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4.1 Different Types of MOSFET
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TYPE

CROSS SECTION

QUTPUT
CHARACTERISTICS

TRANSFER
CHARACTERISTICS

n-CHANNEL
ENHANCEMENT

(NORMALLY
OFF)

%

n+ p nt

Io V=4V

Ip

n-CHANNEL

DEPLETION

(NORMALLY
ON)

p-CHANNEL
ENHANCEMENT
(NORMALLY
OFF)

p-CHANNEL

DEPLETION

(NORMALLY
ON)

n P*

p-CHANNEL
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Gponvest 4.2 Transition to the CMOS inverter

DRESDEN 4 2.1 Remember: E/E inverter

Remember
the N-MOS Inverter!
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Gponvest 4.2 Transition to the CMOS inverter

DRESDEN 4 2.1 Remember: E/E inverter

When V; is increased from zero to Vp, a
current flows through the load transistor
for V. > V1 and reaches a saturation value
controlled by the load transistor.

5

Remember
the N-MOS Inverter!
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Gponvest 4.2 Transition to the CMOS inverter

DRESDEN 4 2.1 Remember: E/E inverter

When V; is increased from zero to Vp, a
current flows through the load transistor
for V. > V1 and reaches a saturation value
controlled by the load transistor.

5

Remember
the N-MOS Inverter!

>
% Ve

® When the input is high, the inverter
consumes continuously power!
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G inversits 4.2.2. Hydrodynamic analogy: CMOS Inverter

DRESDEN

Instead of the load device it would be much nicer to have a switching device
that operates complementary!
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G inversits 4.2.2. Hydrodynamic analogy: CMOS Inverter

DRESDEN

Instead of the load device it would be much nicer to have a switching device
that operates complementary! Like the two valves controlled by the piston.

Operation state 1

— 77 7777
%
2
‘\./.
: V 2l
D

A

/A
\7, 7, //,

~
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G inversits 4.2.2. Hydrodynamic analogy: CMOS Inverter

DRESDEN

Instead of the load device it would be much nicer to have a switching device
that operates complementary! Like the two valves controlled by the piston.

Operation state 1 Operation state 2

— 77 7777
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G inversits 4.2.2. Hydrodynamic analogy: CMOS Inverter

DRESDEN

Instead of the load device it would be much nicer to have a switching device
that operates complementary! Like the two valves controlled by the piston.

Operation state 1 Operation state 2

e TS

Something like this can be done by combining a N-MOS and a P-MOS FET:
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(L) Onivewsitar Process - integration
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Application example:
Ring Oscillator

=
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() URnversinar Process - integration

DRESDEN

Application example:
Ring Oscillator
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() URnversinar Process - integration

DRESDEN

Application example:
Ring Oscillator

Multiple stage ring oscillator can be nicely used to determine the switching
speed of a circuit technology. The more stages the more easy to measure.
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gl Application example: Ring Oscillator

DRESDEN

Feeding back last output to first input:
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gl Application example: Ring Oscillator

DRESDEN

Feeding back last output to first input:

Does this circuit
oscillate ?
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gl Application example: Ring Oscillator

DRESDEN

Feeding back last output to first input:

Does this circuit
oscillate ?

No! Last output and first input are both on high.
No reason to change the statel!
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And now?

Page: 24 L12©J. W.Bartha 2021 TUD INTERNAL USE ONLY!



TECHNISCHE : :
UNIVERSITKT Odd number of inverters required!
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And now?
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TECHNISCHE : :
UNIVERSITKT Odd number of inverters required!

DRESDEN

And now?

Back to realization of an inverter with an
active load by using N-MOS and P-MOS FET

Page: 26 L12©J. W. Bartha 2021 TUD INTERNAL USE ONLY!



TECHNISCHE : :
UNIVERSITKT Odd number of inverters required!

DRESDEN

And now?

: = Back to realization of an inverter with an
Continue ﬁ> VIDEO P |
S active load by using N-MOS and P-MOS FET

Page: 27 L12©J. W. Bartha 2021 TUD INTERNAL USE ONLY!

