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Link between a-particles, 3-D NAND and MRAM - Tunneling

3-D NAND

a-particles

SEPTEMBER 22, 1928] NATURE

Wave Mechanics and Radioactive Disintegration

0" 0 o om, X

Much has been written of the explosive violence
with which the a-particle is hurled from its place in the
nucleus. But from the process pictured above, one
would rather say that the a-particle slips away almost
unnoticed.

Rowarp W. GURNEY.
Epw. U. CoNDoON.
Palmer Physical Laboratory,

Princeton University,
July 30.
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What is Tunneling?
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“We shall not expect to find in quantum mechanics
anything so definite as this sharp dividing surface”

Elementary Quantum Mechanics, R.W. Gurney, 2" ed., Cambridge University Press, 1940
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Tunneling in Solid State Memories

d 2-D NAND
Charge tunneling to and from a Floating Gate Basic Components
7 3-D NAND Field Effect Device

. . 7 Electrometer to
Charge tunneling to and from: | measure charge

7 Silicon Nitride (Samsung, Toshiba, WD-SanDisk, Hynix) Charge Reservoir

7 Floating gate (Intel, Micron) 0 Nitride or Floating Gate
ad Classic SONOS Move Charge In/Out
Charge tunneling to and from silicon nitride ] |@ Tunneling
a3 STT-MRAM

Electron tunneling between magnetic metals
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2-D NAND Flash

128 Gbit 16 nm 2-D NAND
from Intel/Micron

wordline

| Control Gate
Floating Gate

cl h'i;works

Dielectrics
between gates

Tunnel oxide
(~7 nm)

chipworks




3-D NAND Flash

and charge
storage reservoir
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86 Gbit V-NAND from Samsung
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Classic SONOS in 3-D

Blocking oxide

\

Charge stnrage /

Reservo:r S|I|con nltrlde _ Polysilicon
L e ~ . CHANNEL

Tunnel oxide

A.J. Walker, IEEE Trans. Elect. Dev., vol.56, Nov.2009
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STT-MRAM

Low resistance P-state Logical “0”

Tunnel Magnesium Oxide

Tunnel barrier MgO

[Reference Iayerf CoPt ]

High resistance AP-state Logical “1”

Tunnel barrier MgO

[Reference Iayerf CoPt ]

& Snin Transfer Technologies

An Allied Minds Compan)|
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Tunneling Damage

0 Rule of Thumb:
Tunneling creates more damage in thicker tunnel dielectrics

7 What is thick and what is thin?
>/~ 3.5nm is THICK (2-D and 3-D NAND)
</~ 3.5nm s THIN (Classic SONOS and STT-MRAM)

0 What is damage and what are the consequences?

Charge trapping:
7 Threshold voltage shifts (in MOS-based memories — NAND and Classic SONOS)
7 Shifts in Current-Voltage characteristics

Stress induced damage:
7 Limited retention (in MOS-based memories — NAND and Classic SONOS
7 Wear out and breakdown

S D @ 2018 Storage Developer Conference. © Spin Transfer Technologies. All Rights Reserve




The Golden Thread of Tunneling

From Fundamental Physics to Technological Innovation (1)
MOSFET 1960 CHARGE TRAP 1967-68 e T s A N

Charge Transport and Storage in Metal-Nitride-Oxide~Silicon (MNOS) Structures®

D. Fromuus-Brsrcmxowsxy avn M. Lewzives

. 114 THE VARIABLE THRESHOLD TRANSISTOR, A NEW ELECTRICAL. Fairchitd Semiconducior, Reserch ond Development Laberatory, 4001 Miranda Asense, Palo Alie, Califernia 04304
United States Patent Office .., "% LY-ALTERABLE, NON.DESTRUCTIVE READ-ONLY STORAGE DE. eivod 18 Febuary 1969;in sl forms 31 Mrch 1965)
" ICE, H. A. R. “'Egener A. J. Lincoln, H. C. Pao, M. R. O'Connell, and
R. E. Oleksiak, Sparry Hand Research Center, Sudbury, Mass.: H. Law
Ang (21, 1363 RO g otz rence, Sperry Semiconductor, Norwalk, Coni.
ELECTRIC FLILD CONTROLLID SEMICONDOCTVUR DEVICE. A memory element hag been *eve]nped iha( IIBS the structure of a typical
- silicon_planar pchannel hi nent insulated-gate field-effect transistor

