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Inaveanszuaiasy  mMsiinulazauauiRisruvesmnean Rasinangun 2.5 (n)
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TnssadaavadeiuieainuuuEusudumdt ualunsdi lurusiussiunm Ves = OV
nwdaneiiivommaiunssuainiu ijaqmms'aammﬁumzLLaQna‘%’N%ummmiLm%
szapumsdorinduililususodasiinsudamesiauuagiinssudlne uasdlod
msludaliuuniiuseduiiuvay Ve < ov leifsuiureeiassiiliivsyaauiinduiin
i wasfsuszauInusingiumssuiidsauudaneusenlus dwaliidearsiduiiiodion
fnuaanas lidorinesewing viasusaseiaundu nssuanufiayinaldiooasnsii
usadunmiidnduaumnniu sxdiuldnngud 2.5 (a) wendoussdunniidniuun Usved

grnilenihifidnunndu nssuansunazlualdundumuuseiunm

iy

GO—gMS

(V)

-
X
N
=

N Enhancement Mode
Vymor /
N\
v / Depletion Mode

i —

s
0 *

(m)

JUN 2.6 dnvzlassaievomaudaneivianavesanylihaiaduinddulvunid

YOIMUAUNTZUETUAT

dmiuAveamvrlaiiusuius  IsiitoanaRunsuassIunTuLassesalluans
giafinaziifansonduarsuiinbduy Ui 2.6 (N wasiiiminegszwindoamafunseud

Tnefi@dnaulpeanlamiduauiuiussninanmaudoamafunssua
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2.2 AANTRALAZNI TN UV INDAUNULUULD YT IUTIIUN
2.2.1 mavinulugiunig
uoAnuuBuBNSIY galfruedeniinnanimsiudamessianavesauiuuuy
B edueRmaEntRnsThauannsoesusldlaglassaiisluguil 2.7 (n)(a) uansdenns

MAULUT AN 83 Vs Uag Vs MIVauveseansudanesii YDINLAUNTEUALYN

wignhbAatuusnalddiuvoany

Sl TR
G Z : V' ; . i
Acensmulation layer l P i T Ragith
. B Y X

(n

3UM 2.7 15U IR D WNLUTOUBNUTIIUA 1310 0 < Vs < Vo, Vps > 0

“Luﬂ‘aﬂﬁﬁwaﬁﬂﬁmw%ama%ﬁwmaé‘f’]aﬁ’ué‘hﬁumzﬁg lnsinniaziiivesdanaula
auaudaneulpesnlefimiihfadouudussuresiafiudssy neddaneulasenledi
winfiduewuiusgninanats finsansui 2.7 wsiiliosrsdaein fmnuse Ve = 0
nazuaazliausolraanesuluswesalaiay

austou Vi %‘ufJuLmﬁumnlﬁﬁ’waasuﬁmﬁu%LﬁﬂamwmaaﬁqLﬁuﬂimﬁwin
inmiugIuses  Ussgavazgnibeniifintussniansuiueesa  Wanasauiiugiog
foamaiunszua inavibiusnutemadunssuai wasi3andt Accumulation Channel 7
Uhamesauaziasuiiu 1u grusnfufsdewmnaiunssuad ienedludnuuzreasauya
ua azwuntidnuusveslalonassiiiundasuiu (back - to - back - diode) 61 Vi fian
wmnwauszauInitnmazmilenibiiAn Uszeaudwouinniiansfsiniwind feegszwing
wsunazgada Wnaeiuaisiash wiindu Wiliniago mamunszuan n’ sedalud

n' wsu luiuaafondu luneansudanessdafiuvanua ¥3e fuod avaunsafiazyili
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iagoamaiunszuaian luuSnamesasiaidividadu (§used) Taonmstounsaiu

ludaninniduaiau

i Eerhpl mE Pesubstraten e
Seenapulation layer ! Depletion region
8

(n

K A

o o o gm0 1 oy

Y

_-.O‘A&,ﬁ,_v______ ;”S
(<)

U 2.8 M5y aa inUUUIB U IUSWIN 5D Ve >V Ve Hantia

dlafusssuninginn iy usiidtesn LS B oSy Vi Timaninles
IAndaamaiunssuaiu asiSend i usssuinGy (Threshold Voltage: V) Baaziianiuuan
dm3uiiuned wasBuaudmiuied SRR RNEsE I WwIL-vesa Resvilinsua
Susuiivgvalpsauulwihdueenludmantuainussiunm sswdnlilaaluasiegnii
Adutia Si - Sio, wasufivsesnld anumuiuvedlsaluvinufinandidanasin
wuradanariliRnduuinaasanmeulumssinhdslugud 2.8 (1) uazuanans
Maumsdunsmsluduusefsui 2.8 () dwdunsdaussfuiiinnuazussiuges
avounin  V; avlifinszualuassuitweiauasinsu fafioimsudaneshivhounayl
winszua (mumnadusswdnsiinsudluadniesiioussiunnuasusssusedaiiandlng

Vo DU IAUINMLATLSIAUTDSATAT Ve ianunnnin v, viluddeamiadunssuainiu
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FIUULID Vg Wnu vldaumuiuduvesdianaseuludasmanunssuaiindudie wse
2199EnanIAIAIRLILILIassTIRIMEa TS AU Vs - Vy Batlonuilu “naves

usaduLm - wo3a” (Effective Gate - Source Voltage; Y,y ) faliu mrmanumunuiuveslsey

Aldnnsau Aziaviniu

Q= Cox (VGS V. ) = COXVeﬁ' (2.1)

Tasit €, dumanugliihiinndeniioniei

Blous e UAS U505 draanndngaudladidndes vitliiininssualwariutes
maiunssuaLasiiamuRednd e sataziasy dnanlmAnnsiansulnaainnsulud
gosd nrsmaans uTane sludrsthastouusdnumau lusnefinsedu Vps 1A

9 NeslalaTuIsHUSEUlASRTINUANTBALTIAY Ves = V7

B Posibstedfe i 3 5 0
! Depletion region
»

(n)

Linenr region Satmration region

M A A

DSAT

vs

UM 2.9 MIMIUTDIMBANNUUUDUSUTIUR 110 Vs> Vi, Vos = Vooar
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Lﬁ@;ﬁaﬁumw—‘aa%a:‘]mLﬁumﬂ‘?}’u ANNUUMLLYRIUTEIN Mzl LTBIMIBAUNS S UA
wanaImIuteIMILAunELEInTresalUS a5y nsanaeveUseInvzludeamiaiu
n‘ﬁmm'ﬂldua‘lﬁﬁmLLiqﬁumﬂm’awﬁaam@LaumzLLﬁﬁﬂ"'}LL%ﬁWiNﬂlﬁLﬁ’Lﬁu naAoYET
wsaunaTufidnuinndusaiugesa avimsiiutuvsssiuaindseialusansusge
saidleanisludoimaiunszua fnaliussfunnasoussninunnuasdemiaiunssudsyil
ANGFEAINNY Vs ﬁﬁmmﬁaﬁﬂmja%auazLLsaéx’miaamaLﬁumzLm%ﬁmﬁ?ﬂejmﬁﬂmaﬁwu
su wazussrunnivlifademaiunszuamiafu Vi, = Vs - Vi WALED Ve < Vo NSEUA
wlilnanazhifidosmaiunseuaintu iefiasyinlvwesmaiiunssuaassesiaausg
Andiduuin Seiliifadaamafunseua ImEﬂ,u‘umzﬁmm%ama%ﬁwmuaxag’luﬁaﬂﬁ
BuF NITUAATU L, Fedidiindum M st ue LT TULAL O I d Vys menalsiifuda
Euatuns M MSvneve s uTaRe Slub Ui Ve < Voo - Vr Samaaiaslaidus (Linear
Region) nyudanesssiuminudidanine dufunsdivieslasaiistemsudames
Tuthatiaguanslasagud 2.9

1o Vs fienmnfusunsziaian Mkl W T - ¢/ mmm\'{ﬁﬂésijwmw U §I1U509
suiiaaduiasy dzddndiuaud 1sudenanmztifat uresdeimaiunseugluvnsin
“Pinch Off” %w’awwﬁuﬂs:LLawﬁﬂ"}Lmummmﬁamﬂu@ué i nlufiaunalviiiies
wunilonibifinsazamlszaiioniliintesnadunszud faiudemafunsyuadan
90NN Veg = 0 sutinanizvasludadeundy sendhansuiugiusnd asiivinaasn
WwRnduseY 9 THkAEAMN NS DYaean MY SxiiiuIniy asiinduves
auwulﬂaﬂwgqsﬁu Tutnsi Ve = v ”ﬁ@ﬂ%’]ﬂﬁﬂﬂi%LLﬁﬁQﬂmﬁU'ﬂﬁ?%NMﬂ Ve azaunnnly
vinalndfuinsy snsmsivduvesnssuansueranaaiio Vs Tleuiiaiu Sausiin Vs ail
AUl Vps > (Vs - V) geamaiiunszuaszuavannauiiouidugudnssuaiasu - i

azldgnsainTulasnay fewsiin Vos asiianfinduiniu




18

DSAT

Channel Modulation effect

..
phoseonnsribenseshnssionnenlig

Y

e -
0 'Ds_-s_ T

()