"SCT_S520_12.03" 31:.01


https://videocampus.sachsen.de/m/58d9f8f7a6a4fd4b0e19404cad609d201b7a1a3de2afc9909b1b321d12ff4ff6477383144e1277c64c73e163ab8922763b5d95dfcafc85e0341bc2f66c316f75

gg@g‘@%‘;‘é Functioning of the CMOS Inverter

Remember the N-MOS characteristic.
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gg‘év:%‘é%%';'\% Functioning of the CMOS Inverter

Remember the P-MOS characteristic.

by D
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Remember the N-MOS characteristic.
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CMQOS Inverter

Remember the P-MOS characteristic.
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Remember the N-MOS characteristic.
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Functioning of the CMOS Inverter

Remember the P-MOS characteristic.
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Remember the N-MOS characteristic.
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(L) universimar Functioning of the CMOS Inverter
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Remember the P-MOS characteristic, ¢ts Turn the fransistor around
and plot I instead of I,

o vy AR Tfk
|— —>V Ta .
E: 6S A8 ¥
Va .
QF‘] e \é}y' I- \
t ‘ : ‘:@
__v e O V g t
L o | | > % E_ —> Vs
% s Now we shift each
Remember the N-MOS characteristic. terminal by V!
s
P S 4
v 5 eV V%

_Ps
= 4
|
1<\
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2 [
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>
s

e
<
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(L) universimar Functioning of the CMOS Inverter

DRESDEN

Remember the P-MOS characteristic, ¢ts Turn the fransistor around
and plot I instead of I,

L T i - s

%/f’—-] ~4

\
Ok
|

S
@
o~

Vo O | Ve
o % s Now we shift each
We assemble this to the CMOS inverter: terminal by V!
Vap T ' S ISA ;
Lep I :: ..V ) E
A @ ;
AR = Y= '\
| Vew P _ >
? [ =
i g & 5
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Perfect transfer curve
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Perfect transfer curve

TECHNISCHE Process - integration
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Transfer curve: © Very steep
© vo max ~ sz vo min = 0
© Static power consumption = 0
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Perfect transfer curve

TECHNISCHE Process - integration

%.L_ﬂ' '
:
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- e . = .

Transfer curve: © Very steep
© vo max ~ sz vo min = 0
© Static power consumption = 0

Higher process complexity necessary!
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@i CMOS Concept discovered by Ipg=f(Vps)

DRESDEN
=1 ¥
VDS:-VDD eee 0 >
D
IDS
| |
_V;;s‘
G ¢_O' | — PMmoOs 1
Ves = |_ S |B
'VDD . 0
- - Vos =V
= ‘ Vas = Voo
]DS
| |D
G | NMOS Ve
Ves = I_ S |B
0 000+VDD
Vis

Page: 37 L12©J. W. Bartha 2021 TUD INTERNAL USE ONLY!



@i CMOS Concept discovered by Ipg=f(Vps)
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@i CMOS Concept discovered by Ipg=f(Vps)

DRESDEN
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G\Z_O' \1,
Ves = |—|

VDS = 0 coe VDD

f. =V
'/GS - IDIJ

VDS > 0 CDO+VDD 1 I&S‘ NMos

D J

NMOS .

0Ss

Page: 39 L12©J. W.Bartha 2021 TUD INTERNAL USE ONLY!



@it CMOS Concept discovered by Ipg=f(Vps)
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Concept of the CMOS Inverter

Input = low
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Y Concept of the CMOS Inverter
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Concept of the CMOS Inverter
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Concept of the CMOS Inverter
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Y Concept of the CMOS Inverter

DRESDEN

7l
»

VDD — 1-0 V YT YVUD—VT

Vg / Io /4 :

]S :
-d | PMOS V=08 \_# — '
0 Y2V V.
I_ D . o : V.JD I 8]3
V, =0.8— —> \,=0.05V 1 Voo in =
ou 1 =~
|JD : -3 g g
I NMOS ! " N
mE = 22
: 23
= : z3
< 2=
8 e 23
[ Cw
— s D=z == =z >
DZ ovor > >
8‘_4_%% B; e |
N w
s Y 3E

Page: 45 L12 ©J. W. Bartha 2021 TUD INTERNAL UsE ONLY!