(IGFET). The informati.._ is si.red by setting (he threshold voltage of the
value. Intermazation is accumplished by applying a

to the thr_ 'd voltage extremes. Current will flow
Wegener ' 1( the recuded threshold voitage an;ess negative

EEPROM
tage; none will flow if the recorded threshold e ——

i ] .
etal.  (umoeglc petrine s mighe = Frohman-Bentchkovsky & Lenzlinger 1978

1 i e o i e
st e = dvim ik ype by
i o ek b 8 o mmem it

Kahng T threshold voltage is similarly obtained with posi-
Euc Sﬂnt;d;;ulsie ;I‘tl-e P:rsls[znf& of s;:areu information has been
t i n
" The storage fmehanism will be_dislitted and cxperimental data that United States Patent (15 . my 4,115,914
e 5 A - describe the wi. in, read-out, and storage cham:tcrlil s of this device = Hararl
Electi . Emassion in Intense Electric! ‘elds. will be presented. Che results of its applicatiy various expsrlmen!a] cir- Harari (] Sep. 26, 1978
U [ P Oﬁ 3,206,670 uits, includir’s a one-by-four electrically-a .ab‘e read-only memory, will be
By R. " Fowter, F.R.8,, and Dr. L. NoonHEDY. nitciggrates Latent C e gt 14, 103 | 90 IM CONE 00 ELECTRICALLY ERASABLE
aar. NON-VOLATILE SEMICONDUCTOR
Sept. 14, 19 M. M. ATALLA 3,206,670 MEMORY
(Received March 31, 1928.) e T e S 43 MONOS MEMORY ELEMENT, B. V. Keshavan and H. C. Lin “Vest-
Proceedings of rhal Society of London. Series A, Containin§ers of a Ata“a P ik, & 1000 s i\ﬁhw“ Electric Corper ion, Integrated Circuit Division, Lin. um, Inventor:  Eliyabou Harari, Irvine, Calif 59
3 o0
Mathemarical and Physical Character, Volume 119, Tesue 81 (May 1, Toas). 173181, e i) el T R s st Wiy (o i o i gk i Coip;
element was reported by Szed-n at the 1967 Device Researc.. onfer- City, Calif.
T ence. When such a structure used as p-channe] enhancement mode Appl. No: 70346
device, a positive gate voltage exceedlng a certain critical value /" nges I_
device into depletion mode. Later when a negative gate voltage'. che order Filed: Feb. 22, 1977 40
of this eritical voltage is appliec 'e device changes back to enhancement -
s T - o lained as electron tunn 'ing from the a8
i i | ; u\e traps in the nitride " 0 a posiuve
o Fio 1. i Keshavan & Lin -mim? uctor with negative gate bias.
A Floatl  Gate and Its Application ory element. 2
In onder to study the emission through the potential energy step of fig. 1 1o Memd® Devices A NEW FLASH EPROM CELL USING TRIPLE POLYSILICON TECHNOLOGY
we have only to solve the wave equations i vovnnar o ien rrvsies vorums e nukane 1 Tawuany e
. x>0, W e ) e PR o TSN o s FUJTO MASUCKA, MASAMICHI ASANO, HIROSHI IWAHASHI, TEISUKE KOMURO
Fowler-Nordheim G 5 nscipt boscivell Mag 38, et ot Bt L, b ot 04 and SHINICHI 7 AKA
d : e M e When § wission is of Fowler-Nordhein tunncling type, then the
eurrent deavity, j, has ¢ _‘: INTEGRATED CIRCUIT DIV. SHIBA CCRP.
puperaon tusen

5" exp (—Eu/ED, )

Lenzlinger KOMUKAI 1, SAIWAIKU, KAWASAKLI 210 JAPAN
&
Snow

FUNDAMENTAL
PHYSICS
1928

In conclusion, it has bren dewonstrated that the controlled field
‘emission (o the buried “floating” gate may be capacitively induced by
pulsing the outer gate electrode. This combination can therefore, be
used as & memory device, with hokding time as long as the dielectrie
relaxation time of the gate structure and with continuous nondestruc.
tive read-out capability. There scems to be o inherent. reason why
read-in read-out eannot be performed in a very short time, say in the
nanosecond range or even shorter.

