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INTRODUCTION

Read-Only Memories (ROMs) - These are used to store information
that will not change during the life of the system. They are permanently
programmed during manufacture.
Nonvolatile read-write Memories (EPROM, EEPROM) - These
devices retain the information stored in them when the power is turned
off.  They can be erased but usually much slower than they can be
written.  The number of erase/write cycles may be limited.
Dynamic Random Access Memories (DRAMs) - Information is stored
as charge on a capacitor.  The stored charge will eventually leak away so
DRAMs must be periodically refreshed.  Typically DRAMs are
refreshed every 5-50 milli seconds. One transistor one capacitor per cell.
Static Random Access Memories (SRAM) - These devices store
information in two cross-coupled inverters.  Such a memory does not
need to be refreshed.  CMOS SRAM is low power.  The SRAM cell
        requires six transistors making it fewer bits per chip than DRAM.
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MEMORY ORGANIZATION
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DRAM BASICS

•A DRAM memory cell is formed
with one transistor and one
capacitor. Referred to as a 1T1C
cell.
•Storing a logic ONE requires a
voltage of +Vcc/2 across C1.
•Storing a logic ZERO requires a
voltage of -Vcc/2 across C1.
•Various leakage paths cause the
capacitor to slowly deplete charge.
•The capacitor needs to be refreshed
periodically, which makes the
DRAM dynamic rather than static.
•Typical refresh rates are every
5-50 msec
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TWO DRAM STORAGE CELLS
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OPEN DIGITLINE MEMORY ARRAY

The memory bit transistor gate is
connected to a word line (column)

A memory array is a quantity of
1T1C cells along a given digit line
(row).  None of the cells connected
to a given digit line share a
common word line.

Only one word line at a time is
activated.
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READ OUT AMPLIFIER
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If a 1 was stored in C1 then when WL0
goes high D0 will go higher.  If it is
higher than Vref D0 Out will be high.
The problem is that the voltage on D0
only increases a small amount because
the capacitance of the digit line is large
compared to C1
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SIMPLE ARRAY

•Accessing the DRAM cell results
in charge sharing between the
capacitor and the digitline.
•This causes the digitline voltage
to either increase or decrease for a
ONE or ZERO on the capacitor.
•This causes a differential in
voltage between two digitlines, D0
and D0*.
•The voltage difference can be
“sensed” and the correct logic level
can be determined.
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SENSE AMPLIFER DETAILS
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SENSE AMPLIFIER DETAILS

Φs goes high and the data in the selected memory cell is sensed.
The word line WL0 goes high and the charge on selected capacitor
C0 is shared with the capacitance of the digit line D0.  If a “1” was
stored in C0 the voltage on D0 will initially be a little higher than
Vdd/2.  The voltage on the reference digit line will initially be
Vdd/2.  The crosscoupled inverters amplify these starting voltage
and bring the digit line D0 to Vdd and D0* to zero volts.  The
capacitor C0 is recharged (refreshed) at the same time it is read.

If a “0” was stored in C0 the voltage on D0 will initially be a little
lower than Vdd/2.  The crosscoupled inverters bring D0 to zero
       volts, refreshing C0 and providing a one for an output on D0*.
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SENSE AMPLIFER WAVEFORMS
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LAYOUT OF BASIC CELL

Eight Cells - Each red oval
shape is a capacitor.  The
blue poly wordlines form
transistors between the
green rectangular
connection to the digitline.
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BURIED CAPACITOR CELL

•Digitline (bitline) is made of
Aluminum with a Tungsten plug.
•Capacitor top and bottom plate is
made from poly-silicon.
•The top plate (poly 3) forms the cell
plate and is shared by all capacitors.
•The capacitor shape can be a
rectangle or concentric cylinders.
•The ONO dielectric is optimized to
achieve low leakage and maximum
capacitance.
•The ONO must be able to handle
fields caused by the maximum
DRAM operating voltage. For this
reason the cell plate is biased at
+Vcc/2.
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BURIED DIGITLINE CELL

