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A Modern CMOS Process
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Two cascaded inverters { Layout View

Diameter
12 inches
(300 mm)

Weight
100 Kg

450 INVERTER,  2pp INVERTER

Silicon ingot




Photo-Lithographic Process

optical
@ mask
Oxidation 1000 C

photoresist
removal (ashing)

Typical operations in a single
photolithographic cycle (from [Fullman]).

acid etch

photoresist coating (1um)

stepper exposure'

photoresist [
developmentugs

b

Clean room
(class 1-10)

Def:

Class 1:

<1 dust
particle per
cubic foot

In each processing step, an area of the chip is masked out using optical
masks, so that the process step is selectively applied to the other regions

Example of process step:
Patterning of SiO2

Si-substrate

iIicon base material

Photoresist

SiO2

Wavee

Si-substrate

(b) After oxidation and deposition
of negative photoresist

8

Patterned
optical mask

4-Exposed resist

Si-substrate

(c) Stepper exposure

1 1 1 1 1 1 gtl;?]micalorplazja_n-{g

Hardened resist Pm‘zN
Sig, oF
Si-substrate '\:HE MA%k'
—————tsFRMISFEREED
) ) “Ue
(d) After development and etching of resist,
chemical oF plasma etch of SiO, PUSTOLRSIST
Hardened resist
SiO2
FUASHA
Si-substrate g{w | NGQ'

(e) After etching

SiO2
Si-substrate

(f) Final result after removal of resist
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Recurring process steps (1/2) i

D i ( ,’\(:( :E:L;
* Doping Ch LR
— Diffusion (gas with dopant, 900-1100 °C) —> LE
— lon implantation . 06

* Lattice damage (displacement of atoms)

— Annealing step (1000 °C for 15-30 + slow cooling) L—+

* Deposition (of layers over the complete wafer) —]
— Oxidation [silicon oxide] E:

— Chemical Vapor Deposition: gas phase + heat (850 °C) l ! !
[silicon nitride]

— Chemical deposition (polysilicon: silane (SiH,) gas over
heated wafer (600 °C) = reaction an polysilicon formation—pgm.

— Sputtering (for aluminum): evaporation in vacuum e
£

chamber UheewH —7

CHAMBER WA

Recurring process steps (2/2)

* Etching (defines 3D patterns on the surface)
— tching (with acid or basic solutions)
 e.g. Hydrofluoric acid for silicon oxide
* Almost isotropic
—or plasma etching
* Plasma: mix of nitrogen, chlorine, boron trichloride
 Strongly anisotropic (steep vertical edges)
* Planarization (flatten the surface to allow layer deposition)
— Chemical Mechanical Polishing (CMP)
* Liquid carrier with a suspended abrasive component



Simplified CMOS Process flow

Define active areas
Etch and fill trenches

J

Implant well regions

A

A
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Deposit and pattern
polysilicon layer
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Implant source and drain
L regions and substrate contacts |
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Vs

Create contact and via windows
L Deposit and pattern metal Iayers)

~
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Active areas: where transistolrs are

Field oxide: insulator betweepn
neighboring devices

Wells in the active areas

Gate stack
¥E
Contact doping

¥

BACk
Metal Interconnects VD

CMOS Process Walk-Through

.

(a) Base material: p+ substrate

with p-epi layer

e

o Silicon  NrRWwe
SiN
34

SiC& (b) After deposition of gate-oxide and
sacrificial nitride (acts as a

buffer layer)

(c) After plasma etch of insulating
trenches using the inverse of

the active area mask




CMOS Process Walk-Through

Siq
DD, S
(d) After trench filling, CMP
planarization, and removal of
sacrificial nitride
———

¥

z

(e) After n-well and
VTp adjust implants

~— )

(f) After p-well and
VTn adjust implants

—
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CMOS Process Walk-Through

/poly(silicon)

(g) After polysilicon deposition
and etch

(h) After n+ source/drain and
p+rsource/drain implants. These
steps also dope the polysilicon.

b \ Sig

(i) After deposition of SiO
insulator and contact holezetch.
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CMOS Process Walk-Through

(j) After deposition and

RS patterning of first Al layer.

