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Review:.

- SCT Basics

- MOS Capacitor
MOS-Cap-CV

- MOS-FET

Triode- Saturation-
Subthreshold range

- Al-Gate FET
- SRAM production
- Vi dependencies

Today: E/D Logic
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0. Introduction/ Lab organization/DMA /SCT1/Motivation <: SC-

1. Process integration

1.MOS Structure, MOS Capacitor BGS I CS

2.Structure of a MOSFET
3.I/V behavior
2. Circuits in Metal-Gate FET Technology
1.Process sequence of N-MOSFET in Metal Gate
2.From inverter Yo memory cell
3.SRAM in NMOS Metal Gate
4.The threshold voltage of the MOSFET
1.Parasitic FET
2.Enhancement/Depletion Transistor
3.N-MOS Logic by E/D Transistors
4.Process sequence of the N-MOS E/D Process
3. Self aligned Process
1.Metal Gate -> Si Gate
2. Channel-Stop & LOCOS Technology
1.Example: Process flow of E/D SiGate LOCOS Inverter
2.LOCOS Variation
3.Shallow Trench Isolation
3.Lightly doped drain
4.SALICIDE
5. Self Aligned Contacts (SAC)
6. Resist trimming
4.Transition to CMOS Technology
1.MOS Transistor Types
2.CMOS Inverter
1.Consideration NMOS E/D Inverter
2.Comparison CMOS Inverter
3.CMOS Process flow (Example CMOS 180 nm process)
5. Further Considerations
1.5caling
1. Challenges
2.Material Equivalent Scaling
3.Further Concepts
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1. Process integration .
1.MOS Structure, MOS Capacitor BGS I CS
R . 2.Structure of a MOSFET
. 3.I/V behavior
eview 2. Circuits in Metal-Gate FET Technology
_ 1 1.Process sequence of N-MOSFET in Metal Gate
SCT BGS ICS 2.From inverter to memory cell
: 3.SRAM in NMOS Metal Gate
- MOS CGPGC I TO r 4.The threshold voltage of the MOSFET
1.Parasitic FET
- M O S 'CGP‘CV 2.Enhancement/Depletion Transistor
3.N-MOS Logic by E/D Transistors
- MOS— FET 4 Process sequence of the N-MOS E/D Process
. . 3. Self aligned Process
Triode- Saturation- 1.Metal Gate -> Si Gate
Subthreshold range 2. Channel-Stop & LOCOS Technology
1.Example: Process flow of E/D SiGate LOCOS Inverter
- Al-Gate FET 2.LOCOS Variation
. 3.Shallow Trench Isolation
- SRAM pr‘OdUCTIOH 3.Lightly doped drain
. 4 SALICIDE
- VT dependenC|eS 5. Self Aligned Contacts (SAC)
6. Resist trimming
4.Transition to CMOS Technology
1.MOS Transistor Types
. | 2.CMOS Inverter
TOdC(y- E/ D LOQIC 1.Consideration NMOS E/D Inverter
2.Comparison CMOS Inverter
3.CMOS Process flow (Example CMOS 180 nm process)
— 5. Further Considerations
. RN 1.5caling
Continue |:> VIDEO P 1. Challenges
“SCT SS20 09.2° 06:43 (,/\’[\’IFTUS 2.Material Equivalent Scaling
T ' ] 3.Further Concepts
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Demonstration: V; = f(d,, und N, )
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4
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4
‘Work function=5 e/
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Nox=0
CLOSE
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Qc.‘ = (('Yr..s -0, X‘m = "Qd
g)d = -eN_‘ R _"N.J

Qq = —2eN & D,

Einsatzspannung Ugs=U; wenn &g =20,

R Qdm" = '\/2""!\/ .{8(2(1) F ) :' ((‘:(,‘s -‘(D S X‘or

2eDs

eN 4

Ugs =Uq

U, = (,L\/2eNA;:(2<DF )+2®,

ox

Please check also pdf file "MOScapAnim" at the OPAL folder
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Demonstration: V; = f(d,, und N, )

