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transistors, were invented long bef
them in high volume. Many of the
cation and photoconductivity we;
understood at that time. Slmple devices vascu vl uiosc PLUPCTLLICd WCIC avallaulc i
the form of selenium rectifiers and photodetectors by the mid 1930s. It was also dur-
ing this time period when the physical principles underlying the behavior of
metal/semiconductor contacts began to be understood, particularly through the work
of Schottky and Mott.

The behavior of semiconductor
drat first proposed in 1935 that the
could be modulated by the applic:

fect” cancent led ta manv etndiec nd
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rted much of the basic work on semiconductors that

rly at Bell Telephone Laboratories where an effort

device for switching telephone signals. Shortly after

ned, and it was not long until a major breakthrough

1 of the point contact transistor in December 1947

work, which resulted in the invention of the bipolar
LIANSISLOL, Tesuled m wie vooel rrize in physics for John Bardeen, Walter Brattain, and
William Shockley in 1956. An interesting historical account of many of these events can
be found in [1.6].






n the P region. In Ge based structures of this type,
le, with Au contacts to the middle N region.
llustrated in Figure 1-6 was even simpler. A metal
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them were not extendible to multitransistor integrated circuits. Exposed junctions were
present on the semiconductor surface and no means to interconnect multiple devices
was provided. New inventions were needed to overcome these problems.

Part of the solution was provide
again at Bell Laboratories. That I
bipolar transistors by 1957. Figure
an N-type crystal, the wafer was €XpuUscU 11 @ LUELL LCUIPCIdLUIC LULLdle LU da gascuus
source of a P-type dopant such as boron. The boron diffused into the crystal by solid-
state diffusion, resulting in the P-type layer. The process was then repeated with an N-
type source, producing the final NPN structure. After contacts were alloyed to the
surface N and P regions, a Si etch created the mesa structure to localize the N and P re-
gions on the surface. This double d S ’ ) o
ple devices could be produced fron
could be produced from one growr
thic nnint ctill had the areat dicadx
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th the invention of the planar process, illustrated in
child Semiconductor. This process relied on the gas
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that make it almost an ideal su
idation and SiO; in much mo
ability to mask most of the c«
tion. In other words, most dop
in SiO; than they do in silicon
SiO; to selectively block the d
duces junctions that terminat
vated. (We will define passivat
this term that the junction elec
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A second essential part of the planar process, illustrated in Figure 1-9, is the ability
to pattern the SiO,. This is normally accomplished by a process called photolithography
that we will discuss in detail in Chapter 5. The essence of this process involves the use
of a light sensitive resist (or “film”), which is deposited onto the SiO; surface. The resist
is then exposed through a mask and developed to produce a pattern in the resist. Dur-
ing the developing, the resist washes away in the regions where diffusions are desired.
The resist is then used as a mask to selectively etch the SiO; layer.

One final key invention was needed to make modern IC technology possible. That
was the ability to integrate multiple components on the same chip and to interconnect
them to form a circuit. The invention of the integrated circuit occurred in 1959 and was
due to Jack Kilby of Texas Instruments and Robert Noyce of Fairchild Semiconductor.
An interesting historical account of these events is given in [1.7]. The key ideas were the
extensions of the ideas in Figures 1-8 and 1-9 to using masking and lithography to pro-
vide multiple devices and interconnects on the same chip. Figure 1-10 illustrates these
extensions for a simple circuit example. Kilby and Noyce have been widely recognized
for their work leading to the integrated circuit. By combining P- and N-type diffusions
and SiO, passivation layers, many types of devices including transistors, resistors, and
capacitors are possible in modern IC structures.

Although it is perhaps obvious from Figure 1-10, it should be noted that when mul-
tiple diffusions and thin film layers are used to construct an integrated circuit, the masks
associated with each of the layers must be precisely aligned with respect to each other.