JUH 210 NM5MUTDIDANNRUUDUSUTIUN 15D Ve > Vi Vs > Voorr

Tuvtusii Ve fiaamannga Ve © V, nssiansudsiianmeit lihfudunny Vps Dameld
1515 BndnUE wibudmnsti LT antnzueediv (Active Resion) 1-&'%aaﬂnzém?{a
(Saturation Region) Tummndiuase Tutnust Ve > (Ve - V7)) dommisiiunssuanziingniig
Pinch Off LLazﬁmmm’aamaaé’egﬂﬁ 2.10 usannisiuSnanaeawine  waraunuliii
LﬁmﬁuﬁLmsuuazfﬁaamnﬁuﬂsxLmﬁagﬁﬂﬁ’mmu SlnmsauiAuN Ui natemILRy
nseuait Pinch OFf . apgnissTavanisliihiifidraenesinanasanmeitiasu shlkiAn
anmenszudlnalfieunsd tarannisitesmadiunszuaiinenanailes Vo @wﬁu ¥l
ﬂ‘éﬂLLﬁ@Q%ULgﬂﬁBU L%G}mitﬁlfﬁluﬁﬁaﬂ’i’l Channel Length Medulation

SUTURUATUSIT UV Ve Uis'«;mﬂﬁmmmﬁnﬁu wilBiannsountemIuiu
ASTUANNTY AdumuYesteaAuNTTLAanaY nIziastnansuasinalinniunasy
oy Vo Wnduivdmil ssvhlisesdesswiraasuiugiuses Faldsuludadoundy
Aamsiusnana fainasiibiveansudamesidons

wanmsvnnumilouiuueansudanessindusudiug - Bunvauua nalszns
Fasdesisussiludaliruinmiuay wasusssuiiliihimsuaiianduay

dmsu N MOS ; V; > 0 nszud I, aglvaldiiio Ve > vy

#1m5U P MOS ; V; < 0 nszua Iy azlwaladie vl > vr
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Lngar region ‘ Saturation region
le— Tps =TT —"".*"“‘ "ps Tl — *
- I(;Sp‘
o= o=

DSAF

P R -
ass *log 2Ty

= Iny

& I

;
nsar

Cuioff - e

SUN 2.11 Aauand® wsdu-nssnavseavsuTamesslinduanudimg

NTUIAMANBULIRNITUDIAINTURUSI TN [y AULSIAUDITINTU-DD5E Vs bae)
Uouussoulingse Voo uag Vi iousenulings Ve dlenasi udaviniswasuudasaiusagiy

@

Vps LAIMANSANAIATEWE I %GLLﬂmﬁqgﬂﬁ 3.11 Iewaanaauudsunnsiauls 3 4 lee
WANTUIRDMNAT Vs - Vi UAZAT Vo 71D
1. goaiupamnlihiingsus (Cut-off region) NS UELATUIMANUALE e Ves < Vr
2. rahnseudlidnmnsotisdudu (Linear region or triode recion) il
Vps < Vs - Vr

3. Innseuadud (Saturation region) Wi Vys > Vs - Ve

2.3 NMNSAATIZHAUNIINTEUEVRINDEANN

NISRIFUNTTUDINTEUAVDINDALAN FIUAMIAIUAUNUSTEUINNSZUALATU-USIF Y

LATU ALSIAULANAIAINAILG

S Posubstrafe o

i
@ Depletion region

(n)
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37 212 n) lassadadunoaminslinidusuduud uas 9) sUserestamaiunsyuagn

witgnu bmnetulagwnm

finsangUit 2.12 Fafludnmeadueaisdemmifunsauagaimileni Thaedhls
g Ine Vs > Vs - Vo aghliimiuiudseau Q, (AORTSI9TLT) Lﬁaﬁmmmqﬁné
Ve Wl Aneas il ufienauny x usasiuiavitingsas sxmoannalfuns tig a1ansniivi
A sualadfiansesauanasaumtaustunudauday 9(Ar) lagarfiinad1ul

(8 =qun_ ) iile n, Asmmmuiiuresdidnaseu (deminsliuns) fednainauenie

WA UAADAYTDINIAUNSE LA

A1N50WIAT Q, 9N

Qe Loy (VGS . VT) : (2.2)
dioslusadiu Vo L‘EWZJ"IQ3E‘i\‘1NEﬂ,‘ﬁ‘d%Mﬂmﬂiﬁﬁ!ﬁgﬂmﬁﬂ’sﬂﬂaﬂaﬂ
Qe(x): “Cox [VGS = _V(X)] (2.3

Tudaanafunszuatoninnumuniunaieais  nswasuwyasvesauiuluiia

Wulvgradadu fansanludnssesmedun (Ax) anuinumu (Ar) azvhliiieussiuan

ATty Av
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_ av,
Filx)=— - (2.4)
dx
dv, =I,dR (2.5)
g dx dx ok
S - (2.6)
o (ap, Jow) = e,
[l I alx
dVvix = 2 = & (2.7)
— WG, LI, WV — V=)
pox = _/UCOXW[VGS Vi &P )]GVX (2.8)
TurremngnTeatasmadiunsia L Iusefuanaseiamunte L Fran
L Yos
J’Ddx il _[)UCOXW[(VGS V)= Vi) v (2.9)
0 0
. Ves Vo 7Yy
J"Ddx v Jﬂfodo[(VGS _VT)_V(X)] (2.10)
0 Vs —Vr
V.-V _—V
2 |GS DS T
Ve =V —V
fos(t*o)—#foxw{( s Vg V) } (2.11)
2
Yes 7
v
Vee =V, —V, Ve —V.
"DSL:/JCDXW\:( G5~ VT DS) ___(65 T)Z} (2.12)
2 s

(2v s — 2v, =V )
Ipst = HC W = ZT = Vos (2.13)
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WedngUaunislmiaglain Tugnudaduamuduiusssninnssud s AUUSEU Vo,

vomsnBameiazeglusuindades (quadratic) fie

2
YV,
Iol = HC W] (Ves =V Vs = % . (2.14)

%30

2
w Vs
Ip = HC oy T (Ves =V )‘/Ds - 2 (2.15)

1ng Uunuuea Kp An-Process Transconductance U94nIsUIUNITHAR (Lﬁaamﬂ

wisfwasnanuduawizlunssuviunsudnnuileg) wazliowan 4 s Gain factor udn

4% w
e ()40
L L

ALAINIZUA-BSIRUTBMBaNI LT A DS =Tl

2
VDS

Ih =/ (Vss —VT) o (2.17) |

oy 4 fe AMenuedesndlumsieiouivelssawive (Mobility)

C,, A AmmuglWihifinain Sio, ssniunniugesmaiunssua sevioy

e 2
WuUN (F/m’)
w,L AD AUMINWALAINIVDITDINILAUNTE LA

B= Kp(——) 158n737 Device Transconductance.

K, = HC, 38031 Process Transconductance lagiipnuas K, uas g fimheiu

AN
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2

v
' o Ds
luang Ohmic w3e Triode ‘VDS| < }Vﬁsl “]Vrl wio Vo,| Haen ¢ fatiu wald Tu
UM Sh (2.17) aziAInauaInsafniala aunis (2.17) Jadlauszananiu
Ip :/B]_(Vcs ~v) VDSJ (2.18)
nsaursmsudanasaumliiln Tutuzi Vo lang wia |V, | <[V —IVT‘

FANTHNNIVINULI Ohmic U3e Triode Region A1U84nEuaIAsY: [, viilagUssui

ARAUNISN (2.17) waansTanasasiaioulunnuaiuyg Tagaaudiumiu Ry 3wl

AuUszanandu

924 Active ©58 Saturation 38 Pinch Off
Wi Vis AUlUBnauienniin auudg uii s mues igeaniuaunseua asvinld

a i ) & ' o - AL o i =
\fin inversion ‘layer Fuagwauysaiiazldiduaidnaeld nmsviouluaniay Active wie

Saturation UBINANIIUTANADS 'VDS Z’Vﬁsl—iVT’ Taonasunua Vs lugunish (2.17) me

o | [} ] a ar Ve = =
]VDS —|Vﬁsl*|Vr LROUNANATOUYDIUAUNTE LA FxaamIRgh Ve _lVT’ NSEUANIZAIN
(Bu6i) Uity aunish (2.17) sdseunandu
Jo3 ;
Iy = 2(Vas _Vr) (2.20)

VDS

Faugnsliiuimmnusesu 2 IVss ] . |VT \ UABWIINU Vs UENIUSIAUNImane

ATU-FIUTDY a7 Ussuaasdamnmad Quiu Vas ualai@uiy Vi)
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2.4 audnelau 3s NITUAADUANLAUTD

B 37189UIENINNNSIUAIULUAIUDINSEUALASUAUNTHUABULU AUDALTIAULAY
Turmgiusanuasuiidiad dasrdrutigniismianumhdislou wie nsudasudnuaud
(Transconductance) FafunisifimesndAgvoeamndnaviliuanalssdnsainnis

PNTUVDIUDEANN LAENAMSIUARADUA NLAUTLAWNINU

8"6 (2.21)

YD Constant)

NAUNITH (2:221) Armiaislow ¢ AANeREIAVERAIINISVYI8UDIUDENN

Avsanngmasaedludi@amnasiangudu wiuluannisn (2.17) aslugunsi (2.21) 9

mlaavesnihmeley ¢ lugiadaduan@oulmiu

4
gm(Unear) = /BVD A Coxun -ZVD . (222)

NENNISA (2.22) agwuriamivesanuiinigloulutiadudn asuuslaensanuan
YIULATY It uRULSIAINT WasRTALBA YN ULE Y98 NIsLAATURE
nanelunsEuaAATUSNRY RatsanAwasannoslauluteeud lnenisunuainssualu

