERTIENEE FARENEIE X|x|x|x|x|x|x X|X[X|x|[x|X|x|[x|x|xX|X|X
EHEMTABE + 100 | FEAEABIEEN0% X|x
FREMTIEARE - FAEABIZED10% X|X

EREMFEABIBA-180) | SHREIR0E B

PG () — BB iR BT HE
R R HRA Ao 4595 o
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% 4-5 hie/ate2 @3~ SR E
N [ Navak A
Fft i 2(3[4[5]6 89 [10[11]12]13]14]15|16/17|18[19]20|21|22|23|24|25
o FEEASE FREEALIE XXX XXX X[ X|X|X|X|X|X|X|X|X|X|X|X
S RIEEALIE + 102 [RAAEABIRIEI10% X|x
RS REEALIE - 102 [RAAEATIRHA10% X|x
iSRG T A B2 (Anti-180) | R RIEIS0E HiEA X|x
FERERT) —EBRRIBLET
REEET P RERARIoR 4-6 o7 o
% 46 EHfextE I RERKE
N L latak A
Fef it 1(2)3(4[(5(6|78[9[10/11]12{13[14|15|16]17[18[19|20|21|22|23|24|25
EERSEARE FAEALIZ X[X|X[X|X|X[X|X|X|[X|X|x|X X[ X|X|X|x|x
TEHETEREALIE + 100 | RARARIZEMN% X|x
EHRSEARE - 100 | REEAZIERS10% X[ x
SRR TR A B2 (Anti-180) | SF RIBI0E BEA X|x
BEFOMNMT-FHIRXALARZR I TEFNNRESE: > 272 A
¥en1 {5 NP ESP o
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BYE TR EEERE a5 STI (Shallow Trench Isolation)

STI (Shallow trench isolation)

(@)

LUNMOS £ , F ok PMOS ¥ , fFThd NMOS Bl , i3 , otilEg

PR
E - -
)
i Well / Vth / N-drift 7 SETFHA | |
‘ PR
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i Well / Vth / N-drift 7 #2300 =k

STI

MR il LIE (Gate Oxide) Ko< B (Poly Gate)

Gate Oxide

Poly

./ L
- PwELLMP

FIADLERE2 BRI (Poly Gate) B & , LI

PR PR PR PR
50Iy
VIN IMP lSTIl IST|I IST|I
I T T T
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FrH il (Etch) RHEE R (Poly Gate)

Esl = El i
TR = I
| Evese -
®

F3Bjj 1EZRRRHE (Punch through effect) , EEBHER R (LDD) (IR L g
{5 , 4 N-LDD JZ#EEFHEA

N-LDD Implant

NN /Y e

##E ,  N-LDD gt Rk

N-LDD Implant
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TSR B R N+ Bishgo o B
B, R R R N+ 2 EETARA

O A

g N O R R

® 4-1(a)~(k) i
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AAR(B) FHu(S) K #(G) % 45(D)

A A A

% &7 (Poly)

N EHE (N-drift)

(@

W 4-2 FDMOS =~ # 5+ &, B (a)# & W (Cross-section)
(b)i# & B (Layout view)

38



TARFTE

555 rﬂ&(sate)

(a) R ) FDMOS £ 4%

(h) & X FDMOS £ #

TAFTE

B 4-3 FDMOS ipl324E % # 142 B (Top view)
(@) ¥ = (new) (b) & & * = (old)
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Z #h

e AR
ETHAFA (Tilyt_
(Beam Direction) '
: .’
I
=< MRAK] :
(‘mt} - '
|
1
I
1
1
2RHARTT :
(Notch Down) K. |
BETHNFE \
(Beam Direction) l' l‘
i
b
RO
[} 1
] |
] 1
\

W44 g 8 @% 7 LW
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$1I%

BEEEE

ARRPBRF e RARKITOR o REFFREEFRP EH
HOFXREFIAY  RAHIAETRIVFFNEAS .

