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Figure 7.25 A typical CMOS process flow illustrating the difference between FEOL and
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Table 7.1 Masks used in our generic CMOS process.

assivation Dark Top-level
I metal

Layer name | Mask Aligns to Times used Purpose
level
I (active) Clear | aligns to notch I Detines active areas
2 (p-well) Clear I 2 Defines NMOS sidewall
implants and p-well
3 (n-well) Dark i 2 Defines PMOS sidewall
unplants and n-well
4 (polyl) Clear 1 1 Defines polysilicon
5 (n-select) Dark 1 2 Defines n.DD and n+
6 {p-select) Dark 1 2 Defines pLDD and P+
7 (contact) Dark 4 1 Defines contact to poly
and actives areas
8 {metall) Clear 7 I Defines metall
19 (vial) Dark 8 1 Defines vial {connects
Ml to M2)
10 (metal2) Clear 9 I Defines metal2
1 Detines bond pad

opening in passivation
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% 600-500 um Bulk polished silicon water

Ep1 silicon water

Ep10.3-4um
(Epitaxial grown layer on bulk Si)

51 800-900 1

SOI wafer

(Silicon on msulator)

51 50-200 nm
BOX 50-200 nm
S1 B00-900 1

e e e

Figure 7.26 The three general types of silicon wafers used tor CMOS fabrication.
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p-S1, (100), uniformly boron doped

Figure 7.27 Simulated cross-sectional view (the top 2 yun) of the bulk wafer in Fig. 7.26.
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~100A S0,

Pad oxide

Figure 7.28 STI film stack. The oxide is thermally grown at approximately 900 “C with dry
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O
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Nitride

Pad oxide

Figure 7.29 STI film stack. Silicon nitride deposited by LPCVD at approximately 800 °C.
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Layout (plan) view (mask layer 1)

Cl'OSS-SEi‘QﬁOH
- :Ld——— NMOS activ
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Figure 7.30 $TI defimition. photolithography and mtride pad oxide eteh with
fluorocarbon- based RIE.
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Photoresist | Photoresist

Figure 7.31 Timed silicon trench reactive ion
etch.
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./ Nitride

~100 A sac oxide

~

Figure 7.32 Cross section showing post STT resist strip followed by the dry thermal oxidation
(at 900 “C) of a sacrificial (sac) oxide in the trench.
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Layout view (mask layer 2)

S L

e e e e L sl i RSy

Figure 7.33 P-wall sidevall formation via photalithography and BF,
implantation.
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44— PMOS active area —— —— NMOS activearea ————P

P-wall implant

Figure 7.34 Post p-wall photoresist strip using O, plasma and wet
Processing.
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Layout view (mask layer 3)

¥’

Cross-section

LI

Figure 7.35 Nowall sidewall formation via photelithogaaphy and P miplantation.
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Figure 7.36 Post n-wall photoresist strip using O, plasma and wet Processing.
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CVD oxide

Figure 7.37 High-quality. 100 A thick liner oxide. is thermally grown at 900 °C. High-density
plasma (HDP) CVD trench fill at room temperature. Notice the trenches are
overfilled.
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CVD axide

N\

(a) Post STICMP
Notigg-_@ﬂ protiudes above surface

(b) Post nitride strip

(b) wet nitride etch in hot phosphoric acid and/or dry nitride etch
in NF/Ar/NO. The remaining oxide will be used as a sacrificial

oxide for subsequent implan m l r éw P(e

Figure 7.38 STI CMP (a) where the nitride acts like a lp«::-lish_ stop and lJ
14 .
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use)

Layout view (mask layer 2.

e LU

P-well smplant

Fignre 7.39 P-well formation via photolithography and B implantation.
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Figure 7.40 Post p-well photoresist strip using O, plasma and wet processing.
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Lavout view {mask layer 3. 22d yse)

Cross-section

Figure 7.41 X-well formation via photolithography and P
tmplantation.
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Figure 7.42 Post n-well photoresist strip using O, plasma and wet processing.
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Figure 7.43 Net doping profile of both the n-well and the
p-well,
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CVD oxide

/ ~250 A oxide

Figure 7.44 Wet etch the remainmng trench stack oxide using buffered HF. Sacrificial oxide
formation using dry thermal oxidation at approximately 900 “C.
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e Boron

. | Log Ixl
BE, 10ns 3- 19
r . A B ; § 16,62

18.25
B 17.88
i7.5
17.12
16,75
Threshold voltage adjust implant P-well implant 16,34
16

Figure 7.45 Blanket low-energy BF, implant for NMOS and PMOS threshold voltage
adjust.
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Grate oxide

Figure 7.46 Removal of sacrificial oxide using buffered HF followed by gate dielectric
formation using dry oxidation in an ambient of O, . NO and/or N,O.
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Polysilicon

Gate oxide

Figure 7.47 Polysilicon deposition via LPCVD at approximately 550 “C. Note the polysilicon
deposition must occur immediately following gate oxidation.
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Layout view (mask layer 4)

Polysilicon gate

Cross-section o

Figure 7.48 Gate electrode and local interconnect photolithography and polysilicon reactive
ion etching.
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Reoxide Polvsilicon

|
|
|
I
[
|

«——— PMOS active area [—— NMOS active area

\ Polysilicon

CVD oxide

Figure 7.49 Polysilcion reoxidation using dry ¢, at approximately 900 “C. Notice the
resulting oxide is thicker on the polysilicon then on the acfive silicon.
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Figure 7.51 Post N-LDD resist strip using O, plasma and wet processing.
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Lavout view (mask layer 6)

Cross-section

LT ELL =

P-well implant

Figure 7.52 P-LDD p-pocket formation using low energy implantation of B and P,
respactively,
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Figure 7.53 Post P-LDD resist strip using O, plasma and wet processing.
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Nitride

Pad oxide

p-Si

Figure 7.54 Sidewall spacer nitride deposition using LPCVD at approximately 800 °C.
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Polysilicon
, gate

Figure 7.55 Dry. anisotropic. end-pointed reactive 1on etch of spacer nitrate yielding gate
sidewall spacers.
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Layout view (mask layer 5. 22 use)

Cross-section

Asjons

Figure 7.56 N+ source/draimn formation using a low energy. high dose implantation of
As.
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Lavout view (mask layer 6. 2% use)

L_

Cross-section
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Figure 7.58 P+ source dram formation using a low energy. high dose implantation of BF .
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Figure 7.59 Post p+ resist strip using O, plasma and wet processing.
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