AUnsh (2.20) asluaunisi(2.22) aziiaiilu

Sml(set) — ﬁ(vcs - VT): CoH, —\Z—(VG *VT) (2.28)

INAUNTITN (2.23) Arvasauiinoelaulut199umi 9suUslagnsanuaAIvDaLsInY

&
as

v Taglad@udunsatuiasuy yannidadu

s [ ]

U3Us1 Aran wadadvaanmelugamiaiy

ASTUE LAZUUINATIUNILAZALIMVDITOM NAUNTTUAVDMDANYIAIY  NTDDNLUU

wgain lnemluudrzeenwuuliidinnimglau ¢, A uaslvlinnnanugives
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Foamaiiunseuaniony wu desnit 1 lulaswas (1 <1m) deldusauinimmnily

MU uazanIminuinuhgalafvu

2.5 HAYDIVDINIALAUNTIUAVUINTU NIoNAVDINRamNTNvUIALAN (Short
channel effect or small dimension effect)

MOS transistor asiingAnssuilunuy short channel lieaagnd (effective

length) vasanimmes Ly flvunlndifios wse egludwiv (order) Wenfuamumunues
g7 depletion #ispufe source waw drain WOANSIULUY short channel fAnaan
U31N9M3INNNMBIN 2 Usznisae

1) mstaindfnvesninndudouass (drift velocity) Tasdidnmsaulutonimme

2) mMsasuiaswpIlsnulUnEy (threshold voltage) HID99MMnSUATUABIY LN

WIWe

©

Wi9 Vi fimaaiu (eufiu V) aunalwihninuinfdsiinaTusening gate fu source
faeiiAgaduiay iliaansofsganmedasy Bidnasew) Turonimmzlduniuuazis
Puniudial wanesdulngissgnigalbildasaunuethmunuduiivinaldty oxide msndos

ijww3ﬁﬁﬁmmmuamaxﬁmmwmLLﬁwmwwmqﬂ ALVNLENNS Ao UNUDIN IR DTS

@

= oa

(D1a

a a

nasew) Wilulienndnm desindasinssuivounia Gandusifinaseudassuas
figninilenin) sxgeifiatudg

SR Vs 1ﬁ@aﬁu%uﬂszﬁ’a Vis = Vipsap 1087 Viear= Vs - Vy 9z¥liiinnns
91ARBY (pinch-off) YBIVBMINAUATELE ITRAATUUIIL D Wait Wlo Vo > Voo 0
pinch-off azideulundadnies Ghlkmmevesosmaiunssua asan L Wy L),
wEnasagU 214 (n) guidleuhmolideulsil nszua i, ssvgelnaiiiesndemmaiin
nszua lSigndaua agndlsimudaiifntufenssuaasdendlvany nsedidnaseuiienn S
Lﬂﬁ'wajj'*ﬁaqwml,auﬂszLLaﬂazﬁmmL%”Ju'ﬁﬂ%uﬁ@&]ﬂmumﬁqqm pinch-off  BiiinAsauvzgn

aunuliiin szwinagm pinch-off waruim D nabidiluguion D laetasiasy



27

A519% 2.1 anmzuazieulanisiinvemnaiunszuares NMOS:

Vin > 0, Vpsar = Vg - Vi,

anne wauly BOINNLAUNTL IS LSIAUANATBY
Fnoan (cut-off) Vs < Vi Taidl Vpsar < 0
Vees Vo, AT INIAUNTE LA
Inslon (triode) IGE LW drain uay Visir > V> @
Vs <Vpsar source
Vs > Vi, — -
= YOIUINTZUAAATINUAY
waAnyl (active) ey Y . Vios > Vipear > 0
DUSIAUANATOU Visar
Vos > Vigsar

‘915199 2.2 anmzuazideulunistintesmafunssiaas PMOS:

VTp <0, VDSAT I ng ) VTp
anme wauly YOIV NAUNTELA USRI UANATD
Anaan (cut-off) Vee < |, s Visar < 0
LNATDININAUNTZLE
Inslon (triode) | Vig > Vo, [ Uaz | 589994 drain Uas Posadof Vp > 0
Vg < Vigear source
| | ' ° )
.. KNS |VTp]gLag YUINTZLANAVIALAL
waAny (active) 1LNAN® Viep Voear 400
VQD > VDSAT HLIIAURNATDL VDSAT

= a1 o X | s a o« = s
VEUTN Vs UANNUTU AUARDIAIUDIBLENNTOUDHATY (Electron Mobility) 9zanas

Wafisuiu luarsnedminiily wansevvvesauiulddiuuifsiidnennunasasivag

dianaseu K, p annsoussersldlasgasussanandamaass (Empirical Formula) sisiffie

My
Fret I+ 77-("/65 "VT) 220
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Fng ™ Toser

L

source

o

= psar

Yop

3UN 2.14 () uaz (v) MNeMTeITBIINAUNTSETIanawTD Vas > Vosr

D3N Vo = Vo = V(150 Ve = Ve = Vi = Vper) MBS asuNnnAsed channel

WHIAWNNY Vpsar Lamadanalnt [, Inadeudnanad uazauuliiiaseusswinge pinch-

off fuuSvanasu fio V, /AL silivavesosmaiunssuanareiiy aamerigesmaiiu
nszuaUszansna 38 Channel length modulation effect: 90 lp= Vpsar /Renonnat MU
Uﬁﬁatﬁa Vs tisTuazvinlif 1, Qa%mﬁﬂﬁaﬂ [ipsanmsnavaiteaiunssud asvinli
Rchonna! anan

wonantlumalfufussiussninavohuassesaasiili vy, danvasuly Seiayly

2
L=}

dananonszid Ip 15N3eNUSINgMIaiili1 Body Effect
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Wa L, &9 anweassaiioaunu Wi disedus

NSLEDU NS UAIDIAMUAABIFIVDININEDASY UBNNILYIIAIILEILITIVEE MOS
transistor  lunisdtenszuaanandaldluivAsunlatanuurautanssua-usasuTe
transistor 930 yinszuavieanisieulUludnvausibiDudadufiudy @ neudel
P & a =] o P a oo v 2 @ wa ay g ’~ @ - 2 X P
wesasluliadfsiuensludamdnluime)  dovusanUanlildudadnfuiuilaed

AMuEIRINNlunISeanLUY Analog IC

2.6 MSATUANLTIAUAALSTY

WSIUTSY (threshold voltage) \Wuilsiduiiiatuanmaluladnisuanuasan

=

nsUszgnAusIiuluLed | Ve sashivunavesgunsaianas lumaiinaglalifisanss wazen

threshold potention suiluienduuns LW uay Vs

antlead winefawswdludaninnentesgnininlmninnig” anssaduriostu’

= =5 o < o w At = 2 S T =
vidoonaninefiauseduion deitnavialy @, = 20, wav@ouuwnudne v, useiudincy Seidu

'
o =l

s ines g Anianotimissodnsnulanesuas uitsriuintuanmealuladnig
wdauazannTIUssanALSIRUlULeE Vi, tusTinnavesaUnsalidnas lunaiitorbiiteanse
wazAl threshdld potential agiluiardduves LW uay Vye

nsiRousdnEe  @mastesuisldannsanualiusiuaredng depletion
%uagjﬁ'ummaﬁuﬁlﬁﬁummm uazal depletion charge awlanmiliiinauiulnvives
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4.2.1 29958sViaUNTENa (Current Mirror)
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JagduiimsfnAuiaasagvieunseuasenumatskuy Tuuniaznanivnmsasvounszuan
wanldan laun 2esagviounszuawuudaduuiuyss (Improved Wilson current mirror)
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NFUN 4.3 Asandilvuua A liemAnszua /, fail

I =lpps — Iy (4.1)

AIUUNTELE Ios MILARIN

1 w 5
loms =~ HCox — Vgsps —Vr) (4.2)
2 L
WS Vs MNFUA L3 1D Ve = Vg UaS V' = Ve MLAIN

R ARV, O NGNS~ ) (4.3)

a oMz

WNLAT Vasys adluaunis (4.2) Taaunsi (@.3) Tunue fps Aatiuaiuases f Ihan

2

1 74
/2 :E/Llc‘ax T(VDMQ _L/GSMZ HVT) _'/X (aq)

s

MTUATIIMIAN Ry VOIMRTASTBUNS s U adUUSUY s somlaadl

Rout = gm1(5~’m5 /gm2 )rolro5 (4.5)
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2993AIUANNTZIE (Current controller) \lunsasfiviminfinsuaunszud Tnanisaauau
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1 1% 2
by = Ml [“ (VGS *Vm) (4.11)

/
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1 W
Vir = Elucax ? (ngs_%s_vm)z Ao (4.12)
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AN IUTAADTVIMAUTTUBLUN (Enhancement MOSFET) w3 auaannuyuuua
WHRAINMsten (Induced channel MOSFET) wuneds ueansiuidinesdailousemui
wnlugudliad azlifiuvuuualindiu nszuansuliilva niugawesegluaniiy OFF us
P v Y= | = i ° v a & da
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UDEANTUTARDITUAANENTU (Depletion MOSFET) ¥30 Uaddnillinann1suns
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#5139 (Diffused channel MOSFET) nuefis ueansiudainasdaiussiuiitnmueud
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Tad Afuruwuaiintuly saiidessniinisunseznenaside weldAnduusuwa fudy
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MOSFET) vimmihiliu3sutaitaweded ansaesurglamnnswauaudfszwinansvuduas

w39siu (-V Characteristics)
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Anszud fp sgliTuegfunssulmdos vy, udssduegfunseduszrhansesauayriasy
(Ves) waztJutoamaiuveenseiansy