> center NPN transistor must be placed inside the
es which allow the Al metal to contact the device
> regions. In general the placement accuracy during
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chines called steppers which 1

Since 1960, the basic techn
changed. They have, of course
positing, etching, diffusing, an
have been more evolutionary
mulative impact of rapid evol
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1 pm or thinner. Thus the full
The N and P regions have bee
form the electrically active pa
sulators like SiO; or SizsNy, con
icon. All of these layers are -
patterned after a blanket depc
main only in local areas. The

patterning capability of the te
tures might have a minimum
trated in Figure 1-11 is callec
N- and P-type MOS devices s
forms the basis of the NTRS
shows an actual cross section

dominate the overall chip cro:
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ion of a modern silicon integrated circuit. The particular tech-
H01UEy SHOWIL 1S LMD wiu au vwud device on the right and 2 PMOS device on the left. There are two
levels of wiring shown. We will discuss this technology in detail in Chapter 2.

This section provides a brief review of the basic properties of semiconductor materials.
Many of the ideas discussed here will be used throughout this book. For readers already
familiar with this material, this section can be skimmed or skipped.

Semiconductors are a class of materials which have the unique property that their
electrical conductivity can be controlled over a very wide range by the introduction of
dopants. While this property can easily be observed in crystalline, polycrystalline, or
amorphous semiconductor materials, crystalline materials provide the most reproducible
properties and the highest performance devices and are almost always used in integrated
circuits. Dopants are atoms that generally contain either one more or one fewer elec-
trancin their antarmanct chell than the host semiconductor. They provide one extra elec-

‘hole”) compared to the host atoms. These excess
s, which carry current in semiconductor devices. The
ces and integrated circuits lies in the ability to control
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dustry. The result was the Natis
[1.2]. This roadmap was update
and is being updated again in 1
gic plan” for the semiconducto
industry history as described
other words, a new generatio
years, starting with 0.25-pm te
2012. The NTRS is a needs-dr
nology will dominate the sem
point is a standard set of indu
croprocessors, and APPLCAtIOL. wp cuiiie amnepemm s —asveiis v o avaen  rrasieas s maas aas
the technology requirements in Table 1-1, abstracted from the 1997 roadmap.
Several trends can be observed from this table. First, of course, are the steady pro-
gressions to smaller feature sizes and larger chips. Together these make possible the in-



NMOS and PMOS devices ca
logic functions. In the NOR ¢
the output will be pulled to ¢
will be turned on. Only if bott
two series PMOS devices tha
implements the NOR functic
that can integrate NMOS an
technologies also implement
and perhaps other types of d¢
basic devices and describe a t
include other components art
ples of such extensions in late

The end result of the proce
a structure like this, we will fi
vidual process steps are requ

gions ot the NMU> and PMC
to the active devices, there ar
“overhead” is required to ele






tegrated circuits, the substrate
responds to a doping level on
Figure 2-2, the active devices
wafer. The doping levels in th:
of the active devices, as we wil
are on the order of 10 — 10!
manufacture such wells, the
needs to be significantly less tt
chosen to be on the order of 1

The observant reader migh
rectly in the P substrate witho
the way the structure was sket
cuits are actually built this wa
much more common because
plantation) is much better co
Also, since the P well and N w
ier to start with a much more 1
and PMOS devices individual

The observant reader migh
P layer on a P* substrate was
consider later in Section 2.2.5.

The only other major para
crystal orientation. We will dit
ever, virtually all modern sil
wafers with a (100) surface ori
ties of the Si/Si0; interface ar
discuss the reasons for this in
properties of this interface are
Si and O that takes place whe
perimentally that there are fer
than is the case on other silic
(100) surface orientation for ¢

We will also discuss in Cha
ing substrates before any actu;
minimizing the sensitivity of tt
the wafers during the many mz
preliminary processing steps ¢
is known as “intrinsic getterin,
cation process, we will defer d

2.2.2 Active Region Formation

Modern CMOS chips integrat
side in a common silicon subs



that the individual devices do not i
interconnections. In other words, we
the chip are electrically isolated frc
growing a fairly thick layer of SiO; i
tially a perfect insulator and provid
dizing the silicon substrate is kno
Silicon). The regions between these
called the “active” regions of the su

We begin with the steps shown i1
bination of chemical baths that rem

layer is then grown on the Si surfac
nace A tvnical firnace cvele mioht

nace cycle described above would |
oxide could also be grown in a pure
The oxide growth rate is much slov
temperatures and/or longer times a)

The wafers are then transferred -
layer of SisNs (typically 80 nm). Th
SiHy are introduced into the furnac
through a simple chemical reaction

2cm
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on the furnace exhaust to redu
done are usually called Low-Pr
We will discuss them in more de

The nitride layers deposited |
SizsN4 under tensile stress. This ¢
substrate which can lead to defe
major purpose of the SiO; layer
are under compressive stress w
nesses of the Si0; and SisN; lay
can partially compensate each o
nesses chosen above do this.

