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Zuokevég oto Mupitio
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Oplouog: Emimedo Fermi
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Alodog pn kat Xwpog Apalwong
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Xwpog Apaiwong pn - AvdAvon
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Aeitovpyla Al6dov oe KbkAwua
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Entineda Fermi otn Alodo

P-type Si
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Aertovpyia Atddov

When we bring P-type & N-type togethera
depletion zone is created around the junction
This produces a barrier, blocking charge flow.

©@J.C.G. Lesurf Univ. 8t. Andrews
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Apvntikn [16Awon
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E€aptnon V-1 oty Alodo
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AvoaAuTtikd Movtéda

'ﬁ Ip = Is(eVDMT — 1) I
+ +

Vp Vp Vbon
- - Vpon = 0.7V
(a) I1daviké MovTtého Aibdou (B) AtrAoiko MpwTtoyevég Movtého
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Xwpntikotnta Evwong pn

2.0
abrupt junction
15}
E 10
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linear junction
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_ Cg‘O m = 0.5: abrupt junction
m = 0.33: linear junction
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Xwpntwotta Evwong pn

» T peyadeg Stadopomolnoelg tng taong, AVD, éxoupe:

Ceq _ AQJ — Qj (\/high) _Q(\/IOW) — KequO
AVb Vhigh—Viow

» ‘Omou 10 Keq umoAoyileTal wg:

_¢ 1-m 1-m
oo = Vogs —Viw )@~ [(¢ )= (0 Vo)
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Xwpntikotnta Adyvong
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Agvtepoyevr) Pavopeva
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Avalanche Breakdown
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MovtéAdo Alodov oto SPICE

‘el

» |5 urtoAoyiletal amno tnv elowaon pevpaTOg
» Cp unoloyiletal amno e§iowon xwpnTkoTNTAG
» Rg avtiotol el otnv avtiotaon og oelpd tng dtodou

N
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[Mapdpetpol SPICE Awddov

Parameter Name Symbol SNPaII(rff Units Iz;;z?:t
Saturation current Ig IS A 1.0 E-14
Emission coefficient i N - 1
Series resistance Rg RS Q 0
Transit time Tp T sec 0
Zero-biaz junction < CT0 F 0
capacitance
Grading coefficient m M - 0.5
Junction potential 0y VI v 1

First Order SPICE diode model parameters.

25 HY330 - AidAegn 3n - Zuokeuég  10/3/2014

Tt elvat o Tpaviiotop;

AlakoTTTNG! ‘Eva MOS TpavdioTtop

Vae >V Vsl
Gs 2 VT /’J_

26 HY330 - AidAe€n 3n - Zuokeuég  10/3/2014

3/10/2014

13



Tplodidotatn oym Tpaviiotop MOSFET

Gate
Oxide ™-._
AN cave SN
Field .~ N+ N+
Oxide B TAE
Saurce / Drain
P-Type Regions
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Ao NMOS Tpaviictop

Source Gate gr'l!;'- OXKide Oyain
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Aopun) NMOS Tpaviictop

» Ynootpwpa eAadpldg mukvwntag p

» 2 onueila vPNAAC TTUKVOTNTAG N

» H meploxn Hetagl Toug ovopuaeTal «KOVAAL»

» To KOVAAL KAAUTITETAL OO AETTTO LOVWTLKO OTPWHLAL
SiO,

» AkplBw¢ amo mavw Ppioketal Eva NAekTPOSLo oAu-Si
Kai ovopdletal mUAn

» To SiO, dev erutpemnet pon pevpatog HeTafy MUANG
Kall KavaAlou
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Taon Katw@Aiov — Threshold Voltage

n-channel Dépletion
’ Region
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B
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Tdon KatwAiov - EEaptnon oto Vgg

4 . '(
/ Implants
Workfunction
Difference . Surface Charge
Depletion LayerCharge
Body Effect Coefficient

e
V= VT0+7(4/|72¢F+ VSB|7J|72¢F1)
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oA Eggsx NA
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ox
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Aetrtovpyla [ToAng NMOS
» Zuoowpeuon otav V, <<V;

ACCUMULATION Vgs << Vi
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Aertovpyla [ToAng NMOS

