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FIGURE 1.7 Silicon lattice and dopant atoms
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FIGURE 1.9 nMQOS transistor (a) and pMOS transistor (b)




nMOS

oMOS




A-— Y
GND
(a)
A v FIGURE 1.11

Inverter schematic
(@) and symbol

(b) b) Y=7




oto-Lithographic Process

optical
mask

oxidation

photoresist
removal (ashing)

photoresist coating

stepper exposure

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

photoresist :
development i

acid etch
process spin, rinse, dry
step
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Patterning of S102

Si-substrate

(a) Silicon base material

Photoresist
SiO2

Si-substrate

(b) After oxidation and deposition
of negative photoresist

UV-light
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I—_—' Optical mask
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Si-substrate

(c) Stepper exposure

Copyright © 2011 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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Hardened resist

SiO2

Si-substrate

(d) After development and etching of resist,
chemical or plasma etch of SiO

2
Hardened resist
SiO2
Si-substrate
(e) After etching
SiO2

Si-substrate

(f) Final result after removal of resist




CMOS Process at a Glance

Define active areas
Etch and fill trenches

Implant well regions

Deposit and pattern
polysilicon layer

Implant source and drain
regions and substrate contacts

Create contact and via windows
Deposit and pattern metal layers
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FIGURE 1.34 Inverter cross-section with well and substrate contacts. Color version on inside front cover.




FIGURE 1.35

(d)

Inverter mask set. Color version on inside front cover.
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FIGURE 1.37

Cross-sections while manufactuing
polysilicon and n-diffusion
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FIGURE 1.44 Pitch of routing tracks




FIGURE 1.45 Spacing between nMOS and pMOS transistors
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FIGURE 1.46 3-input NAND gate area estimation
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CMOS Process Walk
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MOS Process Walk-Through

poly(silicon)

(g) After polysilicon deposition

and etch
.
- o (h) After n+ source/drain and
REEEX p+tsource/drain implants. These

steps also dope the polysilicon.

SiC}

AAGOO, AV

(i) After deposition of SiO

E 0 insulator and contact holéfetch.

I M,

sttt tetetatetetetatatetel
Bttt ettt e et
b o




CMOS Process Walk-Through

VY

v

TSt Ta et T Tat e,
L S S
I,

ettt
et ettt
o

AN ':'«:'«:'«:'«:'«:'«I

v

ettt
L
o
L S
I,
o

Copyright © 2011 Pearson Education, Inc. Publishing as Pearson Addison-Wesley

(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.




Advanced Metallization




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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3D Perspective

Polysilicon  Alyminum
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(| GATE

;\l: ‘, 'L:.?I;;Y:L@"L:;';;i:‘”- ' J
Oxide =3

Source / Drain
Regions




3D Perspective

Polysilicon  Alyminum

Gate
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Design Rules

* Interface between designer and process
engineer
« Guidelines for constructing process masks
« Unit dimension: Minimum line width
— scalable design rules: lambda parameter

— absolute dimensions (micron rules)
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CMOS Process Layers

Layer Color Representation
Well (p,n) Yellow

Active Area (n+,p+) Green

Select (p+,n+) Green

Polysilicon Red ]
Metall Blue I
Metal? Magenta
Contact To Poly Black

I
Contact To Diffusion Black ]
Via Black I




Layers in 0.25 um CMOS

Nnroncaca

Laver Descnption Eepresentation
ml mt m3 m5
well
oy
polysilicon
contacts & vias
active arca
and FETs
select
nplus pplus prh
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Intra-Layer Design Rules
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Transistor Layout
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CMOS Inverter Layout
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Design Rule Checker




Sticks Diagram

» Dimensionless layout entities

» Only topology is important

 Final layout generated by
“‘compaction” program

Stick diagram of inverter
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FIGURE 1.12 2-input NAND
% gate schematic (a) and symbol
(b)) Y=A-B

(b)
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FIGURE 1.13 3-input NAND
gate schematic Y=A-B-C




FIGURE 1.14 General logic gate using
pull-up and pull-down networks
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pull-down
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FIGURE 1.16 2-input NOR

gate schematic (a) and symbol

b) Y=7+ B (b)
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FIGURE 1.17 3-input NOR

gate schematic Y=A+ B+ C







FIGURE 1.19
CMOS compound gate
for function

Y=(A+B+C)-D
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FIGURE 1.20 Pass transistor strong and degraded outputs
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FIGURE 1.21 Transmission gate
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FIGURE 1.22

Bad noninverting buffer
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FIGURE 1.23 Various implementations -
of a CMOS 4-input AND gate
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with transistor counts indicated
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FIGURE 1.26 E N
Transmission gate
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FIGURE 1.31 CMOS positive-level-sensitive D latch
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FIGURE 1.32 CMOS positive-edge-triggered D flip-flop
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FIGURE 1.33 CMOS flip-flop with two-phase nonoverlapping clocks
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FIGURE 1.48 Y Diagram. Reproduced from [Kang03] with Chip
with permission of The McGraw-Hill Floorplan
Companies.
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FIGURE 1.56 Top-level MIPS block diagram
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FIGURE 1.57 8-bit 2:1
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FIGURE 1.58 MIPS design hierarchy




FIGURE 1.59 Full adder
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FIGURE 1.60 Circuit delay
and power: (a) inverter pair,
(b) transistor-level model
showing capacitance and
current during switching, (c)
static leakage current during
guiescent operation
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FIGURE 1.61 Carry subcircuit (b)
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FIGURE 1.64 MIPS controller layout (synthesized)
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FIGURE 1.65 Synthesized
MIPS processor
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FIGURE 1.67 MIPS datapath layout
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Specification
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Architecture
Design
l Function
Logic
Design \
l @ Function
Circuit
Design
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l Timing
Power
Physical
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J FIGURE 1.70 Design and verification sequence
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FIGURE 1.71 Engineer holding processed
12-inch wafer. Photograph courtesy of the Intel
Corporation.
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FIGURE 1.72 MIPS processor photomicrograph (only part of pad frame shown)
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FIGURE 1.73 Chip in a 40-pin dual-inline package
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