Continue Co)piNES >

From ideal to real conditions
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R Qdm" = '\/2""!\/ .{8(2(1) F ) :' ((‘:(,‘s -‘(D S X‘or

4

U;s =U; |

U, = (,L\/2eNA;:(2<DF )+2®,

ox

Please check also pdf file "MOScapAnim" at the OPAL folder
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() Ohiversiii Transition to real conditions:
PRESDEN Including oxide charges

Grenzflache Si O, — Si
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55?\;'5",;33';; Transition to real conditions:
ORESDEN Including different workfunctions for Si and gate

Workfunction of
n-Si ca. 4.3 eV

p-Sicab.leV
METAL WORKFUNCTION (eV) METAL WORKFUNCTION (eV)
Al 4.3 Ru 4.7
Ti 4.33 Rh 4.98
\Y 4.3 Hf 3.9
Cr 4.5 Ta 4.25
Mn 41 w 4.55
Fe 4.7 Re 4.96
Co 5 Os 4.83
Ni 5.15 Ir 5.27
Nb 4.3 Au 5.1
Mo 4.6 TaN/TaSiN 3.94.3
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UNIVERSITAT Consideration of work function difference and oxide charges
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Ey ok (o0} —
v
E
E bl _ Wey — Wi Lo
vak / ELO Vox + VS - (_ q}
Wee Vg = Wewm — Wes =A_WE
Wes (—a) q
Wem
vsd |
i Eis Eus
— —_———— e — — Eg —_——— ——— ——— — E
E . . — — [l p—— < o Y SINTEEE P GEEEEE & SE— E
EM — i + . — e e . — — —
prre— §EFS \ s
Eys Evs
. MOS-Struktur mit AW 0 im Flachbandzustand
MOS-Struktur mit AWF $# 0 im thermodynamischen Gleichgewicht ¥ ¢
p——— ; Evax =) —
Vod E * a
ELO ox| Vak v VFB =V = —ox
— ox ox
\T I~ _ Ca
Wew L Vg+V _ =0
VSL Eﬂ - —— + S— e —
E };—f o V.=V E.s
e — ] et = o~ Vra . Eo
N3 ————— L — . .
e \EFS \E;s
Vs EVS

—>

Q qu

A MOS-Struktur mit @ >0, AW__ =0 im Flachbandzustand
MOS-Struktur mit Q >0, AWL = 0 im thermodynamischen ox F

Gleichgewicht
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Lﬁ?&‘g‘.{gﬁ'ﬁ% Threshold voltage at MOS-FET /4
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Ideal case:

Qi =(Ugs - @, )C. =0,
Bl iogy gl o
- ' “Y eN,
Qd = —+f2eN ,£: D
Einsatzspannung Ugs=U; wenn @ ¢ = 2@,
=0y, =2eN 5(20,) = (U - 0)C,
Ugs =Ujq /
D¢ =20,
W (X eV
) [ev] W, ac Uy = 2eN (2@, )+2®,
edq T
iy s Oxide Ch d Workfunction included
Xide Charge an orkrunction included:
K __________ v+ 9
T — \D d Q i AW
T / . V, =% [2g.eN, (2D, ) +2d, — L 4 —F
O =Fermi — ' C
W F i gOX 0X e
fM Potential
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55?&‘5",{;‘%'-}% Threshold voltage at MOS-FET /4

DRESDEN

Ideal case:

(~)(r = (( -('.\ - q)\ y'-’l\ = —(.)Al

2e0Ds

Q4 =— 2eN ,&6- D

Einsatzspannung Ugs=U; wenn @ ¢ = 2@,
T Q):/".,. = V 2‘)"\: (’:(2(]) F ) = (( :r,,\ - ('D S X ‘:)v:

U

Gs =Uq

D¢ =20,
W) [ev] W, ac U, = 2eN ,e(2D, )+ 2D,
ePs T Wen-Wes
iy e Oxide Charge and Workf luded /
xide Charge an orkfunction included:
i . o W
yan _ ox _ _ eeff F
\ &, = Fermi - V; o J2e5eN (2D, )+ 2D, c. t—
WfM Potential

Page: 11 LO9 © J. W. Bartha 2021 TUD INTERNAL USE ONLY!