Tummxﬁuaawﬂu%ama%waq”tuamqs ON wWisuaiauiunsUaniees wuLLavea
puiumudnsiloglifavifuguivse Rpsey Saniesun warlunsdd v, fdwidu
LOW wiauifiugud gan1svihniuvesueansiudaimes (MOSFET Q-point) az1dauaingm A
Udqa B Amdumussuuuaiidnann fiulunuaniituivean swdanesogluanoe
OFF wWisutailoufun1silniees  warliinszualvadnluluwsunua wasdusaduiinnnm
Yoo udanesiidnuuziduiuulen (Toggle) feaglu 2 dauz fio LOW waz HIGH
wpavsdameSarUsEngAduduadatniaiion 41ie7 (Sinsle-pole  single-throw  u3e
SPST) Ynthiita-Unaees Tusduvuresainduuulednaism (Solid State) Faluineniinusi

L5 AeNTEIUNISYNNUYaL AN SILT Ao ATl

Cut-off Region

Switch

I “OPEN”

3UN 4.7 uansmsvinuveseavsuaineslugudoev

2

NFUN 4.7 Wutaniudawmeseiiaiau (N-Channel) Msyhauluguitdaulad

wsenuauymnvaniisiafugud (V) assuaasuiiiugud (p) uasussiuienyinn Vs =

2
@ s

Vop AatiuneansdaineidsusenaRfnduaiminuy “Fully-OFF” anaudRluluun Cut-off

as

d

pine)
by

- Bunivinnussfusesiiduifuaudhaduiewiiunsud v, = 0

- wsduiiriavaresafedianiasniusstuiacy (Threshold Voltage) Vge< Vi
- weanTBamaidessyngAsalu “fully-OFF” (Cut-off region)

- lufinszualvasuludwnesu ()

- WU Vour = Vet Vpp= “17

- Tuguilneanswidanesiannuaiiowdnims “open-switch”
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Linear Region

JUT 4.8 uansnsvinuveseansudameslugudiies

lunsidengiunisiinruvesueansudanesidsewginnduaind amsluaves
nsvwalidudrAn weteansudaned OFF  msazldfnszualualuias (p,=0) uazlle
weanIudanes ON aziinszualualiunees Falugw Linear Region anaasavnaunisnisiva

Yaanszuansulanail

2
W V
n Ds
It Ay (VGS _VT)VDS e (4.13)

nguR 4.8 1 Jurpansuddimesuliadu  (N-Channel) lusuifunisviraulug

Linear Region lunmsvhnudntineansnianaivgsisalasumsludameusaiudigagaiion

o
o a o

NN LAEAIUAUNIBLTULUA. (Rps (o) ezilmanadluvmziinseudiasusiiamseiiudu

\58g99uisAIgIganIaiiendInselamsudusa i lineansnudainesinau faly
= = = Y a ¢ ol ' o < . = wa
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wseuBummimiiageaauintunssiulides Vs = Vo

- ussiufivinruazgedaiAuInn s uTaEY (Threshold Voltage) Vge> Vi

- weaEnsudaneIUsENgRRIagluantiz Fully-ON w39 Linear Region

2 ﬂ"ln‘asu,aLﬂﬁuﬁlwaﬁmﬂﬁqﬂé}’aaﬁFhwhﬁ"ué’mi'lehu‘umLLiqﬁu"Lngawiaﬁ'aﬁ’lumu
an Iy = Vpo/R,)

- lumgaued drumsinnureteansudamas Vo = oV
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- AMUAUMULTULIATTRENERAISTAEEENTY 0.1Q %38 Rpson < 0.1 Q

- udhuilueansudamesiiannyiatioutaneas “close-switch”
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i 1
MYVt ¢ (4.15)
DS ;
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U 4.8
VDS

AD useusEnINvIATULasvweTallaSdidinuaies Ui 4.8

Ip Ao nszuawmsunlvaluteansudawmes
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weansudaneiiananlunsussnnismiluaindiweansudanesyinfivasniudames

a o I %) 2 ] a ' e w o = =
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4.2.4 deyayany PWD was PWU (Power Down and Power UP signal)

o

foyeuned PWD  was PWU Sandidgsateasanninsw Uueded iesanduau

mnarilusmimusnisyitueeaindniolusesanriven Insdymiadina1nldaness

at &

duneined (nverter  circuit) NRBunmIndygruwad Wnoilaunireiadiviafiu 0.1

@
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Voo
_ﬂ_ M16
PWD PWU
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3UN 4.9 19958u185983 (Inverter circuit)

29959U85MBIAN UM 4.9 Usznevlumessansiudanesulinfiuasuiinbgu Aa
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nudgeanewinn PWU =Ltow luviuesatmeasuanstdeudymaudunn PWD=LOW

<

e

a 1
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+
Vgsl? Sm1 TVgsJ‘? To17
°

5U# 4.10 13siaiiouveasduniesinesiutie saturation

NFUN 4.10 NTOUATIAMIAT Vi, WAz Vi, Ml

Vion =Vesmi7 = Voo ~Vsais (4.18)

Vout =Vos17 = Voo —Vspis (4.19)



60

[
5 '

AMANUANE1AY18919358UIesInesaznanlunilliun Voltage  Transfer

Characteristics, Noise Margin Wag Propagation Delay anuanau

4.2.4.1 Voltage Transfer Characteristics aaautfinislniivennn deueduislu
anwuzeed Voltage (DCQ) Transfer Characteristics (VTC) ﬁﬂzﬁmﬂ%’a%mmmﬁﬂmu
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weansdawmeivinfiuazduinnululuundus suuddldunsiauenaswazauns

MAeNUD9941
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oul P inlinear region
L 1
N ojfl 1
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i o { //
1
- ! ! 74
(2Rl IR B ) o
2 T ] : (/
B | # ®
II{n='§mv Z Nand?P
I ! /iy~ insaturation
I A
¥ 1 b ]
DD 1 1C Slope= -1 : s
S IADI— = T £ T AR {7 P in saturation
( 2 ) ,.!f. /7‘ _i_ N in linear region
; I ]
V4 1
V45 R L Poff |
b // ] 1 - l]} I >
}OL =0 I} ;/ x ;l- y T =tin
7 ) 5 L
0 T i T e Von ) Yo
Yop

lu]

'SUN 4,11 Auauifvernasauneines (Voltage Transfer Characteristics)[18]
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| 1 { 1
1 . 1 :
! I
I 1 !
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% § ! [
Dp | 1 C E
2 1 K | A
1 / ' ]
[ 7 b
1 ’ I 1
| f, I 1
} f, : 1
| 1
! '/ : D\\\ : :
5 E 1 Sy B 1%
r il ’d £ i3
T ?—D Opptiz) oo

5UR 4.12 929m5¥nues e seuiesines[18]
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ATV NIUTDCNITOUNDIADITH 5 ¥19Ral)
Region A
- mvualalay 0 < V,, < Vip

- weanTuTameiuiln N agludi Cut-off dyuneanstudanesviin P aglug Linear
- lpy = -lpp= 0

- Vosp = Vour - Voo Tnefi Vbsp = 0

-9zlein Vg = Vip

Region B

° V
- mvualalag Viy < V<22

2

- ypaNsIUTamasua N atflug 4 Saturation d1 weanswdanaiuiin P aglugu

Linear

Region C

34
as

1 ueansiuBawasyiln N uasusansudawmaiviia P agluaniiy Saturation

ATZUABUAIYAMY PMOS wag NMOS anunsaldsuiuanunisianit
gk :
7 :_—2—(1/,"/7 = Wi _VTP) (4.20)

/oM *; 6. A Vm) (4.21)

09 Ipp = -lpy 51916

(4.22)

NANNTA (4.22) dusimueln K, =K' waz V,, =V, azld
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Va= =Y (4.23)
TuAsuenlilsmiuin Region C Hognssiirmqfsrves v, wihReulaluaunmsi (4.22)

Wamanainivessdunesiwes suduganffaslunisviianu

4.2.4.2 Noise Margin Wuvnsfimeindianuduiusindifseiunudnuuzveausii
BuyuazloWiny Feivunruinvesdgusuniuiiansaseusuliisuw Tnofilidma

savnan iy tuAe v sdeansavheuldgnies

N

Gutput Characteristics v input Characteristics

Logical High 1 % :
Output Raﬁgel E?g

Logical High

input Range

' R | | Logicat Low

Logical Low l 1 | Input Range
Qutput Range 4

GND

gﬂﬁ 4.13 UEnaUURFYYIUTUNIU (Noise Margin)[18]
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#15UIFUN 4.13 Noise Margin 50U UlAR R IMIUNIY Wisiwesdmuinld

PINMITIIResuIe U JeludiudiAylumseenuuuiesduneswesivuiu Wesnmiy

2 i
< as ar

Aiildueningunsniiuifesedvuswiul ivilvs mneminirgunsaltunusedyaiusuniu

2 =

Iiwinlwsiiues SediidyagnasunnndatuaisssiniAadefionainld Faiudedinsivun

VoulRggavesdygsunuiduis liliidadeliananauasmsiine susafuiifa

NMH: VOH = VIH (423)

NML: V"_ - VOL ) (424)

- NMy e veulwndyansumugsaatuszuu Tunsdasdndu “17

iy
- NM_ fAe veulndygusuniugeaatusyu lunsdasiniu “0”
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- High - Level Input Voltage (V) #® LLiaﬁuauwwﬁﬁai%ﬂu HIGH
- High - Level Output Voltage (Vo) Ao ‘Lmﬁmmﬁnw‘twmzﬁmwﬁwm“ﬂu HIGH
- Low - Level Input Voltage (V) @@ LLsaﬁuﬁuwwﬁﬁa’m‘fﬁu LOwW
- Low - Level Output Voltage (Vo) Ao ussiutowimmluvnziioninmiu LOW

