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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 DRAMsare
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 islow power. The SRAM cell
_skequires six transistors making it fewer bits per chip than DRAM.
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MEMORY ORGANIZATION
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DRAM BASICS

digitline

wordline

¢

VCC/2

0—-{[ M1 potential = VCC for logic one
/ and ground for logic zero
== (1

Rochester | nstitute of Technology

A DRAM memory cell isformed
with one transistor and one
capacitor. Referredtoasa lT1C
cell.
«Storing alogic ONE requires a
voltage of +Vcc/2 across C1.
«Storing alogic ZERO reguires a
voltage of -V cc/2 across C1.
o\ arious leakage paths cause the
aﬂ acitor to slowly deplete charge.
*The capacitor needs to be refreshed
perlodlcal ly, which makes the
DRAM dynamic rather than static.

5-50 msec

Microelectronic Engineering

*Typical refresh rates are every

[
| © Dr. Lynn Fuller, Motorola Professor |= Page 5




TWO DRAM STORAGE CELLS

Vcc/2
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OPEN DIGITLINE MEMORY ARRAY

The memory bit transistor gate is
‘ .I_ll"’ connected to aword line (column)

rhh
_ A memory array Is aquantity of

‘ 1T1C cellsalong agiven digit line
_’lld "ll—l_. ._l_ll"l (row). None of the cells connected
N

Emites

S S S toagiven digit line share a
O (&) O .
> S < common word line.
WLO WL 2
WL1 WL3

Only oneword line at atimeis
activated.
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READ OUT AMPLIFIER

WL1

Rochester | nstitute of Technology

WL3 goes high DO will go higher. If itis
Igher than Vref DO Out will be high.
The problem is that the voltage on DO
only increases a small amount because
the capacitance of the digit lineislarge

Microelectronic Engineering

compared to C1
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SIMPLE ARRAY

sense amps
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*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 adifferential in
voltage between two digitlines, DO
and DO*.

*The voltage difference can be
“sensed” and the correct logic level

Microelectronic Engineering

can be determined.
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SENSE AMPLIFER DETAILS

Q7 isturned on with
signal f p precharging
the two digit linesto VVdd/2

fs

DO

Note: the memory is
organized into two arrays
so that one can be used
as the reference for the
other. (with basically

Vdd
A

C Q6
Q3 L-.Iji_l@ Reference

| Digit Line 5 | Digit Line
%CO r 1 Q2
Vddi2  [f s 1j Q5
WL Q7
Q9
vdd2l Tvddr2

0
Identical digit line capacitance) Q8 I T' I
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SENSE AMPLIFIER DETAILS

F s goes high and the data in the selected memory cell is sensed.
The word line WLO goes high and the charge on selected capacitor
CO is shared with the capacitance of the digit [ine DO. If a“1” was
stored in CO the voltage on DO will initially be alittle 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 DO to Vdd and DO* to zero volts. The
capacitor CO isrecharged (refreshed) at the sametime it isread.

If a“0” was stored in CO the voltage on DO will initially be alittle
lower than Vdd/2. The crosscoupled inverters bring DO to zero
volts, refreshing CO and providing a one for an output on DO*.
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SENSE AMPLIFER WAVEFORMS

VCC VCCP

VCC/2
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LAYOUT OF BASIC CELL

digitiine
pitch

wordlines
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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
dgiine  dighine contact  ONO dielecii Aluminum with a Tungsten plug.
peydcalple eCapacitor top and bottom plateis

made from poly-silicon.

*Thetop plate (poly 3) forms the cell

plate and is shared by all capacitors.

faiply o The capacitor shape can be a
rectangle or concentric cylinders.
*The ONO di€electric is optimized to

fiox

- \ — / achieve low leakage and maximum
N active areas capacitance.
poly2 storage nodes *The ONO must be able to handle

fields caused by the maximum
DRAM operating voltage. For this
A reason the cell plateis biased at

| Rochester Institute of Technology +V CC/ 2
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BURIED DIGITLINE CELL

*Thistype of cell iscalled aCOB
o0 (Capacitor over Bitline) or buried
Sorage s (o) digitline configuration.
*Thedigitlineisvery closeto the
surface of silicon, making the
~digitline pitch small and the
Wi 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.

[ Rochester | nstitute of Technology

Microelectronic Engineering /
| -

| © Dr. Lynn Fuller, Motorola Professor Page 15




BURIED DIGITLINE CELL

POLY 4
INDIVIDUAL
CAPACITOR
PLATE
. POLY 4 STEM
’_,.--"' INTERCONNECT

4 BIT LINE
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TRENCH CAPACITOR CELL

wordings *Trench capacitors are formed by
etching deep holes into the silicon
substrate.