DE
.F‘LETICIN .u,gs o "u’1
e o
= dapletion redgion §|
Y
| |
I J
(b L LS R 1 E
b 35 HY330 - AidAegn 3n - Zuokeuég  10/3/2014
Aetrtovpyla [ToAng NMOS
» Avtotpodr) otav Vg >Vy
INVERSIOM
i e L VW
2000008000 @
AR L el
L R-E-E-R-N-F-E-E inveraion ragion n-typa)
— depletion region
T
I't._:_.-"
le) '
) 36 HY330 - AidAegn 3n - Zuokeuég  10/3/2014

3/10/2014

18



Aertovpyia NMOS Tpavliotop

> Av V>V, aAlG Vy =0

Source

p- substrals

n—typa chanrel Deplation Layar
Inwersion Layer) L,
[ o

Vos » V1Mo =0
lah
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Aetrtovpyla NMOS Tpaviiotop

¥az Meiwon
L T Taxoug
e | KavaAioy

KaTd TO
R MAKOG TOU

Vits = Vg — Vi | (Mensmlurabad Mode)
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Aertovpyia NMOS Tpavliotop

b AV Vg 2V —Vy

= - Y0 KavAAl
OIOKOTITETAI
L/ g~ Vi Pinch-oH
g //

/’

Vis

Wl = Ve — Vi 1 [salurated Mode)
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Agrtovpyia NMOS Tpaviiotop

» Baoiletal otrv enippor] Tou NAekTpLKoL Ttediou mou
dnpoupyet n uAn (FET)
» Mwa cuokeun MOS eivatl evag Stakomtng
eAeyXOUEVOC QTIO TO Vs
b Av V, = 0,t0t€ Iy =~0
> Av V 2Vy, kat Vg > 0, T0TE UTtAp)EL pon
NAEKTPOVIWV
» H av&énon tou SuvapikoL Vds ennppealel tnv popdn
TOU KavaALou:
210 GKpo €Lopong (rnyn) n Stadopd eival Vgs
210 akpo ekpong (katapfobpa) n dtadopa eival Vgd
> Av V4 <V, TOTE T0 KaVAAL SLakomTeTal
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KapmoAn IV evog tpavliotop

x10°
6 ‘
VEGS=25V
51 )
—F—>
Resistive / Saturation
al
VGS=2.0V
€D3 g Quadratic
- " Vps=Ves-Vr Relationship
2r VGS=15V ]
1l i
VGS=1.0V
N -
0 0.5 1 15 2 25
Vps V)
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Tpavliotop oTNV YPAUULKT] TIEPLOXT

p-substrate

1 B

Tdoeig MOS oTnv ypauuIKA TTEPIOXN
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Tpaviliotop o€ kO6poO

Vps > Vs - V1

Armioxorr)
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/4 /4 4

Baoweg Xxeoeig IV Tpavilotop
Linear Region: Vpg <Vgg - Vr
W 14
In =4, E((VGS* VrWVng— ZDSZ]
with
po= o = p“naox Process Transconductance
n = Ha“ox ¢ Parameter

oxX

Saturation Mode: Vpg > Vg - Vr
Channel Length Modulation

2
o~ V'I) 1+ P\,VDS)
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Tpaviiotop o€ Asttovpyia
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Movtédo MOSFET Tpaviiotop

- T)2(1 AV o)

Vpg?
D
VP Vps— j
with
Vi = Vgt 200+ Vgl = 204D
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KaumiAeg IV oe DSM Tpavliotop

x10~
25 :
! . VGS=25V
Early Saturation
,l ;
VGS=20V |
15}
3‘3 - Linear
L VGS=15V Relationship
051 I VGS=1.0V ]
0
0 05 1 15 2 25
Vos V)
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/4 4
Kopog Taxvtntoag
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n
E
— 5
N—r =
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D B -
Constant velocity
Constant mobility (slope = y)
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ZUyKkplon

IDA

Ves = Vop

Long-channel device

\ Short-channel device

| l >
Vpsar Ves -Vt Vps
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’
I kot Vpg
4 4
210 — 5 x10 ‘
VGS=12.5V Ves—oaly
5 Al
Resistive Saturation o
4 VGS=2.0[V
VGS=2.0V 15 3
< <
23 1 % i
Vps = Vs - Vr 1 VGS= L5V
2 VGS=15V
1 05 VGS=1.01V
VGS=1.0VY
% 0.5 1 15 2 25 % 05 1 15 2 25
Vos(V) Vos(V)
Long Channel Short Channel
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KaBoAlkd Movtélo MOSFET