The final step in Figure 2-3 is
masking. Since photoresists are
spun onto the wafers. The resist
thickness, which is typically abo
in this book are not exactly to ¢
more than 10 times the thicknes
ically 500 times as thick as the pl
drawings are intended to impro

After the photoresist is spun
der to drive off solvents from tt
defines the pattern for the LOC
plex and expensive and was illus
much greater detail in Chapter .
ten called “steppers” because th
each exposure and then “step” t:
be capable today of printing lin
patterns on the wafer with an a
million dollars.

The photoresists themselves
violet (UV) light-sensitive part
case of a positive resist, which i
sist which is sensitive to light, al
in response to the light. The rest
in the developing solution. Neg:
uble in the regions in which ther
the resist has been exposed and

An additional step is also illu
resist, the SizNy is etched using ¢
complished in a fluorine plasme
cal reaction might involve the ge
source and a reaction of the foll
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As was the case in the LOCOS-
oxidation from occurring where
layers are both designed to helf
uses a thicker SisNy layer than w
sus about 80 nm) and a thinne;
polysilicon layer permits these
which would otherwise cause de
oxidation. The polysilicon is de
scribed for SizN4 in connection
taining silicon is used (SiH4 or S
(0.1 pm) would be typical.

Why would we want to use a
COS process? The answer lies in
point. Consider Figure 25 for ex
extends for some distance unde;
dimensional (2D) oxidation prc
beak. This shape is only shown ¢
more detail in Chapter 6 and us
more carefully. The oxidation ex
can diffuse sideways as well as ve
surface where it reacts to grow S
underneath it as Figure 2-5 qua
grows over a larger surface regic
a major concern when we are d
that is lost to this encroachment

The answer to the question v
tride, a thinner pad oxide which
and a polysilicon layer which its

a miich charnar trancitian hatwa



We digress in our process flow de
method for forming isolation region
Trench Isolation or STI—is beginnii
be the method of choice in the futur
silicon substrate between active dev
completely eliminates the bird’s bea
allows physically smaller isolation r

The process begins the same wa:
thermally grown and deposited resg
these layers are approximately the s
related issues, which tightly constra
laxed somewhat in the STT process t
in STI, during which stresses can gei
an SiO; thickness of about 10 — 20

would be tvnical. Photoresist is ther

trenches in the silicon which are typ
again using the photoresist as a masl
layer can then serve as the mask. Th
portant that the trench walls be relai
the adjacent active device regions.

posited oxide and this filling proces:
ing voids. This often means that th
rather have a small slope. In additior
need to be slightly rounded in order
ners and to avoid electrical effects
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be filled with a deposited oxic
Si/8i0; interface and if the oxid:
the process will also help to row
interface results from the lower
produce. The corner rounding 1
high temperatures. We will disct

The next step, illustrated in
chemical vapor deposition. It is
voids in the trenches, which con
trench before the bottom parts
exist which do a good job of fill
Plasma or HDP system, which
systems in Chapter 10.

The final step in the STI pr¢
polishing the excess SiO; off the
SiO; filled trenches. This polis
Mechanical Polishing or CMP, v
mon use of CMP today is in be
face down in a polishing machir
high-pH silica slurry. While thi:
processing techniques generally
extremely well and it has founc
polishing stop and once the CM
moved as in the LOCOS proces

At this stage, the wafers are
comparison of Figures 2-5 and
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These issues have now been lar;
equipment, with the result that {
herent density advantage over ]

2.2.4 N and P Well Formation

We now return to our CMOS ¢
technology where we left it in F
steps below would be largely ur
ure 2-9 rather than Figure 2-5 ¢

In the final device cross secti
N-type wells. These wells tailor -
characteristics. The well doping
tor threshold voltage and I-V ¢
ple, recall in Chapter 1, Egs. (1.
PN diodes and notice the preser
The steps required to form the !