- Supply Voltage (Vyp) Ao uswiuliasedwmsulimeasviau

4.2.43 Propagation Delay A8 Aliaimsuilevesdymin Wutiawianfiniaa
wasandeudyaaBunmuay witewimmdsliifatu n1siasanyamvusazAng 50%

VOIUNAFY Y IUBUNNULALLDYININ[18)

5‘.’ [ R i
input 2% N 30%
9% BN N
|
D SAGIE. g
outpat oS0 [ 506%
PP 1N W
oy A
i
Folr' Tein

5UM 4.14 anan1aniasuasdaeies (Propagation Delay)

#215015U% 4.14 gun3enidn Propagation Delay time (t,). lsian

N\
PLH ) (4.25)

loe#h

t, Ao AwaINIMUNvesEgIad (Propagation delay time) (s)
ty AD AafieIInNsWasuaaus HIGH Wy Low

toy, AD AEIMARINNSWRsUEa WY LOW (Hu HIGH
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AMT8BNALUUTUT ﬂsliiléllaﬁ‘w3’11&%?&@8%%LﬂﬂJ’IE’;LLfiﬂ’]iﬁ’N’IU'N’i]‘iauL’] a‘%ma%ﬁ’uéfaq

b 24
A =

A0 IUTIAUTATY (Vi) T0915A8 V= V,, = V,,; Hiausansiudamesvasdabunasi

naululyum saturation g9il

Kf
- (Vm mvrn)f = —p(VDD ~Va—
2 2

Kl

i )Z (4.26)

VT

Vi, A9 UsinudaBuvasdunesinesinenueansudanesoiaouuayiviaulu

Iy Saturation (inverter threshold)

Saniy
e V. KK (VDD > VTP)
i (1+ <K, ) (4.27)
Tnei
() |
K 22 998
J )N 3
< Xy (4.28)
/Llﬂ L
L n

1 (3

P ' -y ' 3 i :
WINTUAUNTIN (4.28) “*“U’.}’i"LM‘WUW%u‘uau‘ Cox W50 ﬂ”.mtﬂvﬂ'i;'ﬁ;“.".“d".{,f‘*"f WU

wiheiuilissnnarsnldduawunvnanduassdaien iy 1Weswinniseenwuuiiaiy

2

V| way K=K deduaiuisam

Tp

AB9N1IMITANITN19IUYe9sARNIaeTY vV, =

2

) ' w = & a s var
DATNEAIU — UNUDANIIUDALR a'ﬁm%’LUﬂ’]c‘ia@ﬂi.LU‘U']\?QiE’JUL?E]ELG]a ﬂﬂﬂ@u
L

= (4.29)
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qunIsh (4.29) AemMssudnduvesAIAuAiavesEINIne (1) Alaan
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1.3 199saAiNSniviimseenuuy
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NFUN 4.2 1 Juiugiun1sesniuuaeasantinen delsznauldiie 3 @ dauusn
Aounasiel Fwimihiduuwndstulianssua (Current source) lapldiasasiounszud
' = = = W ° v o a
dufiansfa 1995MUANNTELA (Current controller) lAuTiussdiu Vs vimmthiduduwm
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e =y

M1z
I
| lsmas=— Current

VYor Controlled !
M6 i

PWD PWU [

Current |
mirror

~ 1 £, ” o = 5
3UN 4.15 @udsznauitaTantsvion (Start up Circuit)

v A e

fi91sanfaguR 4,15 anind1inthadugiuy sEneuvesasasamindnitvinnis
PONLUULY 9203 UN8dUYSENIULDIBIUAAEII9T dIUNTTALTOUNTTLALUUIAFY
(Wilson ~ current -~ mirror) fildueansiudains ssvinfinazidu 29asasviounszua
ueansuTawmasuiiaey (Current mirror NMOS) Uszneulumeusansudanss M4 uaz
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Usznauludayeansiudamasisstan M14 wazafadu M15 laenisldueansiudaines

2/
=

Wuaindiavyhauludneusfilnea Ao LOW way HIGH laedoudunaiad PWD uaz
PWU  dyaailldainiesduiesinas Uszneumoueansudanesadafl M16  uas
veanuTamosiinadu M17 druiiaiy 1asmUANnTELA (Current controlled) ¥uthil
auaunszwalasusaduludaninneuanifuises annsauiuawssuiaus 0-5 Taad
Usznevlumuoueansiudawmesuiinbgu M6 wazailad M12 lasfiomviynda nszud leranr T
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1
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1) NSERAANTEWE lsrarr Iﬂﬂﬁ’iﬂ’iM’]EUﬁ 4.16 diorsaslasudumna PWD = HIGH
waz PWU = LOW vhlueansiudames M14 thnssud eswinussiuiivinmuasgesaves
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Voo M10
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PWD PWU iLs Israrr
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(4.30)

(4.31)

(4.32)
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K'( W
! ouna :;(_) (VPWU e _VTP)/DS -
14

(4.33)
L
K'( W
T =1 (]Vc;s — W )Z (a.39)
L 12
_ k(W ¥
Mg =1 qus _(VDD _Vosarwa))_vosammo) _| I (4.35)
ANE N
Wae lpmio=/pms
IWIO E-IDJWIZ _iDMfﬂ
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-y = 2NLJy : 2N L/ 2 (4.38)
*Lows (W/L)s
w/t),

AMNITEUE Jsraer WILARTN

ISTART = lDMIZ - IDM:S (439)



70

ﬁQﬁUﬁq NILLLE !START ﬁa
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3. Digital worst-case timing analysis 4385w timing problems Mnndula
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LEVEL 2:

lunavzisaguuiugurastatn Seldseazidoameiidndlunmsmannisvesd
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5.3 The BSIM3V3 SPICE Model
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luusiag category Hamislaulunseuatiuasnansasly

A9 5.1 Wiimesillulusunsar SPICE Parameters 189 SPICE Model 3-6 BSIM3Y3

model

Description
Parameter Category

Selection of level and models for mohility, capacitance,

Control and noise

LEVEL, MOBM®D, CAPMOD

Parameter Category Description

VTHO, K1, U0, VSAT, RSH

Parameters for capacitance computations
AC & Capacitance

CGS(D)O, CJ,-MJ, CISW, MISW

dW&dL Derivation of effective channel length and width

Process parameters such as oxide thickness and doping

Process concentrations

TOX, XJ, GAMMA1, NCH, NSUB

Nominal temperature and temperature coefficients for
Temperature

various device parameters TNOM
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A9 5.1(519)

Bin LMIN, LMAX, WMIN, WMAX

Flicker Noise Noise model parameters
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5.5.1 NM5A1ADINITNNIUNATAZNDUNTZUE (Current Mirror)
mMnadouUsEaNEAMUBNITaR SNSRI EueldlUsuNSY PSPICE Tunisvagey
Iaelivsudaneimalladuvviueaviniu 035 lulasumsagldundsoliidos vy,
windu 5 Tan
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WUALTIAUTRNATEN Repp HAZLSIRU Vs UB9UENT TGOS M2 Rarsaniilnun A tiem
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(5.2)

(5.3)

(5.5)

(5.6)
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e
V, @® AR UNaaaU (Test voltage)
i fo U unIzanAday (Test current)
o A AU LTI UN 1D WINN(Q)
n D e umuaiiounBunn(Q)

125307 5.1 ilunisesnuuuisesavsiounssuafiugnuildlunissrasanisinau

WSUNENNTH (5.4) nuhAmisifinasiialiinanonsiasuLUaueImInSSua foaer 1
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ypansdawmas M2 191 0.35,0.7, 1.05,1.4,1.75 luasaunudisu wuinnisiasuaing

ATNUDIBANTIUTARDSIAANTEWE [spanr WasUlULERIRIANTNATY
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5 Than
f:;'lﬂ‘ngta'rSTART ﬁqﬂigLLﬁ,START
Wiz Wit L2 T o
AldanAnun filaanlusunsupPSPICE
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(mA) (mA)
0.35 0.35 . 0.35 0.807 0.821
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A1519% 5.3 (A0)

ANTEUEA cTagr ANNTEWE sarr
WMZ WMI LMI,Z e Fogs
AlAInATLIN AlaanlUsunsuPSPICE
{(um) (pm) (um)
(rmA) (mA)
0.7 0.35 0:35 1.497 1.518
1.05 0.35 0.35 2.091 2.116
1.4 035 {:35 2.607 26355
175 0.35 0.35 3 058 3.09

35

3.0

2

2.0 7

lsTART(IMA

—e— Calculate
—A— Simulate

T3 |

i |

5 T T T T T T T T

2 4 6 .8 1.0 1.2 1.4 1.6 1.8 2.0

arndTesisanudaned M2(pmn)

SUT 5.3 anudiuEsenINnTEIa e NUAINAIN M2 Aussaulnse 5 Tan

finrsanguit 5.3 fiermndweseansiudawes M2 Wousurmaunfalinniy
Huwihdrinldenszuainiuiiosnuunnuea fompr SenueamsBamedifiusnntuvinli
aszuaansaluatitugaaiunssua (Channel) lﬁmﬂ?ﬁu