(k) After deposition of SiO 2
insulator, etching of via’s,
deposition and patterning of
second layer of Al.
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Advanced Metallization

Dual damascene IC process

» Oxide deposition

* Stud lithography and
reactive ion etch

* Wire lithography and
reactive ion etch

* Stud and wire
metal deposition

+ Metal chemical-
mechanical polish

Source: IBM Corp.
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CMOS Manufacturing process

Fabrication

Circuit design
process

Circuit Design Process
designer rule set engineer

All material: Chap. 2 of J. Rabaey, A. Chandrakasan, B. Nikolic, Digital
Integrated Circuits, second edition, Prentice Halls, 2002

Design Rules

 Minimum line width depends on lithography and
process

* Micron rules: absolute dimensions for intra-layer
and inter-layer layouts

20



Example: Layers in 0.25 um CMOS process

Layer Description Representation
- . . \
ml m2 m3 ms
well
nw
polysilicon
poly
e FE R [
contacts & vias iisl f——=
| FEEbE b e =
Ty
i i f—
ct v12.v23 v34.v45 nwe pwe
active area
and FETs
ndif pdif nfet pfet
select
s
nplus pplus prb

Colorplate 1. CMOS layers and representations

ot (for vanilla 0.25 um CMQOS process)

Intra-Layer Design Rules

£
.
T
well (7) |
61 il 0.32u
- o 2
0.3

o [

=53

= o3 -
R L3
~cals - - 0¢M
Toon —
O.du
s
0 ddp
T - s
- " m5
046
044 t ke
- = eﬂlll_; 0.44u
select GMM X
P contact via
-
0. 4dp - -
b 03
= e - .-
03

Gd4p

22 Colorplate 2. Intra-layer layout design rules, expressed as minimum dimensions and spacings.



Inter-layer rules: Transistor Layout

transistor
i Colorplate 3. Design rules
concerning transistor layout.
The device shown is a

- 0.6p PMOS transistor.
well boundary v

23

Inter-layer rules: Vias and Contacts

0.3 (contact to contact)
4 »

0.36u

: 0.14u (poly to contact)

7 0.09u (metal to contact)

0.14 1 (ndif to contact)

Colorplate 4. Design rules regarding contacts and vias.
Overlapping layers are marked by merged colors.
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Inter-layer rules: Select Layer

n+ select p+ select
n-well contact p-well contact

n-well implicit p-substrate

Colorplate 5. Design rules regarding well contacts and
select layers.

CMOS Inverter Layout

- n-well contact

Vdd
- PMOS
In QOut
poly-metal
contact
GND NMOS

p-well contact

Colorplate 6. Layout of inverter in 0.25 um CMOS technology.



Layout Editor & Design Rule Checker

T I S

ARl

[ drcidone in <|f I sout)f -1.150, 4.100| box:

poly_not_fet to all_diff minimum
spacing = 0.14 um.
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tick Diagram

Dimensionless layout entities

Only topology is important
Out

Final layout generated by
“compaction” program

Stick diagram of inverter
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Packaging Requirements

Packages must satisfy different types of
requirements

e Electrical: Low parasitics

* Mechanical: Reliable and robust
* Thermal: Efficient heat removal
* Economical: Cheap
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Bonding Techniques

Wire Bonding

Substrate SZ,

Die

Pad

‘ Lead Frame

Gold wires, large inductance
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Tape-Automated Bonding (TAB)

i procket

" hole

Film + Pattern Solder Bump

Tes —— —
pads L OO
Lead
™ frame Substrate
(b) Die attachment using solder bumps.
Polymer film

(a) Polymer Tape with imprinted

wiring pattern.
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Flip-Chip Bonding

Die

L — Top (where circuit is)

Interconnect

Solder bumps

layers

Substrate
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Package-to-Board Interconnect

(a) Through-Hole Mounting (b) Surface Mount
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Package Types




Package Parameters

Package Type Capacitance | Inductance

(pF) (nH)

68 Pin Plastic DIP 4 35

68 Pin Ceramic DIP 7 20

256 Pin Pin Grid Array 5 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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Multi-Chip Modules

36