•This type of cell is called a COB
(Capacitor over Bitline) or buried
digitline configuration.
•The digitline is very close to the
surface of silicon, making the
digitline pitch small and the
contact is easier to produce.
•However, the capacitor contact is
very hard to produce because the
contact has to be cut in between
the digitlines, which are at near
minimum pitch to begin with.
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BURIED DIGITLINE CELL
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TRENCH CAPACITOR CELL

•Trench capacitors are formed by
etching deep holes into the silicon
substrate.
•The trench is coated with a dielectric
material, eg. ONO or Nitride.
•The storage node if formed by
depositing doped poly-silicon into the
trench.
•Contact from the transistor to the
capacitor is done with a conductive
strap.
•The substrate serves as a common node
for all of the capacitors, which prevents
the use of a +Vcc/2 bias.
•For Gbit and beyond DRAMs the
trench will be too difficult to etch, the
aspect ratio will be too great for
acceptable capacitance.

•Advantage of the trench capacitor is
that the DRAM structure will have less
topology than other cell structures.
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CAPACITOR AREA AND REQUIRED CAPACITANCE

Shows the trend of capacitor area and
required capacitance. •Thermally robust Ta2O5

(Tantalum PentaOxide) has been
attractive for DRAM capacitors.
•Ta2O5 has a dielectric constant
in the range of 16-40.
•Ta2O5 has good conformal step
coverage when deposited using
CVD.
•(Ba,Sr)TiO3 Is Another
Alternative Capacitor.
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TANTALUM PENTAOXIDE CAPACITOR

Capacitance of more than 90fF/cell
and leakage current less than 2x10^-
15 A/cell is obtained by applying a
WNx/poly-si top electrode with a
rugged poly-si surface (projection
area = 0.4um) with an effective
oxide thickness of 3.5 nm.

As deposited Ta2O5 is known to be very leaky. The leakage current is
reduced by annealing the film in UV-O3 at 300 C and dry O2 at 800 C.
Annealing in O2 forms a thin layer of SiO2 over the poly and provides a
barrier  to carrier flow. The ozone provides atomic oxygen to fill
vacancies in the film.
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BIAS OPTIMIZATION FOR TANTALUM PENTAOXIDE

At Vcc of 3.3 volts the maximum leakage current can be reduced by two
orders of magnitude when Vp is changed from 1.65 volts (conventional
Vp=Vcc/2) to a Vp of 1.0 volts.

By using a bias Vp = 1.0 volts, Vspr is the maximum Vcc that can be
applied for a given current magnitude.

Using a bias optimization scheme can
greatly improve the quality of the
capacitor by reducing leakage current
at a given supply voltage, VCC.
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EPITAXIAL (Ba,Sr)TiO3 CAPACITOR

As well as a high dielectric constant, low leakage current in very thin
capacitors with a epitaxial (Ba,Sr)TiO3 dielectric.
To achieve this superior performance the film is because of the
heteroepitaxial technique used to deposit the film.

Their superior performance is attributed
to the appropriate lattice deformation
caused by the lattice constant mismatch
between BSTO and SRO and the
cleanliness of their hetroepitaxial
interfaces.
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HETEROEPITAXY

Their superior performance is attributed to the appropriate lattice deformation caused by
the lattice constant mismatch between BSTO and SRO and the cleanliness of their
hetroepitaxial interfaces.
Heteroepitaxial growth is classified as the growth on dissimilar materials.  Which
means that the material being grown has a lattice mismatch from the underlying
material.
The heteroepitaxial growth in this case of (Ba,Sr)TiO3 thin film is classified as
incommensurate growth.
Incommensurate growth is the production of thick layers that are not lattice matched to
the substrate.  The misfit between the two crystals must be accommodated by defects at
or near the interface.