In Figure 2-10, photoresist is
resist and to define the regions
ated by a process known as ion
machines which perform this st
ion to be implanted (boron in
charged ions (B*) are formed t




Since many types of ions may be fc
the particular ion to be implanted
Ions of different masses will bend :
type of ion to be selected at the out
lection process is complete, final a
electrostatic scanning of the beam ¢
form implant dose across the wafei
In our case, we would need to p
ions penetrated the thin and thick $
the beam penetrated through the pl
is possible in this case because the field oxide is on the order of 0.5 wm and the pho-
toresist is at least twice this thick. T" - ™F " =T-=t oo Ao s o skt o el -
SiO; layer in order to form the P w
ide although the reason is not so ¢
purpose of the field oxide is to prc
sistors. If the doping is too light un
sion can occur in these regions, j
devices through parasitic MOS de
well implants penetrate through th
oxide, preventing this parasitic inve
tail in Chapter 8 and see how to chx
the situation described here, an ene
The amount of B* we implant
ments. Here we are forming a P we
derof 5 X 10" to 10" cm ™~ in orde
In Chapter 8 we will see how to cals
would be typical. (Note that implan
doping concentrations are volume
An important point about ion i
tation of ions into a crystalline subst
incoming ion with an energy of pe:
silicon atoms in the substrate whicl
12 V). Visualize a billiard-ball-like
a stationary Si atom and you can e
coiled a significant distance from i
produced as the B* ion gradually cc

cinre tha dAavirac wa want tn and nir
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m; mask 3. A_phosphorus implant provides th

Once the boron implant is c«
then stripped either chemically
used as shown in Figure 2-11 to
silicon. The process is identical t
case an N-type dopant, phosphos
is again chosen to penetrate the
heavier atom than boron (atomi
to obtain an implant to the sam
300-400 keV would be chosen.’]
on the same order as the boron I

There are several common N
arsenic, and antimony) and yet
step in the process is to diffuse tl
microns, as illustrated in Figure
diffusion coefficients and so they
when they are simultaneously «
mony, both have much smaller «
here, the N well would be muct
want matched NMOS and PMC
mony in this particular step in -
phosphorus and hence would re

After the phosphorus impl:
cleaned. They are next placed ir
tion depth of 2-3 microns (Figur
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not be their “final” depths because
to diffuse the dopants. However, lat
lower temperatures or for shorter-
ing this drive-in process.) A typic
1100°C. Diffusion coefficients incre
Chapter 7, so much shorter times
same junction depth. This step couls
additional surface oxidation is nee
the damage from the implants, rest

options in this chapter, because the
ter. Also, our purpose here is not tc
sense of what an integrated process



are characterized by a range distr
stopping process is statistical in 1
8 explores this idea in more det:
stand that the entire implant dos
in Figures 2-10 and 2-11. If we tr
creased significantly to make ce
through the field oxide. But the
likely penetrate through the mas
Figures 2-10 and 2-11 is somewh
This does not mean that it is too
that alternatives are often used.
One common alternative is ill
the field region doping is accomp
the LOCOS oxide is grown. Thus
ily masked by the photoresist/Si:
the field oxide is then grown, mo:
ating the P regions shown in Fig
into the growing SiO; and is ther
that is lost can be easily calculate
the implant in Figure 2-13 is ofte
ing in the substrate where we do:
mightbe 1 X 10°cm™>B* at 501
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planted regions diffuse ahead of the growing o3
der the field oxide.

thin SiO; layer in Figure 2-13 and
toresist/SisN4/SiO; stack.

The P and N well formation in t]
illustrated in Figures 2-10 and 2-1
erably lower to make sure that the |
field oxide. Implant energies on the
The resulting structure is shown in
gions continue to diffuse during th.
field region in this example, but the
tions in each region. Notice also t
masking steps than the process we
plant is done through the same me
case in Figure 2-12, the substrate s
fabrication.
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because CMOS technology inherently contains par-
wures have electrical I-V characteristics which, if trig-
to flow through the circuit that the chip may be
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The process steps needed to ir
2-21.These steps are incorporate
that will become obvious shortly.

We begin with the structure in
2-16 to define the regions where
then performed. Since the purpo
want the N* layer to be fairly hez
10" cm~? would be used. The enc
ate the As™ through the thin SiC
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and we want it to stay there, we would want to pick an N-type dopant that diffuses
slowly in silicon. As or Sb would thus be possible choices. Either could be used, but As
is more common because of its higher solubility in silicon.

