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CMOS ICs Fabrication

* CMOS transistors and CMOS ICs are
fabricated on silicon wafers

* Photo-Lithography process is used for the
fabrication and it is similar to printing press

* On each step of different materials are
deposited or etched



Silicon Ingot

Silicon Ingot and Wafer Manufacturing

Ingot Wafer

From Smithsonian, 2000



Photo-Lithographic Process
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photoresist
developmentj
__ acid etch i
" process
. step

spin, rinse, dry



CMOS Process insight

Define active areas

Etch and fill trenches
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Implant source and drain
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Create contact and via windows
Deposit and pattern metal layers




Patterning of SIO2 - Basic Steps
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Creating Diffusion Regions
CMOS PROCESSING TECHNOLOGY

DIFFUSION PROCESS
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-> Boron typically used for p-type doping
-> Arsenic and Phosphorus are typically used for n-type doping.



Fabrication Steps in Si-Gate (self-aligned) NMOS Process
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CMOS Process Walk-Through

Fabrication of nMOS and pMOS transistors process example

Typical N-Well CMOS Process

Physical Structure Mask Top View

n-well -
p-substrate

n-well

nitride—
oxide
I I
active

— photoresist
+

Tt
p-substrate h 1
channel stop
thick field =
oxide
p-substrate
p-substrate polysilicon

BT

p-substrate n* mask




CMOS Process Walk-Through
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Contacts and Vias in CMOS Fabrication
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MOSIS (MOS Implementation
layout design rules

Rule number Description A-Rule
Active area rules

R1 Minimum active area width 3A
R2 Minimum active area spacing 3A

Polysilicon rules

R3 Minimum poly width : C2A
R4 . Minimum poly spacing 2A
RS Minimum gate extension of poly over active 22
_R6 Minimum poly-active edge spacing 1A
(poly outside active area)
R7 Minimum poly-active edge spacing 32
(poly inside active area)
Metal rules
R8 Minimum metal width 3A
R9 Minimum metal spacing 3

Contact rules

R10 Poly contact size 22X
R11 Minimum poly contact spacing 2a
R12 Minimum poly contact to poly edge spacing 1A
R13 Minimum poly contact to metal edge spacing 1A
R14 Minimum poly contact to active edge spacing 3A
R15 Active contact size 2A
R16 Minimum active contact spacing 2A
(on the same active region)
R17 Minimum active contact to active edge spacing 1A
RI8 Minimum active contact to metal edge spacing 1A
RI19 Minimum active contact to poly edge spacing 3A
R20 Minimum active contact spacing 6A

(on different active regions)



Rule number
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MOSIS (MOS Implementation
layout design rules

Description
Active area rules

Minimum active area width
Minimum active area spacing

Polysilicon rules

Minimum poly width

Minimum poly spacing

Minimum gate extension of poly over active
Minimum poly-active edge spacing

(poly outside active area)

Minimum poly-active edge spacing

(poly inside active area)

Metal rules

Minimum metal width
Minimum metal spacing

Cunthct rules

Poly contact size

Minimum poly contact spacing

Minimum poly contact to poly edge spacing
Minimum poly contact to metal edge spacing
Minimum poly contact to active edge spacing

Active contact size

Minimum active contact spacing

(on the same active region)

Minimum active contact to active edge spacing
Minimum active contact to metal edge spacing
Minimum active contact to poly edge spacing
Minimum active contact spacing

(on different active regions)
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CMOS Inverter Layout Design Example
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CMOS Inverter Layout Design Example
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CMOS Inverter Layout Design Example

" minimum width of

the active area

minimum width
of polysilicon
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contact to active edge

rﬁlnimum contact size ]
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contact to active edge
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i contact to polysllicon edge

minimum length of active area

Design rules which determine the dimensions of a min size transistor




CMOS Inverter Layout Design Example
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Design rules which determine the separation between nMOS and pMOS
transistor




CMOS Inverter Layout Design Example
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Complete mask layout of the CMOS inverter




Packaging Requirements

Electrical: Low parasitics
Mechanical: Reliable and robust
Thermal: Efficient heat removal
Economical: Cheap



Bonding Techniques
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Flip-Chip Bonding

Die

Solder bumps \@

Interconnect
—

layers

Substrate



Package Types




Package Parameters

Package Type Capacitance | Inductance
(pF) (nH)
68 Pin Plastic DIP 4 33
68 Pin Ceramic DIP 7 20
236 Pin Pin Grid Array 3 15
Wire Bond 1 1
Solder Bump 0.5 0.1

Typical Capacitances and Inductances of Various Package and Bonding Styles {(from
[Sze83])
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