() URmenes Concept of the CMOS Inverter
DRESDEN Input = high
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Ideal: long channel & I, ;(N)=Iy.+(P)

|lm‘| (R -
A 7.=10

/

To get closer to ideal, design of FET width W(P) > W(N) !
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Complementary ] “1 )
MOS " J :
(Utilizing /C’ £ 53

P - Substrat

NMOS & ol
PMOS)

Inverter ==

[F]
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CMOS
Complementary

MOS
(Utilizing

NMOS &
PMOS)

Inverter F
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TECHNISCHE CMOS Inverter

P -Substrat

Aus: Schumiki, Seegebrecht ,,Prozefitechnologie” Springer 1991
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TECHNISCHE CMOS Inverter

DRESDEN

P -Substrat

Aus: Schumiki, Seegebrecht ,,Prozefitechnologie” Springer 1991

Continue =) wo&o’ﬁ;‘j

"HLT_SS520_12.04" 36:28 %l:’l[FjUS il
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@i 4.3. CMOS Prozessablauf
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Metal
contact
to NMOS
drain

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf
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; AR :L ! Z 1 contact
b b : ! N to PMOS
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| Metal Metal
contact contact +—»
to p-well to n-well

CMOS inverter physical layout



@Bﬁ?&"n‘?ﬁ'ﬁ 4.3. CMOS Prozessablauf
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CMOS Inverter:

Epi Wafer-

Dual well-

STI-

SiGate-

LDD (S/D extensions)-
SALICIDE-

SAC-

Dielecric CMP

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf
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Metal
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drain

Substrate - P+

CMOS wafer after metal 1

Metal contact Metal contact to
to sources gate polysilicon
f Gate polysilicon

PR R R AR TR IR R IR RN AR Rt R AR ARt R e - ‘
V | ——
NMOS gate — ' 1 — PMOS gate
| NMOS —-:l\ 1——/1 PMOS
B = =
i
! =
Metal Metal
contact contact —»
o p-well to n-well
!

4

[
p-well edge ——

\— n-well edge

CMOS inverter physical layout

Metal
contact

| to PMOS

drain



@ UNIVERSITAT CMOS Inverter-STI

DRESDEN

Taken from IC Knowledge 2008

http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

u

L]

Grow thin strass relief Si0, layer.

Depoasit Si,N, polish stop layer.

Apply photoresist and pattern with shallow
tranch isolation mask.

Etch Si N, polish stop layer.

Etch thin stress relief SiO,, layer.
Etch shallow trenches into silicon.
Strip the photorasist.

Grow thin Si0, layer to round off the trench
corners,

Deposit thick SiO; fayer to fill the trenches.

Chemical mechanical planarise the SiO,
trench fill layer down to the top of the Si,N,
potish stop layer.

Strip off the Si;N, polish stop layer and etch
back the trench fill SiO, fayer.

Shallow trench isolation formation
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@ ONIVERSITAT CMOS Inverter-STI

DRESDEN

Grow thin strass relief Si0, layer.
Depoasit Si,N, polish stop layer.
Apply photoresist and pattern with shallow

N N
: Q§ : Q§ : tranch isolation mask.

Etch Si N, polish stop layer.

Etch thin stress relief SiO,, layer.
Etch shallow trenches into silicon.
Strip the photorasist.

Sio, Sio, Sio,

Epitaxial layer - P-

« Grow thin Si0, layer to round off the trench
cornars,

Substrate - P+

CMOS wafer after shallow trench isolation

‘ l ’ | » Deaposit thick SiO, fayer to fill the trenches.
« Chemical mechanical planarise the SiO,
trench fill layer down to the top of the Si,N,

polish stop layer.

« Strip off the Si;N, polish stop layer and etch
back the trench fill SiO, fayer.

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

=

Shallow trench isolation formation
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@ ONIVERSITAT CMOS Inverter-wells

DRESDEN

1]

Ptype
P-well
Ptyps
Pwe
IRRRR 1 l 1 l l
P type N type
Pl Newell
Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf P ype Ntype
“Pawsi” "N-weall"
N
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Apply photoresist and pattern with P-well
mask.

fon implant P type dopanis to create the P-
well. Note that the P-well may be created by
using multiple sequential implants with
diffarent characteristics to create different
dopant levels at different depths into the
silicon optimizing threshold and punch
through voitages.