Kahng & Sze

wETaL e swicow

Al (digit line)

464 [EL 84

Masuoka et al.

Enlargements in Appendix wSae s

FLOATING GATE 1967 SfEien
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The Golden Thread of Tunneling

- From Fundamental Physics to Technological Innovation (2)

MULTI-BIT 1992
NAND FLASH 1988

HEW DEVICE TECHNOLOGIES FOR SV-ONLY 4Mb EEFROM United States Patent (9 (1 Patent Number: 5,095,344
WITH NAND STRUCTURE CELL Harari Harari 5] Date of Patent: Mar. 10, 1992
LIMIT of 2-D NAND FLASH
- *Im{lll
M.Momodomi, R.Kirisawa, R.Nakayama, S.Aritold, T.Endoh, Y.Itoh, Structures, <thods of manufacturing and methods of I:m-rp

¥.Iwata, H.Oodaira, T.Tanaka, M.Chiba, Shirota and F.Masuoka

ULSI Researgh Center
Toshiba Corporation, Komukai 1{ Viwai-ku,Kawasaki 210,Japan

Bit Line

CELL OPERATION
Selecl Gurul—"'d'L ;

This cell can be
fore, current

dissipation during
operations

is very small.

external single-5V power supply.

programmed and
eraged by F-N tunneling mechanism. Thore-

those

High voltage
pulses are generated on the chip from an

use of electricallyisrogrammable read only memories
(EPROM) and {_ electrically erasable and program-
mable read only .iemories (EEPROM) include split
channel and other cell 2" gurations. An arrangement

of elements and coope:  .ve processes of manufacture 200
provide self-alignment of the slements. An intelligent
programming technique al! 2

store more _than the usual ot._ bit of information. An
intelligent erase algorithm prolongs, of the
memory cells. Use of these vario. fetures provides a g
memory having a very high storage-wensity and a Jong

life, making it particularly useful asa < state memory

in place of magnetic disk storage devi s in computer
systems.

Vi V)
-1

Momodomi et al.

HL-TEDM RS

Enlargements in Appendix
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United States Pater .

Harari et al. .
e Harari

A system of Flash EEprom memory chips withs ol
ling circuits serves as non-volatile memory such as that
provided by magnetic disk drives. Improvements i

clude selective multiple sector erase, in which any con.
binations of Flash sectors may be erased together. Se-
lective sectors among the selecied combination may
also be de-selected during the erase operation. Another
improvement is the ability to remap and replace defec-
five cells with substituie cells_The remapping s per-

formed automatically as soon as 8 defective cell is de-
tected. When the number of defects in a Flash sector
becomes large, the whole sector is remapped. Yet an-
other improvement is the use of a write cache to reduce
the number of writes to the Flash EEprom memory,

thereby minimizing the stress 1o the device from under-
EOINg 100 many write/erase Cycling.

fi1) Patent Number:
f45) Date of Patent:

5,207,148
Mar. 22, 1994

SYSTEM FLASH 1994

~2016




The Golden Thread of Tunneling

- From Fundamental Physics to Technological Innovation (3)

Thin Film Transistor (TFT) SONOS 2003

3D TFT-SONOS Memory Cell for Ultra-High Density File Storage Apphcatlons
Abstract Walker et al.