Once the implant is completed, we are through with the resist and it can be chemi-
cally removed in acid, or stripped in an O plasma. Following cleaning, the wafers are
then placed into a furnace. This high-temperature step accomplishes several things, as il-
lustrated in Figure 2-17. First, it d---- *= #=~ M7T besind docne bn o At ~fnbneee 10
pm. Second, part of the drive-in i
thick SiO; layer on the wafer surfac
ing provided by the SisN4 layer. W
cation allows both the N* and P* |
provides self-alignment between t
that the two buried layers are corr
ically. Finally, the drive-in and oxid
of the N buried layers because th
will be important later after the b
layer of silicon above them. We wi
in order to align later masks to the
information. The overall drive-in
min of this time in HzO to locally g
is illustrated in Figure 2-17.

After the furnace operation, the
implantation of the P* buried layer
ture in the two buried layers becon
ers blocks the P* (boron) implat
transparent to the implant. Once a,
boron penetrates the thin oxide ar
The boron dose is determined by «



N Buried Layer

layer. In the P* buried layer case,
higher diffusivity than arsenic anc
sequent processing the boron co
concentration. A dose of about 1(
temperature drive-in would be dc
the substrate. No additional oxid:
done in an inert (N; or Ar) ambic
eral hours at 1000 — 1100°C, resul
The active devices need to be
provided by these buried layer 1
ties. As a result, we require mod:
ers. These more lightly doped le
transistors and are also importai
old or turn-on voltage. In princij
buried layers with opposite type
manufacturable technique. This
1.0 X 10” cm ™3 N* buried layer
0.999 X 10 cm™* P-type counte
vides this degree of precision.
Fortunately there is an altern:
surface of the wafer in Figure 21
selective to SiO; over Si. After cle
actor which heats the wafers to te
them to a gas ambient containii
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P* Buried Layer

SiH,Cl, might be used as the silicor
ing, for example. The process of ¢
wafer surface from the gas stream
Si atoms are somewhat mobile on-
lattice site to which they can bond."
strate is grown upward, atom by atc
or “epitaxial” layer. The doping ato
ing epitaxial layer in the same man
ers on single-crystal substrates at a
dope those layers from 10" cm ™ t
in more detail in Chapter 9. In fact,
viously used to deposit SisN4 and |
crystal; in the more general CVD
films that are deposited are amorp
Figure 2-20 illustrates our CMC
epilayer for our devices is grown 1
parts of it later in the process using
few microns thick. Notice that the
dation of the N* buried layers has |
appears on the new wafer surface.
is necessary in order to align subse
The remainine stens in this nroc

o g wascan vr
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steps (Figures 2-10 to 2—12) After the wells are dri-
1 layers (which also diffuse upwards during all high
igure 2-21. Both downward and upward diffusion
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N* Buried Layer

N Well

N* Buried Layer

largely inert ambient because nc
Note that the InCOrporation Of li.c cuiice v cparmmins sy van siren viav vrsmvvis v asew
only required one additional mask (but many process steps!). As was the case in Figure
2-12, the substrate as shown in Figure 2-21 is now ready for active device fabrication.
The step in the surface shown in Figure 2-20 would still be present in Figure 2-21 but
is not explicitly shown.

Finally, the structure shown in Figure 1-34 is yet another variation on these process

steps. This structure incorporates a P~ epitaxial layer and an N well using steps similar
to those described above. The ¢~~~ Slocms B whis cos o Hofe oo ceoocios ot

reader, (See Problem 2.1.)
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We now return to the main process
described above were to be used, t
or 2-21, but the process flow from -
simplicity, we will continue the pro

The next several steps, shown i1
parts of the MOS devices. Probab.

where Vg is the gate voltage requi
tween the gate and substrate, and {
gate oxide. ¢y is the position of the
level and &; is the permittivity of s
are important are the doping conce
Cox. Since C,, is inversely proporti
must control this thickness in orde

In writing the above expression
der the MOS gate is constant at N,
cause ion implantation is used to
nonuniform doping profile. Again t
on Vrx in the following way:

where Q is the implant dose, in at~-="= === =7 iz s memtos comeme st nd dh s e
implant dose is located in the near ¢
gion. This is often a reasonable apy