I, =0 for Vi57<0

W r - Vﬁ:m - ,
I, = k'—(pm.L —T)(l + AV pg) for Vep2 0

S o—(:>—° D L
with

min = MIN(Veorn Ve, Vi),

° T ,
B J/(:".f' - L(ES_ L-‘,-,
and Vi = Vi +v(J|- 205+ Vg| - J|-204)
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AmA6 povtédo kal SPICE

25

Vps=Vpsar
2+ 5 1

o

- Velocity

15l g Saturated >

< . o
“a Line

1k i

LS, Visar=Ver
05 A B
> ot Saturated
0
0 0.5 1 15 2 25
Vs (V)
53 HY330 - AidAegn 3n - Zuokeuég  10/3/2014

Tpaviiotop PMOS

x10"

VGS =-1.0V

-0.2
VGS =-1.5V

0.4}
<
£ VGS = -2.0V , )
0.6} OAeg o1 petaPAnteg
etvat avaloyeg ald
08 ves=-25v APVINTKEG
1 . . . .
-2.5 -2 -1.5 -1 -0.5 0
Vos (V)
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[Tapapetpot evog povtédov 0,25um

Table 3.2 Parameters for manual model of generic 0.25 pm CMOS process (minimum length

device).
Vg (V) ¥ (V") Vosar (V) B AV AV
NMOS 043 04 0.63 115% 107 0.06
PMOS —-0.4 -0.4 -1 301070 -0.1
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7 14 /4
Tpaviiotop wG AlakoTTNG
Ves 2Vt
Ip
A _
Ron Vs =Vpp
s —AAA
Ruia e ’ ' L - |
R/ .57 .- |
LY '
b | ] >VDS
Vbp/2 Vbb
1 Vip Vo /2 3 Vop 5
R, ==z + ~2 20123y
= 2(IDSAT(I_*—)‘VDD) IDSAT(I +)\VDD /2)] 41DSAT[ 6 DD]
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Tpaviiotop w¢ AlakoTTNG

x 10

15 2 25

Vo W)
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Tpaviiotop wg AlakomTNng

Table 3.3 Equivalent resistance R, (W/L= 1) of NMOS and PMOS transistors in 0.25 pm CMOS
process (with L = L,,,). For larger devices, divide R, by WIL.

Vo (V) 1 15 2 25
NMOS (kQ) 35 19 15 13
PMOS (kQ) 115 55 38 31
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Avvopikn 2vpmepupopa MOS
Tpaviioctop

G
QO .
Ces | L | Cep
S T -1 D
S 4 O
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Xwpntikotnta ¢ [TvAng

————————————————————————————————————————— FIOAR-P-Si -

_ SO.X
Conte i WL
ZUUTITWON
MUANG/YTTOOTPWUATOG
Mdavw Oyn
O¢eidio MuAng
t0X
L
Aiatopn
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Xwpntikotnta e [TvAng

Operation Region Cop Cos Coz
Cutoff CoxWlog 0 0
Triode 0 CoxWLogi2 CoxWLow!2

Saturation 0 (23)C Wi, e 0

ZnuavTikéG Meploxég Aeiroupyiag yia Wnolakd KukAwpara:
Koépoc kai ATTOKOTTH
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Xwpntikotnta [TVANG

C
WLC,, | e WLCy, | Cec
\ 2WLC,,
Cocs ____ L3
WLC oy c Coes = Gecp WLC oy ——
o ] ocB o |
2 - 2 .{::“\.\_EGCD
S
| ™~
[
Ves 0 Vos/(Ves V) 1

Xwpnuxkotmrta covaptrioet oo VGS  Xwpnuikotnta 6oVApPTHOEL TOD
(pe VDS =0) eMIIEdov KOPEGHOV
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Métpnon ¢ Xwpntikotntag [MVANG pe SPICE

10 1 1T 1T T T 1

Gate Capacitance (F)

O W s U1 N o ©

2215212050 05 1 15 2
Vgs (V)
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XwpnTikotnta Atdyvong

Channel-stop implant
N

Side wall

Mnyn
Np

Bottom

Kavdhi
Ls YméotpwuaN 5
Chirr = Chpprom T Cypp = C;XAREA+ Cjw, X PERIMETER
= GLgW+ G, 2Lg+ W)
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Xwpntwotta Evwong pn