*Thetrench is coated with adielectric
material, eg. ONO or Nitride.

*The storage node if formed by

iy depositing doped poly-silicon into the

digitline

node trench.
eContact from the transistor to the
orwe capacitor is done with a conductive
| heaviy doped strap.

|
I
[
[
}
[
} dielectric
|
|
|
|
|
|

substrate region

, *The substrate serves as a common node

> el o for all of the capacitors, which prevents
«Advantage of the trench capacitor is the use of a+Vce/2 bias.

that the DRAM structure will have less *For Ghit and beyond DRAMsthe

topology than other cell structures. trench will be too difficult to etch, the
‘D/ N\ h . aspect ratio will be too great for
| Rochester | nstitute of Technology
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CAPACITOR AREA AND REQUIRED CAPACITANCE
Shows the trend of capacitor area and
required capacitance. *Thermally robust Ta2O5
o3 »  (Tantalum PentaOxide) has been
t e < attractive for DRAM capacitors.
3 R & «Ta205 has a dielectric constant
N ) 2 . e & Intherange of 16-40.
3 F o © 1 &  «Ta205 has good conformal step
g e 2 : :
S | o ~  coverage when deposited using
i for 25 tF/ceil ] %-D‘ CVD
0.01 L1 Lty P N
GaM 256M 1G 4G ~  +(Ba,Sr)TiO3 Is Another
Bt Density Alternative Capacitor.
(EREEEEE,
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TANTALUM PENTAOXIDE CAPACITOR

Capacitance of more than 90fF/cdll

Al-SI and leakage current less than 2x10"-

— Te205 15 A/cdll is obtained by applying a

polystiicon  \\/NX/poly-s top electrode with a
rugged poly-si surface (projection
area = 0.4um) with an effective
oxide thickness of 3.5 nm.

As depééi’tégﬁlt"gZOS 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 athin layer of SIO2 over the poly and provides a

barrier to carrier flow. The ozone provides atomic oxygen to fill
vacanciesin the film.
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BIASOPTIMIZATION 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) toaVp of 1.0 volts.

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

1E03 +

m
2

Using a bias optimization scheme can
v owc *  gregtly improve the quality of the
A > . capacitor by reducing leakage current
~> ' é_v,m e - @l @gIven supply voltage, VCC.
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EPITAXIAL (Ba,Sr)TiO3 CAPACITOR

Aswell as ahigh 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.

-3 -7

o I Their superior performance is attributed
ie2f to the appropriate lattice deformation
e caused by the attice constant mismatch
é:z between BSTO and SRO and the

cleanliness of their hetroepitaxial
Interfaces.

£ 47
1E-8
1E-9

30 20 40 00 10 20 30

applied yvolt
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HETEROEPI TAXY

Their superior performance is attributed to the appropriate | attice 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 dissmilar materials. Which

means that the material being grown has a lattice mismatch from the underlying
material.

The heteroepitaxia growth in this case of (Ba,Sr)TiO3 thin filmis classified as
Incommensurate growth.
Incommensurate growth is the production of thick layersthat 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 aresult of comparision between
epitaxial and polycrystalline capacitors with identical dielectric thicknesses, the
mm;m@ched Induced lattice deformation is highly effective to increase the dielectric

\ constant of the film.

Rochester | nstitute of Technology

Microelectronic Engineering /
| -

| © Dr. Lynn Fuller, Motorola Professor Page 22

|E| (=]




SINGLE LAYER NITRIDE CAPACITOR

Key Technology for increasing

capacitance for the Ghit era trench
sierectc | CAPECItOrs Is athinner dielectric film
< BL with low |eakage current.

STI

WL METAL -1

L7

— @

- SIN is promising for material that has
- wpelysi  |OW leakage current and the potential
to be thinned further and it has a high

dielectric constant.
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SINGLE LAYER NITRIDE CAPACITOR

SIN Film has a greater potential for thickness

3
) reduction because of its higher dielectric
‘% dl siN/  sio, constant. Nitride e~7 Whereas SIO2 e~4-5.
‘E’: 1 However, the actual leakage current in SIN
. filmislarger than in SI02 films because of

1 2 3 4 bondsintroduced in deposition.
Calculated Voltage based on ideal films

s [ A novel SIN-CVD technology using SiCl4-
) g NH3 system was devel oped instead of

i conventional SIH2CI2-NH3 system to

ol A-sw | overcome this subject.