For the first time, a scalable. low power, deep-submicron
TFT-20t™ S| hit Sl Trawsisic: ST con Oxide-Nitride-
_xice-Silicon) memoary cell is  descrl i with

characteristics rivaling those of single crystal C:vices |

(>10° cycles, ~1.6V window after 10 years on cycled 21l

at 85C) showing the promise of 3D integration and ulirz

small cell footprints. The ability to vertically stack device 1 Tunnel
layers enables the current memory density record of | ;?g:;::::::no"i“‘

~200Mbyte/em’, set by 90nm NAND, to be surpassed.
{Keywords: TFT, SONOS, 3D, nonvolatile, memory)

DG-TET SONOS NAND 2008

TET SONOS NAND 2006

Sub-50nm DG-TFT-SONOS - The Ideal Flash Memory for Monolithic 3-D
Walker Integration

Abstract Memory Gate

[ R

A revolutionary 3-D stackable sub-50am| buiie-gate TFT Charge Trapping Nitrid

SONOS technology is presented her” with series strings of up
to 64 cells consisting of the sme'lest silicon-based TFT's to
date. Read- and program-pass disturbs have been
extinguished. Excellent endur. ce and retention are shown.
Monolithic 3-D integratiop and scalability are ensured
through close to zero source/drain diffusion. Finally,

Channel
polysilicon

Pass Gate Oxide

Pass Gate

comparisons with TANOS . re given.

Abstract

A double-layer TFT NAND-type Flash memory is
demonstrated. ushering into the era of three-dim¢ “ional (3D)
Flash memory. A TFT device using bandgap engineered
SONOS (BE-SONOS) [1.2] with fully-depleted (D) poly
silicon (60 nm) channel and tri-gate P*-poly gate is infC_rated
into a NAND array. Small devices (L/W=0.2/0.09 pm) w. 1
excellent performance and reliability properties are achieved.
The bottom layer shows no sign of reliability degradation
compared to the top layer, indicating the potential for further
multi-layer stacking. The present work illustrates the
feasibility of 3D Flash memory.

A Multi-Layer Stackable Thin-I 'm Transistor (TFT) NAND-Type Flash Memory

Lai et al.

The Rise of Monolithic 3-D Flash

Enlargements in Appendix
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The Golden Thread of Tunneling

- From Fundamental Physics to Technological Innovation (4)

Bit Cost Scalable Technology with Punch and Plug Process
for Ultra High Density Flash Memory The Rise of Vertical Channel

Tanaka et al. @ ®
Al stret Charge Trap Layers
We propose Bit-Cost Scalable (Bil'S) eca.ol v | high _? Upper _ 3_D NAND FIaSh
realizes a multi-stacked memory array with a few constam 56 poysi poly-5i
. . i Body Gate
critical lithography steps regardless of number of stacked 4
layer to keep a continuous reduction of bit cost. In this

onirg!

technology., whole stack of electrode plate 1s punched A o (]
through and plugged by another electrode material. SONOS Al e Y =
type flash technology is successfully applied to achieve B sg  polySi ol e .
BiCS flash memory. Its cell array concept. fabrication Gat= £ Vertical Channel TFT SONOS TCAT NAND
process and characteristics of key features are presented. ’ 2009
Vertical Channel TET SONOS BiCS NAND Verudcal Cell Array using TCAT(Terabit Cell Array Transistor) Technology
2007 Jangetal. for Ultra High Density NAND Flash Memory

Abstract

Vertical ' JAND flash memory cell array by TCAT (Terabit
Cell Array T.ansistor) technology is proposed. Damascened
metal gate SONG3 trve cell in the vertical NAND flash string 1s
realized by a unique ‘gite replacement’ process. Also.
conventional bulk erase operation’cf {72 oll 35 specesstully
] ] demonstrated. All advantages of TCAT flash is acuieved
Enlargements in Appendix without any sacrifice of bit cost scalability.
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The Golden Thread of Tunneling

- From Fundamental Physics to Technological Innovation (5)
Rise of 3-D NAND FLASH > 2013
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The Golden Thread Continues:

STT-MRAM: A Unique Tunneling Conundrum

Tunnel barrier MgO

Magnetic
Tunnel

Junction
(MTJ)

e  Write Error Rate needs large tunnel current
— Limits endurance due to oxide wear out mechanism
 High endurance with low Write Error Rate needs
reduced tunnel current
— Make Free Layer magnetically less “stiff”
— Reduce MTJ area
— Use special design techniques