I,ﬁ?&".{éﬁ'ﬁ Threshold voltage at MOS-FET /4

DRESDEN
Ideal case:
D=l =) ==,
0, =—eN,-x, =—eN, -’;b:l):
Qq = —v2eN & O

Einsatzspannung Ugs=U; wenn @ ¢ = 20,

=0, =~2eN 520, )=Us - 0;)C,

Ugs =Ujq

(DS = Z(DP

W(x) [eV] W, U, = eN (2D, )+20,
&Ps T Wen-Wes
o s Oxide Ch d Workfunction included /
xide Charge an orkfunction included:
Uk eff E
i @F/:;ermi_ V, = o J2e5eN, (2D, )+ 2D, - § t—
W+FM Potential

Further possibility to impact V+: Application of a body potential Vg,
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() bansrs Demonstration: Vy = f(d,,, Na, WE und Q,,)

DRESDEN
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Please check also pdf file "MOScapAnimV1" at the OPAL folder
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TECHNISCHE
(W) e Threshold voltage at MOS-FET /5
%B> Usg QG = UOX ] COX = (VGS + VSB - (Ds) ) Cox = _Qd
Q, =—eN,-x, =—eN 26®s
d A d A eNA

L

C

Ut . i
0 xd
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Threshold V; reached when including substrate bias:



TECHNISCHE
() i Threshold voltage at MOS-FET /5

QG = on ' Cox = (VGS + VSB - (Ds) ) Cox = 'Qd

Qqy =—€N,-X; =—€eN, 2608

eN ,

y
YT 777

Qd :—\/ZGNAE'(DS

Threshold V; reached when including substrate bias:

o Ves=Vs then Dy —> Dy +Vyy = 20, +Vg

C

-Qy = \/2eNA€(2CDF +VSB) = (VGS '2(I)|:)Cox

max

V, = Ci\/Zel\lAg(chF +Vgg )+ 2D

0X

Consideration of Oxide Charge and Workfunction

dox Qeff n A\NF

- X V:
! e

J2e4eN (2D, +V, )+ 2D, —

0X 0X
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@ UNIVERSITAT V; with substrate bias
DRESDEN

Ul ve0sV
@e= 0,3V

an-/

e

’ . —
2 3w & Ugg

ol g
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TECHNISCHE
(W) e Threshold voltage at MOS-FET /6

Usg > Usg
Y%s .
| o RS
i TB
d AW
V, == [2g,eN, (2P, +V ) +2D, — it - F
0OX 0OX

Controllable Parameters: -Dielectric Thickness / Dielectric Constant (k)
-Substrate Dopant Concentration
-Oxide Charge
-Workfunction Difference
-Body Potential

Page: 17 LO9 © J. W. Bartha 2021 TUD INTERNAL USE ONLY!



TECHNISCHE
(W) e Threshold voltage at MOS-FET /6

Uss > Usg
s .
+ . ‘///////////

%l B lﬁ Wem-Wes;
i TB /
d Q AJW

V, == [2g.eN, (2D, +V )+ 2P, —— + - F
oX OX

Controllable Parameters: -Dielectric Thickness / Dielectric Constant (k)
-Substrate Dopant Concentration
-Oxide Charge
-Workfunction Difference
-Body Potential
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TECHNISCHE
(W) e Threshold voltage at MOS-FET /6

Continue =) \éj\%,(gs P

Uss > Usg "SCT_5520_09.04" 04:57 EAEaEN
Lbs
Uss _:F_Ug |
l l o= T WFM]WF&
l 8
'
d Qt AW
V, == [2g.eN, (2D, +V )+ 2P, —— + eF
(0)4¢ oX

Controllable Parameters: -Dielectric Thickness / Dielectric Constant (k)
-Substrate Dopant Concentration
-Oxide Charge
-Workfunction Difference
-Body Potential
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UNIVERSITAT 2.4.1 Parasitic Transistor

DRESDEN

What's a parasitic FET?
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6 Bueas 2.4.1 Parasitic Transistor

DRESDEN

What's a parasitic FET? Remember our SRAM cell:

Bitline Vo
'S

N ... d ) L g —— L 7] , ,
¢ o - @’/ ‘.6\"} iﬁ_mﬂﬁr,&mr:(' . (‘ ps )
"
5 . ‘

~ EA o
= nt Z. Dawves Cteox | : = |
W oniedon B Al { Wordline
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@Bﬁ?\"*ﬁ"@ﬁ'ﬁ 2.4.1 Parasitic Transistor

DRESDEN

What's a parasitic FET? Remember our SRAM cell:

= nt Z7 Diwes Gateox J x
O kodetiloch B Alu { Wordline [

A regular FET is the switching transistor shown in the different pictures and
consist of the n* Source, the p-substrate and the n* Drain region, the substrate
region is covered with the thin oxide and the gate electrode.
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@Bﬁ?\"*ﬁ"@ﬁ'ﬁ 2.4.1 Parasitic Transistor

DRESDEN

What's a parasitic FET? Remember our SRAM cell:

A A
s | ——
é: A T

Z Diwes G ox
B kondedloch B5 Alu

R Wordline

The Gate-line runs over the fieldox to the left and connects to the Drain of the
left switching transitor resp. the Source of the left load ftransistor.
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6 Bueas 2.4.1 Parasitic Transistor
DRESDEN

What's a parasitic FET? Remember our SRAM cell:
J Bitine  y\
b g
. ".
B : ) Tk = 24
S ; -] ! f‘;%%ﬁuvm%’lmﬁw “-“Inzx,‘iw‘a“ f 1
= . AT AT ) :
= nt P Divwes Gaeox g ' % i 4
B kontekdloch 55 Alu { Wordline

We can think of the source,
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6 Bueas 2.4.1 Parasitic Transistor

DRESDEN
What's a parasitic FET? Remember our SRAM cell:
‘:J Bitline Vo
’s
. . B |
EASS? " ESSTRRE
= nt Z7 Diwes Gateox J o v )\
B Konfedloch T Alu { wWordline

We can think of the source, the Gate over the fieldox,

Page: 25 LO9 © J. W. Bartha 2021 TUD INTERNAL USE ONLY!



6 Bueas 2.4.1 Parasitic Transistor

DRESDEN
What's a parasitic FET? Remember our SRAM cell:
'J gitline V%
’s
o s |
BAS " ESSTRRE
= nt ZZL Divves Gateox s X = ) Ui,
B kondedloch B Alu { Wordline r

We can think of the source, the Gate over the fieldox, and the n* line
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@Bﬁ?&"&éﬁ'&? 2.4.1 Parasitic Transistor

DRESDEN

What's a parasitic FET? Remember our SRAM cell:

TR LI
g ' N
= nt ZZL Divves Gateox J x
B kondedloch B5 Alu { Wordline r

We can think of the source, the Gate over the fieldox, and the n* line

as a further MOS FET, which has a high threshold voltage due to the large
thickness of the fieldox.
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BE?&"AE&%E 2.4.1 Parasitic Transistor

DRESDEN

What's a parasitic FET? Remember our SRAM cell:

il

e W) — 41
N I Bt N ez A

+ R 4
B kondedloch B5 Alu { wordline {

We can think of the source, the Gate over the fieldox, and the n* line
as a further MOS FET, which has a high threshold voltage due to the large
thickness of the fieldox.

This FET is called parasitic transistor. It might unintentionally connect any
n* region where Gate lines run over the fieldox. To avoid this, the fieldox
thickness has to be as large as possible.
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BE?&"AE&%E 2.4.1 Parasitic Transistor

DRESDEN

What's a parasitic FET? Remember our SRAM cell:

il

e W) — 41
N I Bt N ez A

+ R 4
B kondedloch B5 Alu { wordline {

We can think of the source, the Gate over the fieldox, and the n* line
as a further MOS FET, which has a high threshold voltage due to the large
thickness of the fieldox.