W

4 5 6 7 8
‘ A\ Actual Voltagﬂ e based on actual films

er | nstitute of Technology
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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; SICI4-NH3 (TCS-SIN) as reactants.

SiCl4 has no S-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 doneto find 200803

out how many Si-H bonds are present in =~ teeeee [2 2|
thefilm. Asshowninthefigure theSi-H  § 001 o 3
bond that usually exists in conventional 4 cooeso0 ARy o
Nitride deposition cannot be detected. BN S —

wave numbar{cm

I \
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SINGLE NITRIDE LAYER CAPACITOR BY NOVEL CVD

Thisnew Si-N (TCS) shows superior
g [Tea=a03rm electrical characteristics over the
8 i l_—_I'G‘“’ —- conventional DCS Nitride deposition.

i€ 4

4 At the required leakage current, the
5" DCS—SiN TCS capacitor can handle ~2 volts
S ": TCS—SIN compared to the conventional ~1.3
i volts with a dielectric thickness of

e mem 1 463 mm.

vg [V]

The equivalent oxide thickness is can be reduced below 4 nm which
IS apromising capacitor dielectric for the Gigabit era and beyond.

I \
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SALICIDE BRIDGED TRENCH CAPACITOR

connect 7

 DSS
process

2 1 _{(saiicide
i Howto (I bridge

" Reliability 7!
J How to ‘

Capacit
ey dope? |

Buried
oxide
collar

Vapor-
phase
doping

A

A\

issues. The DSS technology is the solution to these issues,

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

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 alow
series resistance path for current
to flow through.

Fig. 1. Schematic cross-sectional view of a trench capacitor DRAM and key

Phosphorus=2<10"%cm™? §

Tisi, 1
60keV
n/p 1

n’_diffusion areq, 1
= S00 = KO0 1

T
F = Rochester | nstitute of Technology
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SALICIDE BRIDGED TRENCH CAPACITOR

3 H .l
Si surface protection Oxide :inﬂa; & §L surface E;gﬂ;;ﬁ:; protection
protection from doping :
‘;ﬂfgﬁﬁﬁuewau by {t, 2pd Si:N,-sidewalls by 181, 204 Si,N,-sidewalls
Trench -
-atching e
-Mask
Frakd R
Buried oxide
H"' = - v 24 N [ ey
e :i:o;ﬂul?;* 1 By-product PSG U =
Demnwelipml)
(A) Buried oxide collar formation. (B) }’mrm doping for capacitor-plate-node (C) By-product PSG removal with HF.
m ——
] et e v The DSS process makes it possible to
ai

fabricate a self-aligned buried oxide collar
() Comventional trench formation and cell ransistor - 9N & salicide bridge over athick oxide
collar.

(1

g

| Silicidation |

[ Rochester | nstitute of Technology

Microelectronic Engineering /
| -

| © Dr. Lynn Fuller, Motorola Professor Page 28




Orain Cusrgntia)l

Fig, |

Daigy bme per sluge (psec)

Big. |

——d

PATTERN BONDED SOl DRAM
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Previous reports of SOl DRAM
described the limitation of scaling

down due to short channel effects of

the PMOS, and the LOCOS
1Solation 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

DRAMSs for future DRAM generati

[
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PATTERN BONDED SOl DRAM

storage node

buried contact _,)

Rochester | nstitute of Technology
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PATTERN BONDED SOI

storage

late pal i
poly X /,F. poly oxide

L o

stopper Substrate

A. LOCOS stopper / capacitor Formation
{ Planarization for Wafer Bonding
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A I A
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! Shallow Trench Isolation

1\ULITLOLUL 1THIOULULL U 1 LUT T TVIVY Y

Substrate

stopper

bﬂndirrg

|T'I.Iﬁ|iﬁ!33 ——
Ny

HANDLE WAFER

Microelectronic Engineering

B. Wafer Bonding and Anneal

D, Gate Formation / Bil Line Damascene ! Metallization
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FUTURE OF DRAM

With increasing density of DRAM atrench type capacitor will not suffice do to
Increasing aspect ratio of trenches needed to have enough capacitance. The etch will

just become impossible.

Thiswill force the industry to use Capacitor ~__ Weiktine. e
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 Ta205
thin films due to its high dielectric constant
and good film quality for small film

thickness.
A

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

DRAM will become less of acommodity with the introduction and
manufacturability of embedded DRAM, that is DRAM on the same
substrate as logic and microprocessors.

A\
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OMEWORK - MEMORY DEVICES
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