S D @ 2018 Storage Developer Conference. © Spin Transfer Technologies. All R

Write Error Rate

The Stochastic “Top Hat”
1

Pulse width \

20 ns l ;

100 ns

107
10°
10°

10

10° —_— B
08 06 04 02 0 02 04 06 08

MTJ Voltage (V) s mmewnmesn

: 16




100,000 1

Tunneling Engineering

a3 NAND Flash increases electrical bits/cell:
Cost in endurance (orders of magnitude reduction) |
Cost also in read and program speeds ! Wziﬁsperc;;éq it
a7 SLC NAND endurance limited by thick tunnel oxide damage

3-D NAND
example

Endurance
s

d New device architectures can allow thin tunnel oxides Memorvigie
3-D Dual-Gate SONOS allows millions of endurance cycles et
0 STT-MRAM endurance boosted by design technlques T[/" . and
Up to 6 orders of magnitude gain allowing | o] | A
SRAM/DRAM replacement |\ e
P o] EORNRON | Pass Gate
=
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unneling Conclusions

3 A long and illustrious history
7 The foundation of many solid state memory technologies

7 Creates damage and must be monitored

Architectures, circuits and systems can take advantage of the
physics knowledge to control and boost endurance

7 Continues to grow in importance:
3-D NAND evolution

Other 3-D solid state memory approaches
STT-MRAM
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Appendix

a3 Enlargements of the articles in the Golden
Thread timeline
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Fowler-Nordheim Tunneling

Electron Emassion in Intense Electrie Fields.
By R. H. Fowrer, F.R.S,, and Dr. L.. NorpHEM.

(Received March 31, 1928.)

Proceedings of the Roval Sociery of Londaon. Series A, Containing Papers of a
Mathematical and Flivsical Character, Yolume 119, Issue 781 (May 1, 1928), 173-181.

(i) (i)
Fua, 1.

In order to study the emission through the potential energy step of fig. 1
we have only to solve the wave equations

T LW —C+F) =0 (>0, ()
;i;brﬂwq, =0 (z<0), (5)
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Kahng and Atalla - MOSFET

. 3,102,230
United States Patent Office ., >250
Aug. 27, 1963 DAWON KAHNG 3,102,230

ELECTRIC FIELD CONTTROLLED SEWICONDOCTOR DEVICE
Flled Moy 31, 1960

Frei 5

In pxsoedance with dhe presmeal mvestinn waefal char-
ableriifiz wn chisined from o devics of bl type By
arruzging the asmalaied girouliry o vary in elecie fisld
s the oxlds e respoine 16 PRFMIG 0 wollage e
the junations.  In pesticular, volinge repulabon or am- A
plfiewtion can be achirvd by 1he ireention.

United States Patent Office .. 2"0%0

Sept. 14, 1965 M. M. ATALLA 3,206,670
FEMICOHDUCTOR DEYICES HAVING DIELECTRIC COATINGE
Filed Morch 3, 1960

If, Tar exgompls, jundlion 31 & bewed in (e Farwand
direziion ped jemction B3 & Bised & ihe s direzion
by ibe applicetion of an approgriate volizze from a
bauery By sanmedtsl hatween chmis conlacis 53 aed B8,
o posites blas af che oxide will Indoe: a region of nega-
Gve glone ¥ which will provide o Jow impodance palh
ol & predeiemined valne of hing applied Leress e oxide
Biyar, The device can bo refamed fo 5 high impedanze
slte by femerving the hiaa or, allersatively, by applica-
tiom of 2 negathe wolloge ot lbe oxlds dependiog oo de
Hgn paramalen
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Kahng and Sze — Floating Gate Memory

A Floating Gate and Its Application
to Memory Devices

By D. KAHNG snd 8. M. SFE

(Manunseript received May 16, 1967)

5 o M Liz Ll
s When the emission s of Fowler-Nondheim tunneling type, then the
eurrrent density, j, has the form
j = C.E ep(—EJE). (2n)