Lﬁaﬁﬂmsﬁagﬂﬁ 51 nfiansaisiuiEeanistounuaissnsaiilinss Ve,
TH U995 OIS ULUAIUDINTEUE [oeer TLRRTUIEBUMA ST NBUS s AT R DUl
war9asfansenunsavinuls Anrualvunasnsuseiulvng vy, faust 1-5Tad Tnoiudiay

11aA1IN1591889NSHITUNANUN I UDILRENITIUTAADS M2 wWinfv 0.35, 0.7, 1.05, 1.4,

1.75 luAsau mudneu fan1s19n 5.4



A1 5.4 WioUauuvastnsusanulnngs Vo, faus 1-5 adiianuninewes

HIANTIUTERDT M2 A9y

UWHESNY ASEUA lgrap{mA)
usanulvnss Wio/L(pm)
Vip(V) 0.35/0.35 | 0.7/0.35 1.05/0.35 | 1.4/0.35 1.75/0.35
139514 239511l 23951 239513 29351y
1
YIN9TU 19U YU AN WU
Z 0.009 0.019 0.029 0.039 0.048
2] 0.0%94 0.187 0.278 0.366 0.453
aq 0.291 0.564 0.82 1.061 1.289
3 0.619° 1.167 1.653 2.089 2.482
3.0
—z— 0.35um
2504
20,
z
& 45 A
2
(i o
AN
_Lr']
ooy
; 0.0 1
15 20 25 30 35 4.0 4.5 50 55
VppV)

SUT 5.4 anUEiUSTEWINNTEUA fs4er NUINAIDBUTAULARNTY Vip AiE AT

YDAUDANIIUTAMDINUANFNAU
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RNTAUNFUR 5.4 INTEUA [s7aer wUMTTDRBUMEIBUS LIRSS Vpp T uneasTu

LAAYAINNINUDILBANITIUTAADS M2 wuddlanAnunduduidadulasiunasdng
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ll@ﬁ‘ﬂ‘i“]‘u%ﬁLﬂ@%?}ﬂﬁ’lﬁ’]ﬁ’lﬂiﬂiiﬁuﬂguﬁ’s (Saturation) Ausenulnnga VDD_IU“&N%"@Q‘]Q'@
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NnANsTInanINassshitenaadliuI A AuE MY Rem 7197
WNTLUE Ispaar =/o-/5 TULAAZANUATIVDINDEANIUTAIADS M2 TASR MUARINTEWA fsanr =
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AN5199 5.5 ANUNSYRIoaNIWTELRaS M2 111U 0.35, 0.7, 1.05, 1.4, 1.75luATU

WA Reppe MINSANLDATAUATANTZWE fsraer = 1MA

lstagi (MA)
Rerre
(@) Wi/ L{um)
& SEDMO. 38 1 "ONDAAD G A DM R 3D/ QTR (t.7540.35

1 ‘ 1 (1994 §.999 0.999 P99
10 0.996 0.994 0993 0.991 0.989
50 0.981 0.973 0.964 I8 0.947
100 0.961 0.946 0.93 0913 0.897
500 0.835 0.766 0.702 0.642 0.587
1k 0.706 0.595 0.499 0.412 0.339
10k 0.134 0.082 0.059 0.046 0.038
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12

—®— 1.75um
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MOSIS Ju BSIM3V3lauaa TO5Y

MOSIS file hp-gmos10ga/t05y-params.txt

MOSIS PARAMETRIC TEST RESULTS

RUN: TO5Y
TECHNOLOGY: SCNO35

VENDOR: HP-NID

FEATURE SIZE: 0.35 microns

149

INTRODUCTION: This report contains the lot average results obtained by MOSIS

fromn measurements of MOSIS test structures on each wafer of this fabrication lot.

SPICE parameters obtained from similar measurements on a selected wafer are also

attached.

COMMENTS: SMSCN4AMO4_HP-N
TRANSISTOR W/L
PARAMETERS

MINIMUM 0.4/0.6
Vth

SHORT 0.4/20.0
Idss

Vth

Vpt

WIDE 0.4/20.0
IdsO

LARGE 50.0/50.0
Vith

Vjbkd

ljtk

Gamma

N-CHANNEL UNITS

0.63volts

509 UA/um
0.64volts

10.0

0.3 pA/um

0.55volts
9. 7volts
-21.8 pA

0.6a V"’

P-CHANNEL

UNITS

0.63- volts

210- uA/um
0.65- volts

8.7- volts

0.1- pA/um

-0.64 volts
8.5- volts
3.8- pA
0.64V "
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K' (Uo*Cox/ 2) 74.90AN 19.6- UAV
COMMENTS: Poly bias varies with design technology. To account for mask and etch
bias use the appropriate value for the parameter XL in your SPICE model card.

Design Technology XL

SCN4M_SUBM (lambda=0.20),

HP GMOS10QA -0.05
SCN4M (lambda=0.25) -0.15

FOX TRANSISTORS GATE N+ACTIVE P+ACTIVE UNITS
Vth Poly >15.0 <-15.0 volts
PROCESS N+ACTV— P+ACTV. POLY, MTL1- MTL2 -MTL3 MTL4 UNITS
PARAMETERS
Sheet 2.8 R.5 2.6 0.06 006 0.06 003 ohms/sq
Resistance
Width -0.11 -0.10 040%0.08 /7 0:04---0:102, 0.21 microns
Varia:tion
(measured - drawn)
Contact 2.2 22 2.0 IO (.56 ohms
Resistance
Gate Oxide 81 angstrom
Thickness

COMMENTS: N\POLY is N-well under polysilicon.



CAPACITANCE

PARAMETERS N+ACTV | P+ACTV | POLY | MTL1 | MTL2 | MTL3 | MTL4 | N_WELL UNITS
Area (substrate) 880 866 90 30 15 7 11 84 aF/umA2
Area (N+active) 4279 4419 1T aF/umn2
Area (P+active) 4170 aF/umA2
Area (poly) 67 ' o) P 7 aF/umA2
Area (metall) 35 1419 aF/umn2
Area (metal2) 39 16 aF/umA2
Area (metal3) 38 aF/umn2
Fringe (substrate) 251 255 46 43 51 16 aF/um
Fringe (poly) 76 40 |30 25 aF/um
Fringe (metall) 55 36 28 aF/um
Fringe (metal2) 60 35 aF/um
Fringe (metal3) 51 aF/um
Overlap (N+active) 314 aF/um
Overlap (P+active) 406 aF/um
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CIRCUIT PARAMETERS UNITS

Inverters K

Vinv 1.0 1.28 volts
Vinv 1.5 1.39 volts
Vol (100 uA) 2.0 0.24 volts
Voh (100 uA) 2.0 2.84 volts
Vinv 2.0 1.49 volts
Gain 20 -26.59

Ring Oscillator Freq.
DIV256 (31-stg,3.3V) 163.72 MHz
Ring Oscillator Power
DIV256 (31-stg,3.3V) 0.16 uW/MHz/gate
COMMENTS: SUBMICRON
TO5Y SPICE BSIM3 VERSION.3.1 PARAMETERS
SPICE 3f5 Level 8, Star-HSPICE Level 49, UTMOST Level 8
* DATE: Jul 17/00
* LOT: t05y WAF: 09

* Temperature parameters=Default

.MODEL CMOSN NMOS

(LEVEL =49

+VERSION = 3.1 TNOM =2l TOX = 8159

+XJ = 1.5E-R NCH = 1.BEL{ VTHO = 0.4945343

+K1 = 0.5775795 "N = 0.0196289 13 = 50.1745835

+K3B = -5.4008669 WO = 1E-5 NLX = 2.656872E-
7

+DVTOW =20 DVT1W =0 DVi2w =0

+DVTO = 3.5000168 DVT1 = 0.6894372 DVT2 = -0.0505123

+U0 = UA = -2.31305E- LUB = 1.599651E

414.5970065 10 18

+UC = 2.516452E- VSAT = 1.034623E5 A0 = 1.0102216

11

+AGS = (0. 1521612 BO = Bl =5E-6



+KETA
+RDSW

= 5 868627TE-3

856.1952908

+WR

+DWB
+CIT
+CDSCB
+DSUB

=.5052161E-8
=0

=0

= 0.4913595

+PDIBLC2 = 5.640127E-3

+PSCBE1
+DELTA
+PRT
+KT1L
+UB1
+WL

+WWN
+LLN
+LWL
+CGDO
+CJ

a
+CJISW
10
+CF

+WRDSW = -107.8071189

+LKETA

= 3.433316E9
= 0.01
=0
=0
= -T.61E-18
=0

E\L.Foh 7

=L

=0

= 3.14E-1U

= 8.829825¢E-

= 2053931k

=0

=-0.0230239

1.609643E-6

Al =0

PRWG = STHTES
WINT = L.OBZTO2E-T
KXW =0

VOFF =-0.1076921
CDSC = 2.4E-4
ETAO = 0.0286343
PCLM = 0.5674849
EDIBLCB{ = -B;1

PSRRED Ny & A INRATOARY
RSH =28

UTE =il 5

KT2 = 0.022

uci = -5.6E-11
WLN =t

WWL =0

LW =0
CAPMOD =2

CGSO =3.14E-10
PB = 0.8383668
PBSW = [.7823992
PVTHO =-0.014486
PKZ2 = 1.093866E-
5

PAGS = 0.24968)

