THREE FABRICATION
EXAMPLES



Fabrication Example 1

* The example shows a 2-D side view of the fabrication
steps for the following
— A ssingle NMOS transistor
— Metall contacts
— Metall layer

EEC 116, B. Baas
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Fabrication — Patterning of SiO,

Si - substrate

Si0, (Oxide) —»

Si - substrate

* Grow SiO, on Si by exposing to O,

Photoresist

SiO, (Oxide) —»

Glass mask
with feature

Insoluble
photoresist

T ;

SiO, (Oxide) —»

— high temperature accelerates this process
e Cover surface with photoresist (PR)

— Sensitive to UV light (wavelength determines feature size)

— Positive PR becomes soluble after exposure

— Negative PR becomes insoluble after exposure

Si - substrate

UV - Light

L

—_——

Exposed photoresist
becomes soluble

Si - substrate

Source: CMOS Digital Integrated Circuits



Fabrication — Patterning of SiO,

Hardened
photoresist

\
Si0, (Oxide) —» K )

Hardened @ @ @ @ Si - substrate

photoresust

Chemical etch (HF acid) or dry etch (plasma)

SiO, (Oxide) ——»

Si - substrate SiO, (Oxide) ——» \ /—

Si - substrate

e Photoresist removed with a solvent
* 5i0O, removed by etching (HF)
* Remaining photoresist removed with another solvent

EEC 116, B. Baas Source: CMOS Digital Integrated Circuits 24



NMQOS Transistor Fabrication

Thin oxide ——» e

Si0, (Oxide) ——»

Si - substrate

e Thick field oxide grown
e Field oxide etched to create area for transistor
e Gate oxide (high quality) grown

EEC 116, B. Baas Source: CMOS Digital Integrated Circuits 2>



NMQOS Transistor Fabrication

Polysilicon

Polysilicon A

Thin oxide —» [

SiO, (Oxide) —» SiO, (Oxide) ——»

Si - substrate Sij - substrate

Polysilicon Polysilicon

PR L L T
s SiO, (Oxide) —»

Si0, (Oxide) —»

Si - substrate

Si - substrate

* Polysilicon deposited (doped to reduce R)
e Polysilicon etched to form gate

* Gate oxide etched from source and drain
— Selt-aligned process because source/drain aligned by gate

* Sidoped with donors to create n+ regions
Source: CMOS Digital Integrated Circuits



NMOS Transistor Fabrication

Insulating

oxide \

SiO, (Oxide) —»

Si - substrate

Insulating

oxide \

SIO, (Oxide) —» [

Si - substrate

Metal (Al)

SiO, (Oxide) —»

Metal

Si - substrate

contact \

Si0,, (Oxide) —» [

n+ n+

Si - substrate

e Insulating SiO, grown to cover surface/gate

* Source/Drain regions opened

* Aluminum evaporated to cover surface

e Aluminum etched to form metall interconnects

Source: CMOS Digital Integrated Circuits



Fabrication Example 2

* The example shows a 3-D view of the fabrication
steps for the following

— A CMOS inverter
* A single NMOS transistor
* A single PMOS transistor

— Metall contacts
— Metall layer

EEC 116, B. Baas
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Inverter Fabrication

GND

Vbobp

—

727 it
Y AAAAAAPAARAAAAAAR SLLLILE: A SAARAAAA

(5%
R, 7
“'/I/W&'

_|

e [nverter
— Logic symbol
— CMOS inverter circuit

NSO
SUNNNNNY

\\\\\\\«\\‘\\\\\

\\\\'\\\\\\ SN

Q B\ 3 N

N ] S M)

N

N o
R

A

z
A R R R v veererer v
G APRAARPAAPPAAARAAAALs SULDTE: S SARAARARAA -

v

11111111111111

— CMOS inverter layout (top view of lithographic masks)



Inverter Fabrication

p

e N-wells created

AT
V2727,
777227777

(OILIIITIII I 7722277777220 707 7707707000000 27007700
27727777
o7

77727
22777
77777
LIILT I I I I LTI I IV I I TP 770 LTI 7707200007 Pr22I I 71177
LI III I LI I I I IIIIIII L2277 7 72707700000 0207 PIII 277777
N (4102077027707 72077727770277 07727272777 1277777
dhkkid Y YA

e Thick field oxide grown surrounding active regions

e Thin gate oxide grown over active regions

Source: CMOS Digital Integrated Circuits



Inverter Fabrication
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e Polysilicon deposited

— Chemical vapor deposition(Places the Poly)
— Dry plasma etch(Removes unwanted Poly)

Source: CMOS Digital Integrated Circuits



Inverter Fabrication
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* N+ and P+ regions created using two masks
Source/Drain regions
Substrate contacts

EEC 116, B. Baas Source: CMOS Digital Integrated Circuits 52



Inverter Fabrication

* Insulating SiO, deposited using CVD
e Source/Drain/Substrate contacts exposed

EEC 116, B. Baas Source: CMOS Digital Integrated Circuits
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Inverter Fabrication

GND
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* Metal (Al) deposited using evaporation
— Metal contacts made with Aluminum here

* Metal patterned by etching

EEC 116, B. Baas Source: CMOS Digital Integrated Circuits 34



Fabrication Example 3

* The example shows a 2-D side view of the fabrication
steps for the following

— A CMOS inverter
* A single NMOS transistor
* A single PMOS transistor

— Metall contacts
— Metall layer

— Metal2 vias

— Metal2

EEC 116, B. Baas
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CMOS Process Walk
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Source: Digital Integrated Circuits, 2nd ©



-Through

CMOS Process Walk
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CMOS Process Walk-Through

poly(silicon)
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(g) After polysilicon deposition
and etch
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CMOS Process Walk-Through

VY

v

ettt
L S
ot a Nt Nt N
ottt
N,
o

AN ':'«:'«:'«:'«:'«:'«I

0,

oSttt TeTetet
L S
o
L S
Tttt etk
o,

Al

(j) After deposition and
patterning of first Al layer.

(k) After deposition of SiO 5
insulator, etching of via’s,
deposition and patterning of
second layer of Al.

Source: Digital Integrated Circuits, 2nd ©