In conclusion, it has boen demonstrated that the controlled feld
ermission to the buried “floating™ gate may be capacitively induced by
pulsing the outer gate electrode. This combination can therefore, be
used as & memory device, with holding time as long ns the dielectric
relaxation time of the gate structure and with continuous nondestruc.
tive read-out capability. There seems to be no inherent reason why
resd=in read-out cannot be performed in & very short time, say in the
nanoseconad range or even shorier.
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Wegener — “ON” Charge Trap Transistor

1.4 THE VARIABLE THRESHOLD TRANSISTOR, A NEW ELECTRICAL-
LY-ALTERAELE, NON-DESTRUCTIVE READ-ONLY STORAGE DE-
VICE, H. A. R. Wegener, A. J. Lincoln, H. C. Pao, M. RH. O'Connell, and
R. E. Oleksiak, Sperry Rand Research Center, Sudbury, Mass.; H. Law-
rence, Sperry Semiconductor, Norwalk, Conn.

A memory element has been developed that has the structure of a typical
silicon planar p-channel enhancement insulated-gate field-effect transistor
(IGFET). The information is stored by setting the threshold voliage of the
IGFET to a high or low value, Interrogation is accomplished by applying a
gate voltage intermediate to the threshold voltage extremes. Current will flow
between source and drain if the recorded threshold voltage is less negative
than the interrogating gate voltage; none will flow if the recorded threshold
voltage is more negative. A high (negative! threshold voliage is written by
applving a pulse of —50 v or higher for a duration of 1 msec or less between
gate and substrate. A low threshold voltage is similarly obtained with posi-
tive 50 v pulse. The persistence of stored information has been demonstrated
for periods of at least several months.

The storage mechanism will be discussed and experimental data that
describe the write-in, read-out, and storage characteristics of this device
will be presented. The results of its application, in various experimental cir-
cuits. including a one-by-four electrically-alterable read-only memory, will be
| given in conclusion.

S D @ 2018 Storage Developer Conference. © Spin Transfer Technologies. All Rights




Keshavan — “ONQO” Charge Trap Transistor

24.3 MONOS MEMORY ELEMENT, B. V. Keshavan and H. C. Lin, West-
inghouse Electric Corporation, Integrated Circuit Division, Linthicum,
Md.

The use of metal-nitride-oxide-semiconductor structure as a storage
element was reported by Szedon at the 1967 Device Research Confer-
ence. When such a structure is used as p-channel enhancement mode
device, a positive gate voltage exceeding a certain critical value changes the
device into depletion mode. Later when a negative gate voltage of the order
of this critical voltage is applied, the device changes back to enhancement
mode. This phenomenon has been explained as electron tunneling from the
semiconductor through the oxide into the traps in the nitride with a positive
gate bias, and from traps into the semiconductor with negative gate bias.

This can be used as a nonvolatile memory element.
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Lenzlinger — Theory of FN tunneling in SIO,

JOPERAL OF AFPTLIED FPHYEILCS YOLUME 40, NUMBER § JARUARY B9

Fowler-Nordheim Tunneling into Thermally Grown Si0;

M. Lxweuwoee axp E. H. Swow
Fatrehidd Semdcawducior Reppsrck and Drveleprent Loboralery, Pale ANa, Coliferads sddod
{Received 0 Sepember 1968]

~ELELTOON EMESICN

I'.

\-\.I‘-
lll-'llll

I__. 'l '|._

.Il II

METAL DHDE  SiLicay L
) L —

W e

W
L1

ELECTRION FWIiESIDH I

wETHL  OXIDE  SILICOH
(hl CONCLITSON

It has been shown thet the carrenl throogh ey
| mally grown pilicon dioxide i elesctnede limiled, All
Kl f' F smentisl functional dependencies of the Fosler—Nord-
fa f heim emission thesry have been observed. Two dis-
| _.-' ! cripmnties resaln: The sbislite value of the curesis
P ) iz Jow by 15 #0 ane onder of magnitude; this B probably
F reluted ta the indtial current dridt. Secomd, tha vaiee of
Fi ihe efactive mas m® necessary o fit ihe temperature