2.0
abrupt junction
151
E 10
G
linear junction
05}
0.0 =Ny =X 00
Vo V)

[
o= 00

0.5: abrupt junction
4 (1 - VD I¢0)m 0.3

m =
m = 0.33: linear juncticn
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Xwpntikotnta Evwong pn

» T peyadeg Stadopomolnoelg tng taong, AVD, éxoupe:

Co = AQ;j _ Qi(Vhigh) — Q(Viow) — KeCio
AVb Vhigh—Viow

» Omovu 10 Keq umoAoyiletal wg:

_ —¢0"
- (Vhigh _Vlow)(l_ m

Keq

; [(#0 Vi)™ = (PO Vo)™
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Xwpntikotntes — Atepyaocia 0.25um

» ETOL, GUVOALKA OL XWPNTIKOTNTESG £XOUV WG £ENG:
CGS = CGCS + CGSO
CGD = CGCD + CGDO
CGB = CGCB (¢tav eivatl to Tpaviiotop opfnotod)
CSB = CSdiff
CDB = Cddiff

» NopakAatw MapaBETOVTAL XAPAKTNPLOTLKEG TIUEC VLA TLG
OXETIKEC MapAUETPOUC o€ Slepyacia 0.25um.

Cox CO Cj mj ¢'b stw mjsw ¢'bsw
({Fum®) | (Fum)y | @F/pum’) () ({F/pm) )
NMOS 6 0.31 2 0.5 0.9 0.28 0.44 0.9
PMOS 6 0.27 1.9 0.48 0.9 0.22 0.32 0.9
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[Tapaoitikeg Avtiotaoceg S, D
Polysilicon gate
N Drain

contact

G Lp
»
Vs, eff [
A\
ST LA
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To vmo-tov-1pm Tpavliotop

» Awadoponouioeig Auvapikov KatwdgAiov
» Aywylpotnta Katw anod to Vt
» ZnUavtikég MNapacttikég AVILOTAGELG
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Alapopotmomoelg Vy

V1
A
Long-channel threshold
L
Threshold as a function of
the length (for low Vpg)
70 HY330

Vr

'S

Low Vpg threshold

\

A 4

Drain-induced barrier lowering
(for low L)
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3/10/2014

4
Aywywpomta ywa V, < Vi
162 ‘ ‘ ‘ The Slope Factor
Fpappiky) 4Ves
10° 1 Ip ~1,e™, n=1+—"2
0X
10° | Tetpaywvo
fo . Sis AV for Ipy/ I, =10
1 F 4
k1
10 ExBetixr) S = n(—) In(10)
10 | 1 q
167 \& ‘ ‘ ‘ Typical values for S:
0 0.5 1 1.5 2 25 60 .. 100 mV /decade
VesV)
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Ip kat Vgsevw V, < Vo

qVes _qVps
_ nkT _ kT
I, =1,e 1-e
e BLiaLien o EEL4) 0.25u process

Wps from () tq 0.5V

0.4v
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Ip kat Vpgevw V, < Vp

qVes _qVps
lp=1,.em™ [1—e kT ](1+/1-VDS)

- EE141 0.Z5u process

/
T YL 1O tol0.3\
O /w/
[T
I —
i —
.!E"'//
/ e ——
[+ e
= [ v e e e
) o
“ov 2. 0v
Date: January 30, 2002 Page ,V Time: 16:27:29
73 HY330 - AidAegn 3n - Zuokeuég  10/3/2014

[TepiAnym meploxwv Asttovpyiag Tpaviiotop
MOSFET

» loxupn Avtiotpodn Vs > Vi
Mpappikn (wg Avtiotaon) Vps <Vper
Kopog (2taBepd Pevpa) Vs >Vpear

» AoBeviig Avtiotpodr| (und-Katwdhiov) Ve <V;
ExBetikn e€aptnon wg mpdg 1o Vg, YPOUULIKN WG Tpog T0 Vi
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Latch-up, [Tapaocitiko BpayvkOkAwpa

Fiir . _‘t
l—-r—' S
R T -h P
= =
" " | -
resnilisirate .
[a} O ignof llehup (1) Edpuivaienl creial
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MeAAovTtikég [IpooTITIKEG

25 nm FINFET MOS transistor
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