A2 =1

PRWB =-0.0377146
LINT = 1.951685E-8
DWG = 2.671983E-
g

NFACTOR = 0

CDSCD =0

ETAB = -0.0155267
PDIBLC1 = 5.299936E-4
DROUT N\a\1.005113E-3
PVAG =0.289713
MOBMQD = 1

KT1 =-0311

UA1 54389
AT =.3.3E4
WW o1 PH182E-
15

LL =0

LWN 1

XPART =04

CGBO = 1E-9

MJ = 0.3776716
MJSW =0.1

PRDSW =-84.2871115
WKETA = -0.0127539



.MODEL CMOSP PMOS

(LEVEL =49
+VERSION = 3.1

+XJ = 1.5E-7
+K1 = 0.7398964
+K3B =-10
+DVTOW =0

+DVTO = 1.4673449
+U0 =
113.6088323

+UC L4 7 53685TE;
11

+AGS =0.1614564
+KETA =-1,36247E-3
+RDSW = 2.199672E3
+WR =

+XL = -5E-8
+DWB = 5.429291E-9
+CIT =)

+DSUB = 1.078147
+PDIBLC2 = 0.0871809
+CDSCB =0

+PSCBE1 = 4.191209E9
+DELTA = 0.01

+PRT =0

+KT1L = i

+UB1 - -7.61E-18

TNOM =27

NCH = 1.7ELY

K2 = -
0.0252358

WO = 1E-5
DVT1W =0

DVT1 = 0.6613983
UA =/95)4Y29E-
10

VSAT = 1.749434E5
BO =
2.412095E-6

Al =0

PRWG SO - 5
WINT = 6.898492E-8
AW 50

VOFF = -0.1150203
CDSC =2.4E-4
PCLM =1.0668929

PDIBLCB = -0.0908796

ETAD = 0.9917009
FPSCBEZ = 5.214624E-
10

RSH =25

UFE =-15

KT2 = 0022

ucl = -5.6E-11

TOX =8.1E-9
VTHO =-0.5909697
K3 = 53.8037417
NLX = 4.245804E-
8

DVT2W =0

DVIT2 =-0.2724619
uB = 4.886121E-
19

AD =\0.8021322
B1 = 5E%6

A2 : 1

PRWB =-0.2326201
LINT = 1.009635E-8
DWG =/-1.146782E-
9

NFACTOR = 0

CDSCD =0

PDIBLC1 =-0.0274597

DROUT = 4.496329E-4
ETAB =-0.1779418
PVAG = 1.2581688
MOBMOD =1

KT1 = -0.11

UAL = 4,31E-9
AT = 3.3E4



+WL

+WWN
+LLN
+LWL
+CGDO
+CJ

+CJSW
10

+CF
+PK2

+PAGS

=0
= 4.06E-10
= 8.729178E-

= 2.223148E-

=0
= -2.7147322E-

= 0.1545)

WLN =1

WWL =0

LW =0
CAPMOD =2

CGSO = 4.06E-10
PB =0.99
PBSW ==(:95
PVTHO = 0.0100554
WKETA = -0.0169732

WWwW

16

LL
LWN
XPART
CGBO
MJ

MJSW

PRDSW
LKETA

= 5. 27182k

=0
&=
=04
= {9
= 0.5665906

= 01183219

= -230.1603394
=-0.0169035
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ISCIT2010 Wednesday, 27 October, 16:15~17:55, Room A3

WA2-3 Circuits and Systems 3
Wednesday, 27 October, 16:15~17:55, Room A3

Chair: Masaki Hashizume (The University of Tokushima, Japan)

WA2-3-1 A Multiple-Bandwidth 12-bit Pipelined Analog to Digital Converter with Self-Clock
Generator

Mahesh Kumar Adimulam, Bits Pilani Hyderabad Campus, India
Krishna Kumar Movva, Bits Pilani Hyderabad Campus, India
Sreehari Veeramachaneni, Bits Pilani Hyderabad Campus, India
Srinivas M.B, Bits Pilani Hyderabad Campus, India

Abstract— A multiple-bandwidth 12-bit pipelined analog to digital converter (ADC) with edge-combiner digital delay
locked loop for self clock generation and embedded sample & hold (S/H) circuit is presented. The ADC circuit in the
proposed design avoids external clock signal for sampling, by generating the clock from analog input signal for a wide
range of frequency operation. The proposed design is capable of operating over the input frequency range of 10KHz to
15MHz with 150MSPS maximum sampling frequency. The proposed ADC has been verified for post layout simulations
in 90nm CMOS technology which has DNL< *0.25LSB, INL< +0.5LSB, SNR of 71.5dB, SNDR of 69.1dB and
maximum power consumption of 25mw at 12-bit with 150MSPS sampling frequency.

WA2-3-2 Current Adjustable CMOS Startup Circuit with Low Steady State Current

Watcharaporn Lertsalee, King Mongkut’s Institute of Technology Ladkrabang (KMITL), Thailand
Jirawath Parnklang, King Mongkut’s Institute of Technology Ladkrabang (KMITL), Thailand

This work is a CMOS Start Up Circuit designed which can supply the current flow (ISTART) adjustable to the clock
oscillator for digital system generally. The circuit designed can be assigned start current value by giving the appropriate
reference voltage (VBIAS). The current value is set to adjust in the range of 0 to 1.35 mA. The reference tune voltage is
in the range of 0-5V to follow voltage value of microcontroller in present. In addition, while the circuit to obtain signals
to PWD (power down) that current value flowing in start up circuit is almost zero. This means that the circuit does not
consume any power consumption.

WA2-3-3 Comparison Study of Arbitrarily-Chosen Weights vs Optimized Weights in Multi-Objective
Geometric Programming

Theerachet Soorapanth, National Electronics and Computer Technology Center, Thailand

This paper provides a study into the impact of weight factors selection in a multi-objective geometric programming
(MOGP) optimization. Typically, when solving a multi-objective design problem, a designer would arbitrarily assign
weight factors based on his/her perception of each objective’s significance, e.g. assigning higher weights to the more
important objectives. Here, an alternative method is proposed to take into account of weight factors as additional
optimizing variables and then formulate the new MOGP problem. Comparing the conventional and the proposed

method, the latter can achieve a closer solution to the ideal multi-objective optimum by considering the weighted
deviation sum between the two schemes.

WA2-3-4 NPN-only Fully-Differential Ladder Log-Companding Filter with Well-defined Operation
Points

Nattapon Pookrongtong, Mahanakorn University of Technology, Thailand
Chaiyan Chanapromma, Uttaradit Rajabhat University, Thailand

Jirayuth Mahattanakul, Mahanakorn University of Technology, Thailand,
Apisak Worapishet, Mahanakorn University of Technology, Thailand

This paper presents novel structure of the ladder-based fully-differential log-companding filter with well-defined
operating points. The proposed filter structure is based on the exponential-state-space integrators with compatible input
and output voltage levels. Based upon the proposed structure, the derivation of the NPN-only 7rd-order fully-

differential log-companding Butterworth low-pass filter is demonstrated. Simulation results of the demonstrated filters
are given.
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Current Adjustable CMOS Startup Circuit
with Low Steady State Current

Watcharaporn Lertsalee and Jirawath Parnklang

"

" Department of Electronics Engineering,
Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand 10520

E-mail: n_oo_nl6@hotmail.com
E-mail: kpjirawa@kmitl.ac.th

Abstract—This work is a CMOS Start Up Circuit designed
which can supply the current flow (Igpspy) adjustable to the
clock oscillator for digital system generally. The circuit designed
can be assigned start current value by giving the appropriate
reference voltage (Vpjas). The current value is set to adjust in the
range of 0 to 1.35 mA. The reference tune voltage is in the range
of 0-5V to follow voltage value of microcontroller in present. In
addition, while the circuit to obtain signals to PWD (power
down) that current value flowing in start up circuit is almost
zero. This means that the circuit does not consume any power
consumption.

I INTRODUCTION

Digital Computer application in present emphasizes to
customer, which fast CPU operation. The customer demand to
receive CPU spec to very fast for time reduce in operation.
They are comfortable. CPU operation, clock is important and
fast compile together. The fast CPU  operation has
determinant clock, then the system designer has idea to design
drive clock circuit for hyper operation. All mention, fast clock
design in operate has startup circuit. The startup circuit is
clock control in order to fast or slow for CPU operation but
fast clock present.

And also, the microcontroller typically comprise blocks of
circuitry, each block performing a particular function, with
each block comprising sub-circuits to accomplish that
function. The distribution of current to each of these blocks
and sub-circuits, particularly in CMOS digital design, the
clock generator is important with the operation
microcontroller inside, which operation of clock generator is
control all operation of CPU .When the current is not supply
to the clock circuit in CPU. The CPU is unable operation.

In this paper will explain of current source circuit for
supply clock generator and the circuit received signal control
from PWD. The circuit design prominent is able to assign
suitable current value by adjust the voltage control, while the
current source is not to clock generator circuit. This circuit
present does not consume any power for fast operation of
CPU.

1L CIRCUIT DESCRIPTIONS

978-1-4244-7010-5/10/$26.00 ¢2010 IEEE
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The paper is shown circuits comprising some block of
circuit .First input signal state is the inverter circuit,
comprising transistors M13 and M14 which is invert the PWD
input signal of the circuit for PWR UP signal. The PWR UP is
also the by product of the input signal of the circuit. The
inverter voltage transfer function is design to be at the half of
the supply voltage.

The current mirror circuit type PMOS comprising transistor
M1 and MIL1 and current mirror circuit type NMOS
comprising transistor M6 and M66, are serve the function of
maximum current control to the current sink and source of the
outer circuit. And also improve the output impedance of the
current supply circuit.