) dependence b lncompatible with the slope of rhe
! Fowler-Nonthiins plot; this his not been satlsfsetarly
METAL OXIDE  Snicna enplaingd. Thew nmules are believed 1o provide e
I:I;'.:I maal comphite experimen tal examinalion of the Fowler
Nordbsim emimion theory mportad o date,
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Frohnman-Bentchkowsky — Charge Trap charge
transport and storage

JOURNAL OF APPLIED FHYSICS

Charge Transport and Storage in Metal-Nitride-Oxide~Silicon (MNOS) Structures*

VOLUME 40, NUMEER & JULY 1969

I}, Fromwas-Besreaxowsey oo M. LERrFLRGER
Foirahild Newmiconduclor, Research ond Develogmen! Laboratory, 4000 Mironds Avenne, Pala Ao, Colifernia 04304
(Received 19 February 1969; in fnal form 31 March 1969)

lal
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Harari — EEPROM with tunneling

United States Patent [ (1] 4,115,914
Harari [45) Sep. 26, 1978
ELECTRICALLY ERASABLE
NON-VOLATILE SEMICONDUCTOR 56
MEMORY : ; 54\ , ”f"ﬂ
Inventor: Eliyabou Harari, Irvine, Calif. \ ? 3 “ b ‘7
Assignee:  Hughes Aireraft Company, Culver | 5 73 /L
R ) wm;r y

Appl. No.: 770,346 ol f‘-’*f A

; / / 3§ f s
Filed:  Feb. 22, 1977 A ot / /] gl /x E 40

48
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Masuoka - Flash

SDC

A NEW FLASH E?PROM CELL USING TRIPLE POLYSILICON TECHNOLOGY

FUJIO MASUOKA, MASAMICHI ASANO, HIROSHI IWAHASHI, TEISUKE KOMURO

and SHINICHI TANAKA

INTEGRATED CIRCUIT DIV. TOSHIBA CORP.
KOMUKAI 1, SAIWAIFKU, KAWASAKI 210 JAPAN

o-o Control gate AL(digit line)
Flnﬂting\- ~
R e 464 — IEDM 84
T J LA
- L (c)

Selection transistor
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Momodomi — NAND Flash (2-D)
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NEW DEVICE TECHNOLOGIES FOR 5V-ONLY 4Mb EEPROM
WITH NAND STRUCTURE CELL

M.Momodomi, R.Kirisawa, R.Nakayama, S.Aritome, T.Endoh, Y.Itoh,
Y.Iwata, H.Oodaira, T.Tanaka, M.Chiba, R.Shirota and F.Masuoka

ULSI Research Center
Toshiba Corporation, Komukai 1,Saiwai-ku,Kawasaki 210,Japan

Bit Line CELL OPERATION

This cell can be programmed and
SG1 erased by F-N tunneling mechanism. There-

fore, current dissipation during these
operations is very small. High voltage
pulses are generated on the chip from an
external single-5V power supply.
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Harari - Multibit

United States Patent [ (111 Patent Number: 5,095,344

Harari 45) Date of Patent: Mar, 10, 1992
105 Luk)

Structures, methods of manufacturing and methods of Iiﬂ'l."p

use of electrically programmable read only memories 3‘

(EPROM) and flash electrically erasable and program-

mable read only memories (EEPROM) include split
channel and other cell configurations. An arrangement
of elements and cooperative processes of m;nut':gmre 200 -
provide self-alignment of the elements. An intelligent

0 ing technigue allo

store more than the usual one bit of information. An
intelligent erase algorithm prolongs ithe useful Tife of the
memory cells. Use of these various features provides a o,
memory having a very high storage density and a long

life, making it particularly useful as a solid state memory

in place of magnetic disk storage devices in computer
systems.