Strip the P-well photorasist.
Apply photoresist and pattern with N-well
mask.

lon implant N type dopants to create the N-
well. Note that the N-well may be created by
using multiple sequential impiants with
different characteristics to craate differant
dopant lavels at different depths into the
silicon optimizing threshold and punch
through voltages.

Stnp the N-weil photoresist.
Rapid thermal anneal the wells.

Well formation
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CMOS Inverter-wells

SO, SiO,
P-well N-well

Si0,

1]

Ptype
“P-well"

Substrate - P+

CMOS wafer after well formation

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

Page: 57 L12©J. W. Bartha 2021 TUD INTERNAL USE ONLY!

P type
“P-weil”

N type

Apply photoresist and pattern with P-well
mask.

fon implant P type dopanis to create the P-
well. Note that the P-well may be created by
using multiple sequential implants with
diffarent characteristics to create different
dopant levels at different depths into the
silicon optimizing threshold and punch
through voitages.

Strip the P-well photorasist.
Apply photoresist and pattern with N-well
mask.

lon implant N type dopants to create the N-
well. Note that the N-well may be created by
using multiple sequential impiants with
different characteristics to create differant
dopant lavels at different depths into the
silicon optimizing threshold and punch
through voltages.

Stnp the N-well photorasist.
Rapid thermal anneal the wells.

Well formation
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DRESDEN

Nitrided gate SiO, region

« Strip off thin Si0,.

« Grow sacrificial gate SiO, layer and strip back
off.

« Grow gate SiO, layer.

« Anneal gate Si0O, in NO to create nitrogen
layer.

« Deposit polysilicon.

« Daposit thin SN, layer anti reflective layer.

H H « Apply photoresist and pattern with the gate
mask.

« Etch the thin Si,N, anti reflective layer

T T 7 « Efch the polysilicon and stop on the

underlying gate SiO..

Strip the gate photoresist.

Strip the thin anti reflective SiN, layer.
Oxidize the polysilicon.

Apply photoresist and pattern with the N-
extension mask.

« lon implant the N-axtension regions with N

Taken from IC Knowledge 2008 l l l l l
http://www.icknowledge.com/misc_ :
technology/Overview%20Post.pdf

= « Strip the gate photoresist.
« Apply photoresist and pattern with the P-
extansion mask.
7 « lon implant the P-extension regions with P
type dopant.

CMOS gate and drain extension formation
Page: 58 L12 ©J. W. Bartha 2021 TUD INTERNAL USE ONLY! 2



@Eﬁ?\"‘s"n'éﬁ’% CMOS Inverter-Si Gate & S/D extensions

DRESDEN

Gate Nitrided gate SiO, region
< :i';’i‘go"’:mus « Strip off thin SiO,.
i ' « Grow sacrificial gate SiO, layer and strip back
) L\'\,_\ -\; : .\ Off.

« Grow gate SiO, layer.

« Anneal gate Si0O, in NO to create nitrogen

B
g i) &
|

. layer.
x/ % « Deposit polysificon.
A A ) : « Daposit thin SN, layer anti reflective layer.
Sio, Drain Sio, Drain Sio,
extensions extensions
—) N type g P type H H
L P-well l N-well j : « Apply photoresist and pattern with the gate
mask.
« Etch the thin Si,N, anti reflective layer
| Fis 7 « Etch the polysilicon and stop on the
Substrate - P+ underlying gate SiO..
CMOS wafer after gate and drain extension formation l l l l l l l l l l
£l ] .t
= « Strip the gate photoresist.
« Strip the thin anti reflective SIN, layer.
« Oxidize the polysilicon.
1\ 7 « Apply photoresist and pattern with the N-
extension mask.

« lon implant the N-axtension regions with N

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

« Strip the gate photoresist.

« Apply photoresist and pattern with the P-
extansion mask.

« lon implant the P-extension regions with P
type dopant.

CMOS gate and drain extension formation
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@ UNIVERSITAT CMOS Inverter-S/D formation

DRESDEN

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf
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ERNREERE

Strip the P-axtension photorasist.
Deposit SizN, layar.

Etch back the Si,N, layer using an anisotropic
etch proceass (directional etch). Stop on the
underfying SiO, layer.

Apply photoresist and pattern with the N
source-drain mask

lon impiant the N source-drain regions with N
type dopant.