The transistor M3 and M33, M4 and M44, the gate
connected to the Vgpag for gate voltage control from user
outer the system. The current supply form transistor is depend
on gate to source voltage (Vgs) of transistor, (the source
voltage is depent on the output voltage of the current mirror
which connect to the source of the current mirror) if voltage
(Vi) greater than V¢ of each transistor, that means transistor
is turn on state.

The current control (Ispart) composes of transistor M2 and
M22, M5 and M55, which is controlled by gate voltage of
transistor M7 and M8 respectively. At transistor M7 and M8
mentioned serve the function of means a switch when
received PWR UP signal and PWD consecutively.

When transistor M7 or M8 is turn on, these result voltage
value at gate of transistor M2 and M22 include M5 and M55
have voltage value to Vpp and GND respectively, which all
transistor M2 and M22 M5 and M55 are cutoff. Its means
that no current (Igragr) source or current sink in inside the
circuit, though the voltage is Vgiag control for transistor M3
and M33 , M4 and M44.

In Figure 1, The current source circuit to clock generator in
microcontroller comprising transistor NMOS 7 body
M4AMSMOMIOMI1I,MI2 and M14. Transistor PMOS 7
body M1, M2, M3 M7 M8 ;M9 and M13. This circuit design
is current mirror that current source flow both side is equal.
We are beam our idea circuit design for clock drive in
microcontroller that suitable current value by voltage control.
The all of the section of circuits are four parts.

ISCIT 2010



Power Down sinnal(PWD)
Power Up signal (PWR UP)
control Current (Isrart)
Conventional Startup Circuit

ARl 49

Vip

PWR UP

M7

M1l

M9

GND

Reference Circuit Startup Cireuit

Figure 1 The propose CMOS Startup Circuit for Current
Reference Adjustable

1.Power Down(PWD)

Power Down Circuit comprising transistor NMOS are
current mirror, M5, M35, M6, M66 and MS8. The M8 is as a
switch for assign current flow form drain to source, when the
input signal PWD is Vpp. Result, transistor M8 current is flow
because voltage of Viyp more than value Vi, the gate voltage
of M5 and M55 have voltage value equal to the drain and
source voltage (Vps) of M8 which tendency is GND.
Transistor M5, M55 current is in cutoff region and also the
transistor M66, M6 also cutoff because the circuit is current
mirTor categorize.

2. PWR UP

PWR UP circuit comprising transistor PMOS are current
mirror, M1 ,M1 ,M2 ,M22 and M7 by M7 means a switch for
assign current flow in transistor. When voltage received PWD
and PWR UP, its similarly. Transistor M7 is means as a
switch. While the part of PWR UP circuit voltage received
PWR UP has GND, gate to source voltage of transistor M7 is
-5V. Transistor M7 is in also saturate and nonsaturate (Vgg=-
5V).

3. Current Control

Current control circuit is comprising with transistor PMOS
and NMOS. Transistor PMOS M3 and M33, NMOS M4 and
M44. The circuit has Vpag for adjust the gate voltage and
current Igrapt. Since current flowing all both side are same.
When PWD voltage to Vpp and PWR UP to GND the current
value Igrart is over. While PWD voltage to GND and PWR
UP to Vpp current value Igrart IS Zero.

The startup circuit designs have already finished. We have
inverter circuit to startup circuit and input pulse signal in
circuit by rise time value 0.1ps fall time value 0.1ps voltage
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value 0 to 5V. The inverter have transistor PMOS and at
source pin connect to Vpp , transistor NMOS at source pin
connect to GND.

4. Conventional startup circuit

The conventional startup circuit is just operation start
current reference circuit. When current referent circuit build
current finished current reference to immediately stop.
Conventional startup circuit comprising transistor PMOS M12
and transistor NMOS 3 body M9, M10 and M11. The current
reference settles at required operating state, M16 goes on and
a constant current starts flowing through M10 and M11. Thus
the conventional startup circuit continues to consume current
even after current reference circuit is started. [1]
The conventional start up circuit is consist PMOS transistor
M12 and NMOS ftransistor M9, M10 and M11. In Figure.1
ISTART is controlled by following the VNB[AS because ISTART
flowing through M10 is controlled by its Vgs. The M10 has
gate voltage sane as Vpgyoe and Vs which are controlled
by Vunias. The M11 and M12 transistor are voltage divider to
generate the Vpgyy influence to gate voltage of M10 that set
it ON state. The Figurel, Vps voltage of M9 controlled by
VNBIAS and current control ISTAR’I‘- When VNBIAS is increase but
Isragr is decrease that following the formula:

]2DJHE
[/1 K VsV + K Fosn— VM)ZIIZ |

lu.mr = Klnm I’l—VM ITI—A Vm—m}

where K’ (Process Transconductance Parameter)
= uCu(WiL)

L = Channel Length Modulation Factor

ITI. SIMULATION RESULTS

The proposed circuit is designed with 0.35p CMOS
technology and the simulations have carried out in PSPICE.
All the proposed startup circuits are generic and can be use in
any application that needs startup circuit.

In this experiment, the circuit designer to assigns suitable
parameter value of W/L of the transistor in simulation. CMOS
technology. that simulation, has some important parameter as
threshold voltage (V) of transistor type NMOS and PMOS
equal 0.6V. Beginning the simulation by input voltage is 5V
into the circuit and input pulse signal (PWD) has the period
equal to 6us and pulse width equal to 3ps into PWD port and
voltage probe at NBIAS, PBIAS, Veontrol and current probe
value Istarr. Since, experiment results at VBIAS voltage is
zero and 5V, the circuit have voltage of NBIAS, PBIAS and
Igrarr unable operation. We have the method to simulation for
limitation of the circuit operation by Vpyjse of PWD constant
but change the voltage value (VBIAS) from zero to 3V. The
VBIAS is increase at a time of 0.5V (0.5, 1, 1.5, 2,2.5,3, 3.5,
4, 4.5V respectively). The result of simulation experiment at
NBIAS and PBIAS can operation as mention in Figure2.
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Figure 2, The output voltage and current of the propose
Startup Circuit for Current Adjustable

At the Vg = 2.5V is the best condition to success the
concept design. The output NBIAS voltage is rail to the Vpp
and the PBIAS voltage is almost to the Vpp. And the control
signal voltage to supply to the clock of the system CPU is in
controlled. The start up current is also program the maximum
value of 1.4 mA. at the center of the control voltage. And then
the input PWD is set to power up the system, and probe to the

IstarT,, the output adjustable start current is shown in figure 3.

When the PWD signal is set to GND, the Isyarr and also the
M2, M22 and MS5, M55 is cutoff region, the current flow
from the supply to GND on this system is almost 0 A.
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Figure 3. Show the output adjustable Israrr and Vpias
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In this experiment, we simulate the method and find out the
lowest voltage Vpp that the start circuit cans operation.
Arising from circuit, we found flaw of start up circuit. Since,
we have a number of n-channel and p-channel MOSFET from
Vpp to GND. When PWD signal is Vpp, transistor M8 turn
ON and voltage of gate (MS5) same as M55 are Vpg of M8 and
PWR UP signal is GND, transistor M7 turn ON that voltage
of gate M2 and M22 are Vpp. The circuit have many
transistors and also that the circuit designed is vertical. When
consider all transistor are saturation mode, voltage form drain
to source is VDS = (VGS'VT) or VDS= (Vgs-VT) and consider in
case Vg is zero thus Vpg = V1. We use to simulation method
again for find to Isragr and method have to fix W/L value and
all parameter, technology of 0.35p same as mention before.
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Figure 4.Simulation results of the Vpp and I
when sweet at Vpp

In Figure 4.is relation between Vpp and Igrapr which from
the waveforms to find lowest voltage for start up circuit
operation is 3.2V and Vpp = 5V, Igpapr is 1.4mA. In that,
from wave forms to conclude the start up circuit designed
have low voltage for Igpart begin is 3.2V

In case, when PWD signal is GND, its not Igrarr out of
circuit that current probe from power supply (Vpp). The
results, current lose of circuit is 5.83pA and shown in
Figure.5.
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Figure 5. Shown output [gpar when PWD is GND and
PWR UP to Vpp in case of sweep Vpp

In Figure 5.is relation between Vpp and Igrapt which from
waveforms shown Israpr is low when PWD signal to GND
and PWR UP to VDD. Results is simulation from sweep Vpp
is 5V, current of Igpagy is almost very low

In the experimental result from Figure 2, the Vpgjag wWhen
Istart current flow the Vppias is 3.85V . this voltage is used as
the supply for testing Israrr with Vypgas. The relationship
when Vypas is DC sweep method form 0V to 5V and Igrart
is probe .We has the start current results in figure 6.
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Figure6. Simulation result of Istapr and Vupias

In Figure 6. When the Vypias=0V transistor M9 is cutoff
mode that the Istart value is 10.09 mA .Therefore Vygiag 1S
cause Igrarr has increase which mention in the first equation .
In case of Vygas = Vrn, this give Vypias - Vin = 0. The
transistor M9 is saturation mode. The Vpg of M9 is equal Vpg
MI11 which Vpg of M1l dependent Vpg of M12. In case
VNBEAS - VTN that VNBIAS = V'|'N>VD5. The transistor M9 is
nonsaturation mode that Vg of M10 from Vpg of M11 ,While
Vps of M12 controlled voltage system equal 5V because
IsrarT is decrease.

IV. CoONCLUSIONS

Low power with zero steady state current CMOS startup
circuit has been proposed. The maximum power is 30 pW.
when the power down signal is active. The simulation results
shown the start up current can be adjust the voltage and
current control form 0 to 5V which 0 to 1.35 mA. current
control,
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