We are now ready to adijust the
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N Well

Figure 2-23 illustrates the samr
Mask 5 is used. The required im
doping level in the N well and the
in Figure 2-23. This would typica
ergy would be somewhat higher
cause of the heavier mass of arse

If a P-type implant were need:
same range as for the NMOS der
to use only one mask to adjust b
plants. One possible process mig]|
the smaller of the two doses requ
along with a second implant to ir

Figure 2-24 illustrates the nex
the MOS transistors. The thin oxi
sistor, is first stripped in a dilute
stop etching when the underlyin,
small portion of the field oxide d
we are etching only 10 or 20 nm o
needs to be timed so that it does

The reason that the thin oxidk

axide ic that tha Avida An tha cilin



oxide thickness. The original thin ¢
several implants at this stage in the
ping and regrowing a new oxide pr«

.- r~~ 1

e i I el ot

trates the devices after the gate ox
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deposition to heavily dope the poly.

very critical here, provided the ph
and into the underlying gate oxic
poly at elevated temperatures be
poly, so uniform doping of the pc
next heated in a furnace. The N*
fact that we would like it to be as
sistivity and hence low gate resist
In some polysilicon deposition ¢
posited. This is referred to as “in s
ing step would not be necessary.
The final step, illustrated in Fi
in regions where it is not needed.
posed and developed. The poly ¢
cally a chlorine- or bromine-base



good selectivity to SiO.. Although
can also be used to provide wiring
connect the NMOS and PMOS pol
interconnect. Since the poly sheet 1
layers that will be deposited (= 10
made with the polysilicon. The RC
significant effect on circuit perform
relatively short polysilicon wires.

A final point with regard to all t
though we will discuss it in much 1
key parameters that must be under

——— e —— - ————— e~ —m— e ———

through the gate oxide and into tt
would need to select an etching pr
between SiO; and Si, so that the ei



ally unsuitable for small geome
anisotropic etches. Unfortunatel
pense of selectivity and vice ve:
trade-off between the two that
these issues in Chapter 10.

2.2.7 Tip or Extension (LDD) Formation

The next several steps are illust
steps is twofold. First, we want to
and PMOS devices in Figures 2
edges of the polysilicon gates, a t
of these steps are required becai
conductor industry over the pas

Ten years ago, MOS devices
above one micron and were ope
device dimensions have been re
formance. However, supply volt
Many ICs still use 5-volt power
with 3.3- and 2.5-volt supplies. T
a standard power supply level b

2115

N Well ‘




S devices. A boron implant is used to form
vices.

system power supplies do not have
adequate. However, if device dime1
spondingly scaled, electric fields in

SpE. L | FE B W Ve Wal
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problems are often called “hot elect



through the LDD structure can
A final point regarding these
vice geometries have become s
portant in MOS transistors. The:
through the channel region an
source and channel regions. The
by the gate. An important strat
junctions. Such junctions are less
their geometry minimizes the jt
ture also provides these shalloy
“tip” or “extension” regions sinc
junctions away from the channe
N~ and P~ implants in Figures 2-
used to construct these tip or ex
In Figure 2-27, photoresist is
all the devices except the NMO!
N~ region. The dose and the ene:
produce the desired graded dra
10" cm~? at a low energy migh
PMOS devices in Figure 2-28 t«
implant would be performed alt
ern MOS device structures, the
plants at different energies and
angles tilted with respect to the
the edge of the gate. The objecti
junction (and the source junctio
2D shape of the resulting profil
tics and computer simulation is
structure and properties of the:
carefullv in later chanters.

Tt T4 T

We now make use of a techn
of the efforts that have gone int:
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ers along the edges of the polysilicon.



tion. We could form such space:
lar case we need an insulating 1
so SiO; is a convenient choice.