This FET is called parasitic transistor. It might unintentionally connect any
n* region where Gate lines run over the fieldox. To avoid this, the fieldox
thickness has to be as large as possible.
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UNIVERSITAT 2.4.1 Parasitic Transistor

DRESDEN

What's a parasitic FET? Remember our SRAM cell:

) ZZ7 Diwves Galeax

- X 4
B Kondedloch 75 Alu { wWerdline [

We can think of the source, the Gate over the fieldox, and the n* line

as a further MOS FET, which has a high threshold voltage due to the large
thickness of the fieldox.

This FET is called parasitic transistor. It might unintentionally connect any
n* region where Gate lines run over the fieldox. To avoid this, the fieldox
thickness has to be as large as possible.

\

\
gox J2e4eN, (2@ +Vgy )+ 2D, —

0X 0oX

Qeff + AWF
€

V, =
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UNIVERSITAT 2.4.1 Parasitic Transistor

DRESDEN

What's a parasitic FET? Remember our SRAM cell:

S5 Z. Divves Gateon

+ R 4
B Kondedloch 75 Alu { wWerdline r

We can think of the source, the Gate over the fieldox, and the n* line

as a further MOS FET, which has a high threshold voltage due to the large
thickness of the fieldox.

This FET is called parasitic transistor. It might unintentionally connect any
n* region where Gate lines run over the fieldox. To avoid this, the fieldox
thickness has to be as large as possible.

\

\
dOX

&

V, =

J2656N, (2D, +Vgy ) + 20, — 2‘*” + AW Continue C=> NinEel =
e

(:/"’\- M P l_J S
ox ox "SCT_5520_09.05" 17:53 |EREASE
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ﬂﬁ?&'&'éﬁ'ﬁ? 2.4.2 Enhancement and Depletion FET

DRESDEN

2/4 Types of MOSFET

OQUTPUT TRANSFER

CHARACTERISTICS | CHARACTERISTICS Shif_ring VT Of The n-

TYPE CROSS SECTION

B il e VG:V X°| z channel enhancement
s ot g W é - FET to negative values
0 Vo Vo creates a
., ° 10 b Yer!V Io n-channel Depletion
omarire | . J[ transistor!
2 L ]" N = - o +| This can be utilized as a
n-CHANNEL 0 Vo Vo

hovel load element.
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Load resistor by enhancement- or depletion-Transistor

i1 5
Lot
e

4

U

Ip

/

0

Vin *

0
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TECHNISCHE , : :
@ UPRJI\gERESITAT Load resistor by enhancement- or depletion-Transistor
DRESDEN

i¢ 7 Ip V=4V Ip
3 /
| e 2

—P i " O Vin +
0 Vo Vo
0 1/; :
I Vg=1V Ip
0
-1 an
-2 - 0 *
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Load resistor by enhancement- or depletion-Transistor

0 V

Ip
Vin
= 0
Vo
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0

Io Vg =4V Io
3 /
2
1 o OVm *
-
Triode l
/ Slope = o
—:»l-eSaturulion “
v W in
RPTTT« o STTTT ATIR B XTI I Ipss = %ku T V,‘,)

=y D
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2.4.3 Load resistor by enhancement- or depletion-Transistor
E/E inverter !
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2.4.3 Load resistor by enhancement- or depletion-Transistor

E/E inverter !
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E/E inverter ! , E/D inverter ! vas
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Much better transfer behavior of the E/D inverter!
2. Slope in the transfer curve high



55?35"&?&% 2.4.4 N-MOS Enhancement/Depletion Process flow

DRESDEN

-Field oxidation
-Mask 1: S/D opening, P-Diffusion
-Post oxidation - drive in

-Mask 2: V; adjustment of the
Enhancement Transistor via B-Implant

-Mask 3: Etching of Gate- und S/D
contact

-Gate oxidation

-Mask 4: V; adjustment of the Depletion
Transistor via As-Implant through the
Gateox

-Mask 5: Opening of S/D contacts
-Deposition of conductor layer (Al)

-Mask 6: Metal etch (both Gate and
Source / Drain)
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Intermediate Summary:
- Semiconductor properties

- Process Integration:
Match Electric function with Design and Materials Properties

- MOSFET properties:
I+ depends on: W/L, d,, b, €., Vyq
V+ depends on d,,, N, Q.. AW, Vg