In this case, the mismatch is a plus to the capacitor, as a result of comparision between
epitaxial and polycrystalline capacitors with identical dielectric thicknesses, the
mismatched induced lattice deformation is highly effective to increase the dielectric

constant of the film.
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SINGLE LAYER NITRIDE CAPACITOR

Key Technology for increasing
capacitance for the Gbit era trench
capacitors is a thinner dielectric film
with low leakage current.

SiN is promising for material that has
low leakage current and the potential
to be thinned further and it has a high
dielectric constant.
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SINGLE LAYER NITRIDE CAPACITOR

Calculated Voltage based on ideal films

Actual Voltage based on actual films

A novel SiN-CVD technology using SiCl4-
NH3 system was developed instead of
conventional SiH2Cl2-NH3 system to
overcome this subject.

SiN Film has a greater potential for thickness
reduction because of its higher dielectric
constant. Nitride ε~7 Whereas SiO2 ε~4-5.

However, the actual leakage current in SiN
film is larger than in Si02 films because of
bonds introduced in deposition.
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SINGLE NITRIDE LAYER CAPACITOR BY NOVEL CVD

In order to improve the SiN film quality, the Si-H bond density has been
reduced using this method; SiCl4-NH3 (TCS-SiN) as reactants.

SiCl4 has no Si-H molecular bond in itself.

SiCl4 can react with NH3 at room temperature and form Si(NH2)4 or
Si(NH)2 molecule, which has no Si-H bond.
A FT-IR measurement was done to find
out how many Si-H bonds are present in
the film.  As shown in the figure, the Si-H
bond that usually exists in conventional
Nitride deposition cannot be detected.
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SINGLE NITRIDE LAYER CAPACITOR BY NOVEL CVD

This new Si-N (TCS) shows superior
electrical characteristics over the
conventional DCS Nitride deposition.
At the required leakage current, the
TCS capacitor can handle ~2 volts
compared to the conventional ~1.3
volts with a dielectric thickness of
4.63 nm.

The equivalent oxide thickness is can be reduced below 4 nm which
is a promising capacitor dielectric for the Gigabit era and beyond.
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SALICIDE BRIDGED TRENCH CAPACITOR

The connection from capacitor to the
transistor can be made with a salicide
bridge on top of the conventional
Drain connection.

The salicide bridge provides a low
series resistance path for current
to flow through.

The salicide bridge does not increase
the leakage current in the trench
capacitor which is always a concern.
When introducing new materials.
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SALICIDE BRIDGED TRENCH CAPACITOR

The DSS process makes it possible to
fabricate a self-aligned buried oxide collar
and a salicide bridge over a thick oxide
collar.
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PATTERN BONDED SOI DRAM

Previous reports of SOI DRAM
described the limitation of scaling
down due to short channel effects of
the PMOS, and the LOCOS
isolation scheme.

The process described here pattern
bonded SOI (PBSOI) reduces negative
effects, and reduces gate delay and
leakage is just as good as conventional
Bulk type DRAMs.

The PBSOI will enable higher speed
DRAMs for future DRAM generations.
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PATTERN BONDED SOI DRAM
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PATTERN BONDED SOI
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FUTURE OF DRAM

With increasing density of DRAM a trench type capacitor will not suffice do to
increasing aspect ratio of trenches needed to have enough capacitance.  The etch will
just become impossible.

This will force the industry to use Capacitor
over bitline (COB) schemes.  With COB the
capacitor size can increase by increasing size
in the vertical direction, which itself poses
many etch and planarization challenges.  In
the near future the dielectric will be Ta2O5
thin films due to its high dielectric constant
and good film quality for small film
thickness.
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FUTURE OF DRAM

DRAM will move towards SOI formation to minimize floating body
effects and minimize latchup.

DRAM will become less of a commodity with the introduction and
manufacturability of embedded DRAM, that is DRAM on the same
substrate as logic and microprocessors.
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HOMEWORK - MEMORY DEVICES