51 REBE(WE FF)
FHRER(-)—FFE B

RH%EEP
(1) #5 ¢ W 4-3 33+ dien i Rl B4 %;Mﬁ“ﬁmﬁn?m@
B2 Rdo 5-197F o d 2% Faos et Vi 22 NAR P

PFERFRA IR ABAVIAR ) P L RITHRER NP RE -

(2) $Eami $H3ET 1 0 8 S RH 0 WAOBES 4 - B2 & AP
SPICE model £ on-silicon 7 32 ¥ A 4t cnL & > H L B B % ioH
5-2#77% oM AW MM(BR) > 8 FAIHEGEER) -

L3R JERESE ¥ ¢ T NIRC I e

RAEGERP

£ %] & SPICE model #7i¢ # ek e A % on-silicon #7#& * ch
BRI By RS PSR FEERIT - HFE T SEM ki
& (profile)era 45 » B A% L % 4o 5-3 977 o o LIS G W) -
kg 7+ ) SPICE model sk pe 8 s #E 4L & B $& on-silicon + » ¥ kfe

TR A RS R -
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52 R 5% (WAixe F3)
REHEE(-)— WY R E2 BF
FREERP
(1) v i S g P erd BB d > F R oF 5497 o d W7 4
ﬁ—ﬁmé MY - Rkeo
(2 s FehREF B EFTF-TRE RC-Veurve)ing 7] -
B 54 5-5 9T o d WP ArA FATF-TRY MA- Ko
Q) ERIMEF LR OB FRIF QBD» H B 5 4ol 56 #7571 o d B+
4od ¥ ¢h QBD # M4 £- Xeho
gd Pa(l)~ (2) y Q)& B R AN &y s & RN
BB A Z B FIBR - R g - BEFS -

FRERC) —WMRIERR

REHREERP

¥t SPICE model ¥2 on-silicon 38 5 > 4 B3R i&4d %18 2 & 17
SEM 2 TEM eh4 17 2 # 55 5% 4ol 57 #17F o d SEM ¥ & F 30 &
Pz #gae § - R TEM*HEREAFEREH Y Y w2
FHATE TR A E AL K o P HFFS AL o

REHGC)—HLERATRLEF

FAREFRP

RHAFRFEAR-L243> EREIARPHFETE - S P aRA TR
ARZBRFAR OS89 7 o d %V B34 » BE B >
FEREHRF Ve > REERPFETE -SSP F #1801
FRE R HREL > FREIBTPHFE - FLTPREIILERATR
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2 33 g chliRiF et R AP hE BT S -

PEEE(e) — BB T

FERLEFEP

RBBHRRIE L 44 ERAARERTE - 5 R ph TR
HP %L F4cW 5957 - d B3 7 4v> R4S 18 A E 3
o R AR P FRIB0RE FHE A 0 B VB REKE Y £ - ko
FPIEHRPHREF OAVOLIE - A RRB T 4T 4 WAeiE e
$# Vtehee g SR FTes - Flt g L BEFF o

PR (T) — R iR B

PRHEERP

RAERHR 2L L 45 BRI piEETE- B PR TR
FRBREFIcW 51097 o d 57T v Rh LRI HE
R REHE VP FEIBORELFES B Vi ERKEF £ - X
EREPREF 04V LI - A RIRIE 2 iE2 3~ JWApix

o § Vigee g © g Jles > Flokpg BT e

PHERERGC ) —EBRRELET

RBREERP

RHEFHRERIT L8446 ERAIPiERETE- 5 2R TR
HPS%E koW 51197 o d B 57 4> RH LT 1> A £ chilf
B NERLFPFBIB0ORE A H Ve p&E s - &
PR EET 04V nLie kR RiESRIEL B3 QUAEF
i Vtduc g & @ fee > Fp g FEFS .
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53 E Fl& {5

Ed BFEEFLoHE > FAREIETOMETS > T Vi
F 4~ Wig iR Rk R BT AT R Rk R G 0 2 BT
e g B ’Rfﬁﬁiﬁﬁt B o pL= ’FS‘ F_%. 58 SPICE model & on-
siliconfgft @B % THRNE T RFl o A THA 407 ¢
(1) @ i in A2 4-1(b) e 218 s » 1538 SPICE model i # ¢h
R % P 48 15 ek LY 6 R on-silicon P &5 0 P TR SR & R
i 4o 5-12 ¥557 o
(Q FFRE P VIR P PR IEE R Sbendp T 8 2 3
N ﬁﬁﬁﬁc)&(Shadowing Effect) -

Fpb o d 3R A 5T & > SPICE model eisE e & @ Al » H
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