Strip N source-drain photorasist,

Apply photorasist and pattern with the P
source-drain mask.

lon implant the P source-drain regions with N
type dopant,

Strip P source-drain photorasist.
Rapid thermal anneal the drain extension and
drain-source ion implants.

CMOS source-drain formation process
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CMOS Inverter-S/D formation

Spacers

Gate
amorphous
silicon

Extensions - P
Source-drain - P+

N-well

; Extensions - N

Source-drain - N+
P-well

5

Substrate - P+

CMOS wafer following source-drain formation

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf
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Strip the P-axtension photorasist.
Deposit SizN, layar.

Etch back the Si,N, layer using an anisotropic
etch proceass (directional etch). Stop on the
underfying SiO, layer.

Apply photoresist and pattern with the N
source-drain mask.

lon impiant the N source-drain regions with N
type dopant.

Strip N source-drain photorasist,

Apply photorasist and pattern with the P
source-drain mask.

lon implant the P source-drain regions with N
type dopant.

Strip P source-drain photorasist.
Rapid thermal anneal the drain extension and
drain-source ion implants.

CMOS source-drain formation process
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« Etch off thin oxide over the source-drains.

« Deoposit thin Co metal layer.

+ Rapid thermal anneal the metal layer to form CoSi,
whera the metal layer touches Si. No CoSi,, is formed
where the Co contacts SiO, or Si;N,.

+ Etch off un-reacted Co. The etch is selective ramoving
un-reacted Co and leaving CoSi,.

» Rapid thermal anneal CoSi; to create low resistance
phasa. This rapid thermal anneal is performed at a
higher temperature than the criginal anneal.

« Deposit thin Si,N, etch-stop layer.
+ Deposit thick SiO, layer.

« Chemical mechanical planarization.
« Deaposit a thin SiO, capping layer.

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

« Apply photoresist and pattern with the contact mask.
« Etch thick SiO,and stop on the Si N, layer.

« Etchthe SijN, layer.

Page: 62 L12 ©J. W. Bartha 2021 TUD INTERNAL USE ONLY! CMOS contact formation process
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SiL,N, spacer
CoSi, | S'QN‘ ?h : Contact opening
I elch sto
= P \\

P-well N-well

Substrate - P+

CMOS wafer following contact etch

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf
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Etch off thin oxide over the source-drains.

Deposit thin Co metal layer.

Rapid thermal anneal the metal layer to form CoSi,
whera the metal layer touches Si. No CoSi, is formed
where the Co contacts SiO, or Si;N,.

Etch off un-reacted Co. The etch is selective ramoving
un-reacted Co and leaving CoSi,.
Rapid thermal anneal CoSi; to create low resistance

phasa. This rapid thermal anneal is performed at a
higher temperature than the cniginal anneal.

Deposit thin Si,N, etch-stop layer.
Deposit thick Si0, layer.

Chemical mechanical planarization.
Deposit a thin SiO,, capping layer.

Apply photoresist and pattern with the contact mask.
Etch thick SiO,and stop on the Si;N, layer.
Etch the SijN, layer.

CMOS contact formation process
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DRESDEN

= Strip contact photoresist.
» Daposit thin Ti “glue” layer.
» Deposit thick W "plug” layer.

» Chemical mechanical planarize the W layer.

Daposit thin Ti “glue” layer.

Depaosit thin TiN “barrier” laysr.

Daposit AICu interconnect layer 1.

Daposit thin Ti layer to prevent AIN formation.
Daposit TiN antireflective layer,

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_

technology/Overview%20Post.pdf »  Apply photoresist and pattern with Metal 1

mask.
» Eich matal stack.
» Sirp metal 1 photoresist.
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@Bﬁf\'fs"n'?ﬁ%? CMOS Inverter- Metal 1

DRESDEN

Substrate - P+

CMOS wafer after metal 1

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf
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= Strip contact photoresist.
» Daposit thin Ti “gluse” layer.
» Deposit thick W "plug” layer.

» Chemical mechanical planarize the W layer.

Daposit thin Ti "glue” layer.

Deposit thin TIN “barrier” laysr.

Depasit AICu interconnect layer 1.

Daposit thin Ti layer 1o prevent AIN formation.
Daposit TiN antireflective layer.