2.2.8 Source/Drain Formation

At this point, most of the dope«
the MOS transistor source and «
ide was etched off the source an
process. Generally implants are
both to help avoid channeling
into the silicon from the implan
talline. If the implanted ions ha
ture of the substrate, ions car
distances without encountering
collisions. If this happens, the r
than expected. This is generally
phous) helps to randomize the ¢
channeling. We will discuss thes
source drain implants then, a thi
also produces a thin oxide on th
The first source drain implar
are used to define the regions wi

RN




would be the dopant of choice in m
tions shallow in small geometry der
of 75 keV might be typical. This wo
in the implanted areas but still be e

The final mask used for doping is
allow a boron implant to form the P

o a hinlh AAaca svmnlant Am tlha Aeds
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known as Transient Enhanced D
ing junctions shallow in scaled d:

2.2.9 Contact and Local Interconnect Formation

All of the steps needed to form
ever, we obviously need to prov
form circuits, and a means to br
packaging. The CMOS process
wiring to accomplish these obje
cal interconnect” and the steps

(Actually as we pointed out earl
a local interconnect.)

The first step, illustrated in Hi,
connect is to contact. Since this i
provide the connections to essen
icon regions. This oxide etch can
over the regions we wish to con
source drain formation). A short
oxide layers, without significantl

The next step (Figure 2-35) i1
Ti on the wafer surface. This is us
ing system, atoms of the desired
solid target by bombarding the '



N well




N Well

The resistance of long lines m:
most circuits.

Figure 2-37 illustrates the
mask 11 protects the TiN where¢
is etched in NH;OH:H;0,:H,O
that the sidewall spacers we ust
tions also serve the function he
tacting the silicon doped regior
be heated in a furnace in an Az
the resistivity of the TiN and Ti¢
respectively). The photoresist w
neal in an O; plasma or throug
temperatures much above 100

2.2.10 Multilevel Metal Formation

The final steps in our CMOS p
layers of metal interconnect. Th
At this stage in the process,
grown and deposited many thin
they leave numerous hills and -
metal interconnect layers direct
lems with metal discontinuities
reliability problems even if the |
be thinner where it crosses the
tolithography is very difficult w
patterning is involved.
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cal interconnects will be used. The TiN is then etche



cause instabilities in MOS devic
of the boron reduces the temper
important because following the
of 800 — 900°C which allows the
Adding the boron minimizes tt
which is an issue because of the
ing films at this point in the proc
ter 4 (Na* problems) and in Ch:

Reflowing the deposited PSG
the surface topography, so gene1
was commonly done by next spi
resist is a liquid, it will fill in the ]
upper surface. (We have actually
although without any explanat
narization now takes place. Itis
both resist and SiO; are etched a
the structure with no mask, then
sist and down into the underlyir
everywhere. The 1:1 etch rate of
per surface as we etch.

Within the past few years, a 1«
commonly adopted in the sen
Mechanical Polishing or CMP ¥
STI process option (Figures 2-8
in a polishing machine and the w



ica slurry. The polishing process alsc
is discussed in more detail in Chapt

cuenmg me contdact noies, e pnoto

We wish to maintain the planar s
there are a number of process flow
will describe here (Figure 2-41) is ¢
deposition of a thin TiN layer or Ti/
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N Well

Metal 1 is then deposited, usu:
as shown in Figure 2-43. The mx«
Cu in it. The Si is used because ¢
is not already present in the Al,
rich layers. This can cause probl
absorption from underlying laye
used.) The Cu is added because
tromigration in Al thin films. Thi



dilCl Ildlly 1nours oL Circulit operatid
rent densities, and is due to the forn
Al atoms. The Cu helps to prevent
Because of its better electrical cc
interconnect metal. Cu is deposited
etch using plasma etching, a somew
scribed here for Al-based interconn
Most modern VLSI processes us
because in complex circuits it is usu
devices in the circuit without multig
define each level are similar to thos
narization step. Figure 2-44 illustrai
2. The process would again involve depositing an oxide layer and using CMP to pla-
narize the deposited oxide. Figure 2-44 also illustrates the filling of the via holes be-
tween metal 1 and metal 2 with TiN and W, deposition and etching of metal 2, and the
fomol Ammomitios f - 4o AT -et- 40 protect the finished chip. This top layer could be
. to provide some protection for the chip during the
during packaging, as well as to provide a final passi-
inst ambient contamination (Na* or K*). After the



N Well

bonding pads.

Chapter 6. This finally brings us
that we started out to build.

flow. For readers relatively new
often without full explanation
chapters as we deal with the inc
such processes are used should

A final point which is import
a unique way of achieving the f
panies and research laboratori
this figure, with however, quite
ences between commercially av
required 16 masks through two
ple CMOS with one level of i