1
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Harari — System Flash

United States Patent (i (1) Patent Number: 5,297,148
Harari et al, [45] Date of Patent: Mar. 22, 1994

A system of Flash EEprom memory chips with control-
ling circuits serves as non-volatile memory such as that o e e e e e e e
provided by magnetic disk drives. Improvements in- I |
clude selective multiple sector erase, in which any com- MICRO- |
binations l}f Fl‘-‘h seCclors may be erased T.ﬂEﬂ'ﬂ'lEI. Se- m :
lective sectors among the selected combination may [
also be de-selected during the erase operation. Another |
improvement is the ability 10 remap and replace defec- L ———————
ive_cells with substitule cells. 1he remapping is per- 23 SYSTEM RUS

tected. When the number of defects in a Flash sector

becomes large, the whole sector is remapped. Yet an- 25 -0
other improvement is the use of a write cache to reduce RAM 1N

the number of writes to the Flash EEprom memory, DEVICELS)
thereby minimizing the stress to the device from under-
EOCINg too many wrnte/erase cycling.
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Walker — TFT SONOS

3D TFT-SONOS Memory Cell for Ultra-High Density File Storage Applications

Abstract
For the first time, a scalable, low power, deep-submicron
[FT-SONOS {Thin-Film Transistor Silicon-Oxide-Nitride-

. in

Oxide-Silicon) memory cell s described  with : ppIng
characteristics rivaling those of single crystal devices 2 :
(>10° cyeles, ~1.6V window after 10 years on cycled cell T l i
at 85C) showing the promise of 3D integration and ultra- e, Sodios
small cell footprints. The ability to vertically stack device g
layers enables the current memory densily record of 1 S inhe!
~200Mbyte/cm’, set by 90nm NAND, to be surpassed. f_-

Keywords: TFT, SONOS, 3D, nonvolatil ) § Channel Oxide

{Keywords: . . 3D, nonvo! e, MEMOry polysullmn
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Lal — TFT SONOS NAND

Abstract

A double-layer TFT NAND-type Flash memory 1is
demonstrated. ushering into the era of three-dimensional (3D) |
Flash memory. A TFT device using bandgap engineered |
SONOS (BE-SONOS) [1.2] with fully-depleted (FD) poly |
silicon (60 nm) channel and tri-gate P™-poly gate is integrated
mto a NAND array. Small devices (L/'W=0.2/0.09 pum) with
excellent performance and reliability properties are achieved.
The bottom layer shows no sign of reliability degradation
compared to the top layer. mndicating the potential for further
multi-laver stacking. The present work illustrates the
feasibility of 3D Flash memory.
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Walker — Dualgate TFT SONOS

Sub-50nm DG-TFT-SONOS - The Ideal Flash Memory for Monolithic 3-D
Integration

Memory Gate

Abstract
Blocking Oxide

A revolutionary 3-D stackable sub-50nm double-gate TFT Charge Trapping Nitride
SONOS technology is presented here with series strings of up
to 64 cells consisting of the smallest silicon-based TFT s to
date. Read- and program-pass disturbs have been
extinguished. Excellent endurance and retention are shown.
Monolithic 3-D integration and scalability are ensured
through close to zero source/drain diffusion. Finally, Pass Gate Oxide
comparisons with TANOS are given.

Tunnel Channel
Oxide polysilicon

Pass Gate
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Tanaka — BICS SONOS NAND

Bit Cost Scalable Technology with Punch and Plug Process
for Ultra High Density Flash Memory

We propose Bit-Cost Scalable (BiCS) technology which

realizes a mulii-stacked memory array with a few constant 5 poly-5i poly-Si
critical lithography steps regardless of number of stacked —l Body Gake
layer to keep a continuous reduction of bit cost. In this |

technology. whole stack of electrode plate 1s punched i

8 83 |6f

through and plugged by another electrode material. SONOS (c)
tvpe flash technology 1s successfully applied to achieve al Cap SiN|__Ji°
BiCS flash memory. Its cell array concept. fabnication — poby-Si ol o+

process and charactenistics of key features are presented.
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Jang — TCAT SONOS NAND

Vertical Cell Array using TCAT(Terabit Cell Array Transistor) Technology
for Ultra High Density NAND Flash Memory

Abstract

Vertical NAND flash memory cell array by TCAT (Terabit
Cell Array Transistor) technology is proposed. Damascened
metal gate SONOS type cell in the vertical NAND flash string 1s
realized by a unique ‘gate replacement’ process. Also.
convenfional bulk erase operation of the cell 1s successfully
demonstrated. All advantages of TCAT flash 1s achieved
without any sacrifice of bit cost scalability.
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