» Apply photorasist and pattern with Metal 1
mask.

» Eich matal stack.

» Sirp metal 1 photoresist.

CMOS metal 1 process
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« Deposit thick inter-layer SiO..
« Chemical mechanical planarise SiO, layer.
+ Deposit thin SiO, "capping” layer,

« Apply photoresist and patiern with Via 1 mask.
« Etchinterevel SiO; layer.

Strip the Via 1 photorasist.
Deposit thin Ti "glue” layer.

=1-1-T—

Wl sl Deposit thick W "Via™ fill layer.
- . Chemical mechanical planarise the W layer.

Deposit thin Ti “glue” layer.

Depesit thin TiN “barrier” layer.

Deposit AlCu interconnect layer 1.

Deposit thin Ti layer to prevent AIN formation.
Deposit TiN antireflective layer.

Apply photoresist and pattern with metal 2 mask.
Etch metal stack.

Strip matal 2 photoresist.
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Metal 6

Metal 5

Metal 4

Metal 3

Metal 2

Metal 1

CMOS wafer with six levels of metal
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Deposit thick intar-layer SiO..
Chemical mechanical planarise SiO, layer.
Depasit thin SiO, “capping” layer.

Apply photoresist and patiern with Via 1 mask.
Etch interlevel SiO; layer.

Strip the Via 1 photorasist.

Deposit thin Ti "glue” layer.

Deposit thick W “Vaa fill layer.

Chemical mechanical planarise the W layer.

Deposit thin Ti “glue” layer.

Depoesit thin TiN “barrier” layer.

Deposit AlCu interconnect layer 1.

Deposit thin Ti layer to prevent AIN formation.
Deposit TiN antireflective layer.

Apply photoresist and pattern with metal 2 mask.
Etch metal stack.

Strip matal 2 photoresist.

CMOS metal 2 process



55?5'5":2'555'15 CMOS Inverter-Metal 2 +

DRESDEN

« Deposit thick inter-layer SiO..
« Chemical mechanical planarise SiO, layer.
+ Deposit thin SiO; "capping” layer.

Metal 6
Metal 5
Metal 4 « Apply photoresist and pattern with Via 1 mask.
j '! « Etch interlevel SiO; layer.
Metal 3
Metal 2
Metal 1 « Strip the Via 1 photoresist.
« Deposit thin Ti “glue” layer.
+ Deposit thick W "\aa” fill layer.
« Chemical mechanical planarise the W layer.

Deposit thin Ti “glue” layer.

Depoesit thin TiN “barrier” layer.

Deposit AlCu interconnect layer 1.

Deposit thin Ti layer to prevent AIN formation.
Deposit TiN antireflective layer.

Apply photoresist and pattern with metal 2 mask.
Etch metal stack.

Strip matal 2 photoresist.

CMOS wafer with six levels of metal

In this scheme:
Metal is etched and Oxide is polished!
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Alternative
Metallization

Scheme I e
« Apply photoresist and pattern

e Deposit SiO, layer

* Etch photoresist pattern into the SiO,
layer.,

* Deposit metal layer

Planarize the metal flat with the SiO,

Damascene process

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf
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Alternative
Metallization
Scheme

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

¢ Deposit SiO, interlayer
) ¢ Deposit SisN,4 efch stop layer
* Deposit SiO, interconnect layer

e Apply photoresist and pattern with the
via mask
e Etch SiO,, stop on the Si;N,

« Etch SigN,

* Apply photoresist and pattern with the
metal mask

* Etch SiO,, stop on the Si;N,, this etch
etches the metal area and completes
the via etch simultaneously.

Sputter deposit TaN barrier layer
Sputter deposit Cu "seed" layer
Electroplate Cu to fill via and metal
opening.

o CMP planarize the metal layer

Copper dual damascene process
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WL

Vdd

-
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(L) universimar Example for a logic circuit: CMOS Adder

DRESDEN

Integrated Circuit
of a Logic Adder
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TECHNISCHE .
g'R"EVSEDRES'}TAT OUTI l ne 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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http://www.computerhistory.org/siliconengine/timeline/
https://bildungsportal.sachsen.de/opal/auth/RepositoryEntry/5690753028/CourseNode/101358303504339/Lab%20task
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»Wissen schafft Briicken.«
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