- Types of MOSFET:
N-Channel, P-Channel, Enhancement-, Depletion-

- Different inverters:
E/E inverter (4 Masks) and E/D inverter (5 or 6 Masks)
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Intermediate Summary:
- Semiconductor properties

- Process Integration:
Match Electric function with Design and Materials Properties

- MOSFET properties:
I+ depends on: W/L, d,, b, €., Vyq
V+ depends on d,,, N, Q.. AW, Vg

- Types of MOSFET:
N-Channel, P-Channel, Enhancement-, Depletion-

- Different inverters:
E/E inverter (4 Masks) and E/D inverter (5 or 6 Masks)
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(L) Onivewsitar 3. Self Aligned Process

DRESDEN

No sub micrometer
integration without
self alignment!




D) ismecs 3.1 Al(Metal)-Gate -> Si-Gate

DRESDEN

The FET has two important Capacities:
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TECHNISCHE 3.1 AI(MCTGI)—GQTQ -> Si-Gate

The FET has two important Capacities:
The Gate capacity

determined by
the charge to form the
inversion channel
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D) ismecs 3.1 Al(Metal)-Gate -> Si-Gate

DRESDEN

The FET has two important Capacities:

The Gate capacity
determined by

7/ | 1 G // the charge to form the
59, ” 777/ 1)

inversion channel

P J and the parasitic

e L capacitors resulting
from the overlap of
p-u the gate metal with
the source/drain
region.
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I,ﬁ?&‘s",ggﬁ'ﬁ 3.1 Al(Metal)-Gate -> Si-Gate

DRESDEN

The FET has two important Capacities:

The Gate capacity
determined by

7/ | 1 G // the charge to form the
59, ” 777/ )%

inversion channel

Eoy h*t <J and the parasitic

e L capacitors resulting
from the overlap of
p-u the gate metal with
the source/drain
region.

The overlap is associated with the limited overlay accuracy of the mask
aligner. (Pattern must be larger by twice the overlay accuracy!)
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() IR Innovation: Si-Gate Process

DRESDEN

i

Remember!
Metal Gate H-wH—T =)
FET s
requires
4 Mask Is
-S/D
‘Fieldox _
‘Contact n*
‘Metal P
=Y e ﬁ
Ln?r) LY
P
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() IR Innovation: Si-Gate Process

DRESDEN

Now, a new integration scheme:

i

Remember!
Metal Gate H-wH—T =)
FET s
requires
4 Mask Is
-S/D
‘Fieldox _
‘Contact n*
‘Metal P
=Y e ﬂ
Ln?r) LY
P
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() IR Innovation: Si-Gate Process

DRESDEN

Now, a new integration scheme:

Remember! We start with the “field
(_\___,f) Oxidized" Wafer
Metal Gate Hm—TavJ

L
-
—

[ nt)
FET s
requires
4 Mask -
Levels: w
-S/D
‘Fieldox |
-Contact ne
‘Metal P
) = A
Ln?r) LY
P
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() IR Innovation: Si-Gate Process

DRESDEN

Now, a new integration scheme:

L

Remember! We start with the “field
(_\___,f) Oxidized" Wafer
Metal Gate H-wH—T =)
FET e
requires define the Field ox
4 Mask - and grow the Gate ox
Levels: w
-S/D
‘Fieldox _
‘Contact n*
‘Metal P
=Y e ﬂ
s __nt)
P
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() IR Innovation: Si-Gate Process

DRESDEN

Now, a new integration scheme:

L

Remember! We start with the “field
(_\___,f) Oxidized" Wafer

Metal Gate H-wH—T =)
FET e
requires define the Field ox
4 Mask - and grow the Gate ox
Levels: Cnt) Ln*]

‘ define a poly Si Gate
-S/D
‘Fieldox _ @
Contact
*Metal

=Y e ﬂ

w.a __nt)
P
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TECHNISCHE Tnnovation: Si-Gate Process

Now, a new integration scheme:

-1

Remember! ‘g,_«——J L\”)
Metal Gate -m_w
FET P g fL___—D—/i

We start with the “field
Oxidized" Wafer

define the Field ox
and grow the Gate ox

4 Mask -
Levels: Y
AT ITTE L, define a poly Si Gate
-S/D Implant S/D
‘Fieldox _
‘Contact
‘Metal
s Y
P
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() IR Innovation: Si-Gate Process

DRESDEN

Now, a new integration scheme:

i

Remember! ¢ We start with the “field
(_\___,f) Oxidized" Wafer
Metal Gate H-wH—T =) ’
R s
requires define the Field ox
4 Mask - ¢ and grow the Gate ox
Levels: Cng . (oY
poéy S¢ define a poly Si Gate
?'/e [I)dox o - 4+ Implant S/D
-Contact | nt P Etch back Gate ox
‘Metal P
=Y e ﬂ
w.a _nt)
P
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() IRmers Innovation: Si-Gate Process

DRESDEN

Now, a new integration scheme:

We start with the “field
Oxidized" Wafer

i

Rememberl!

Metal Gate H-wH—T =)
FET P

requires .

define the Field ox
and grow the Gate ox

L
(,\_,,f)
4 Mask I s
Levels: (n*) i ii
poty S¢ define a poly Si Gate
¥
-S/D —
gl
2.5 - ;
Q&, .'
Y

_ Implant S/D
‘Fieldox _
-Contact n Etch back Gate ox
‘Metal P
L ryy ] __nt)
P
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() IR Innovation: Si-Gate Process

DRESDEN

. . Now, a new integration scheme:
The Si Gate FET is the first

application of a class of process
methods called

We start with the “field
Oxidized" Wafer

self aligned techniques

define the Field ox

In this case: No mask required to and grow the Gate ox

define S/D!
define a poly Si Gate

L
(,\_,,D
Pog S¢
© Miller capacities are minimized S LT Implant S/D
P
2.5 mid ;
)

© overlay requirements are Etch back Gate ox
relaxed

define Metal lines
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() IR Innovation: Si-Gate Process

DRESDEN

. . Now, a new integration scheme:
The Si Gate FET is the first

application of a class of process
methods called

We start with the “field
Oxidized" Wafer

[l
self aligned techniques
: : S } define the Field ox
In this case: No mask required to and grow the Gate ox
—

define S/D!
define a poly Si Gate

© Miller capacities are minimized Implant S/D
© overlay requirements are Etch back Gate ox
relaxed

P
P
oty S¢
¥
n* =
P
2 2 mid ;
n+ :
L\P/
Continue =) {isiEeR 3

"SCT_S5520_09.07" 02:36 C/\:[\/]LPxUS :

define Metal lines
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@ g'R"EVSEDRES'}TAT 0. Introduction/ Lab organization/DMA /SCT1/Motivation <: SC-

1. Process integration

1.MOS Structure, MOS Capacitor BGS I CS

2.Structure of a MOSFET
3.I/V behavior
2. Circuits in Metal-Gate FET Technology
1.Process sequence of N-MOSFET in Metal Gate
2.From inverter Yo memory cell
3.SRAM in NMOS Metal Gate
4.The threshold voltage of the MOSFET
1.Parasitic FET
2.Enhancement/Depletion Transistor
3.N-MOS Logic by E/D Transitors
4.Process sequence of the N-MOS E/D Process
3. Self aligned Process
1.Metal Gate -> Si Gate
2. Channel-Stop & LOCOS Technology
1.Example: Process flow of E/D SiGate LOCOS Inverter
2.LOCOS Variation
3.Shallow Trench Isolation
3.Lightly doped drain
4.SALICIDE
5. Self Aligned Contacts (SAC)
6. Resist trimming
4.Transition to CMOS Technology
1.MOS Transistor Types
2.CMOS Inverter
1.Consideration NMOS E/D Inverter
2.Comparison CMOS Inverter
3.CMOS Process flow (Example CMOS 180 nm process)
5. Further Considerations
1.5caling
1. Challenges
2.Material Equivalent Scaling
3.Further Concepts

http://www.computerhistory.org/siliconengine/timeline/
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»Wissen schafft Briicken.«
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