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63390252 1 CONSTANT' CURRENT PROGRAMMING WAVEFORMS N0.422 D01  16 JUN 2004
FOR NON-VOLATILE MEMORIES BACKGROUND OF THE INVENTION 5  10  1. Field of
the invention This invention relates to non-volatile memories including
EPROM, EEPROM, and flash memory devices and more particularly to the form
of programming voltages applied to non-volatile memory devices which
utilize Fowler-Nordheim programming, hot electron injection or avalanche
injection as the method of programming such devices. 2. Description of
Related Art  Electrons in the floating gate of non-volatile memories repel
electrons. By applying a programming pulse with a square shaped traces, the
tunnelling current produces spikes 15 at the start of a programming step
arid decreases dramatically afterwards. This results in long programming
times. such a voltage spike degrades the tunnelling oxide layer. This
results in a small number of programming cycles available before the
tunnelling oxide layer to be an  insulating layer. United States patent No.
5,485,423 of Tang for "Method for Eliminating of Cycling Induced Electron
Trapping in the Tunneling Oxide of 5 Volt Only EEPROMS" shows a method for
applying a relative low positive voltage to a source region 25 of a EEPROM
during the erase cycle. However, this reference     16.ib'2004 21:24
KHRTTRR WONG ~ PRRTNERS i 63390252 



r _ 2 differs from the type of waveform voltage of the program and erase of
the invention United States patent No. 5042009 of Kazerounian :for "Method
for Programming a Floating Gate Memory Device" shows 5 a method of
pragramming a floating gate using a charge pump to provide a drain current.
The date voltage rises from a first value to a second value during
programming. However, the gate voltage is used for the limitation of the
drain current rather than to produce a constant programming ,current for
the optimization of programming speed and number of programming cycles .
See United States patent No. 4434478 of Cook et al. for a system and method
for "Programming Floating Gate Devices".Cook et al . describes incrementing
the gate 15 voltage in a stepped or a continuously increasing voltage such
as a linear or exponential ramp. glossary RAM = Random access memory
Memories, with cells which can be accessed at random, N0.422 D02 ~f ~B Jt~N
~~ rapidly accessible for both writing and reading. ROM = Read only,Memmory
Memories in which the read, but not the write operation can be performed
rapidly by a process referred to as programming Which is slower or mare
complex than ~5 writing data into a RAM.  16. JUN ' 04 (WED) 21 : 11
COMMUNICATION No. 53 PAGE. 2   16W612004 21:24 KHRTTRR WONG ~ PRRTNERS j
63390252 ,. 3 PROM (Programmable ROM) Programmable ROMs are ROMs~ into
which ,information can be programmed, but then cannot be erased. When a
PROM is originally manufactured, a data path exists between every 5r word
and bit line so there is a "1" stored in every data 



position. Storage cells are selectively altered to store a N0.422 D03 ~ ~s
,~u~u zoos "O" following manufacture by destructively severing selected
word-to-bit connection paths. after the write operation a "0" programmed
into a bit location cannot be reversed back 1.to a "1"in a PROM. EPROM
(ERASABLE,PROGRAMMABLE ROM Erasable PROMs are formed of MOSFET devices
which include floating polysilicon gates, floating in the sense that the
floating gate is not connected to any electrical 13 conductor, but is
isolated by dielectric materials. The floating gate provides long-term
retention of electronic charge as the information-storage mechanism of the
EPROM. The charge is transferred to the floating gate from the silicon
substrate through an insulator layer. 2p A form of electrically
programmable EPROM can be erased by irradiation of the device with
ultraviolet, (UV) light to remove erase) the stored charge from the
floating gate. For an NMOS EPROM, during the read operation, if the
floating gate is not charged with a sufficient number of 25 electrons,
inversion of the channel region under the gate will,occur. A conducting
channel region would then form  ' lfi. JUN ' 04 (WED) 21 :11 COMMUNICATION
No. 53 PAGE. 3   16W6~2C04 21:24 F r' KHATTAR WONG & PARTNERS i 63390252
N0.422 p04 ~~ ~ ,~uN Zno~ 



between the source and the drain, if voltage were applied. However) with
the floating gate electrode, channel. even with the applicatian of a gate
of a "1" or "0" in each bit location an external gate charge accumulated in
formation is prevented voltage. the presence therefore determined by the
presence or absence of a conducting.channel region in a programmed device.
For a PMOS EPROM device, the action is reversed. The presence. of the
electron assist channel formation and the the absence of the electrons
prevents it. FLOTOX EPROMS Referring to FIG.3, a fragmentary, sectional.
view of a prior art FLOATING GATE Tunneling oxide (FLOTOX) tran- sistor 102
is shown formed on a P~ substrate 122 on the 15 surface of which FOX (Field
oxide) regions 142, 142' are formed. Formed between FOX regions 142, 142'
on the surface of substrate 1l1 are included a gate conductor stack 162
comprising two polysilicon gates FG2 and CG2 a polysilicon oxide
inter-conductor layer ICD2, about 50 nm thick, formed 20 between gate
electrodes FG2 and CG2 and below the floating gate FG2 and ovre the drain
D2 is formed a thin tunnel oxide (silicon dioxide) layer TX2 preferably
about l0nm thick (from about 8nm to about 12nm). (Note that tunnel oxide
layer TX2 can be composed of an oxynitride. The floating gate CG2 is formed
above channel. region CH2 in the i substrate 122 and a pardon of drain
region D2 on the sight. 16. JUN ' 04 (WED) 21 :12 COMMiINICATION No. 53
PACE. 4   1E.~05i2004 21:24 KHRTTRR WONG & PRRTNERS -~ 63390252 r )An N+
doped source region S2 is formed on the left side of the stack 162,
self-aligned with stack 162, unlike the drain region D2. The lower
polysilicon layer is the floating-gate electrode FG2, while the upper
polysilicon layer is the 5 control. gate electrode CG2 The remainder of the
space between floating gate FG2 and and channel region CH2 and source/drain
regions S2/D2 is the gate oxide GOX which is typically 50nm (500A) thick.
Programming of the FLOTOX transistor 102 is done by ~causing electrons to
be transferred from the substrate 122 to the floating gate electrode FG2
through tunnel oxide layer TX2 using Fowler~Nordheim tunneling. Tunneling
occurs at a high control-gate voltage value of Vcc of from about 12 V to
about 18 V, when the drain voltage VD2,is 0 V, 1.S the source voltage Vs2
is 0 V) and the substrate voltage Vss is 0 V. As electrons accumulate in
floating gate FG2, charge builds on the floating gate FG2 causing the
electric field to be reduced thereby decreasing electron flow. Since the
tunneling process is reversible, the floating gate FG2 can be erased by
grounding the control gate CG2 (Vcg = 0) and raising the drain voltage
Vd2,to a high enough voltage for that purpose, while the source voltage Vs2
is disconnected, and the substrate voltage Vss is 0 V. Thus,
Fowler-Nordheim tunneling is used both to program and to erase the FLOTOX
transistor 102. Programming and erase N0.422 D05 'I 6 J UN 200 



1 6. JUN ' 04 (WED) 21 : 1 2 COMMUN I CAT I ON No. 53 PAGE. 5   1E~~06~2~04
21:24 KHRTTRR WONG & PRRTNERS ~ 63390252 NO.422 D06 h y ~ s ,~uN zoos times
are on the order of 0.1 to 10 milliseconds. A FLOTOX transistor 102 can
retain a charge for years, normally. In an article by Sik On Kong arid Chee
Yee Kwok, entitled "A study of Trapezoidal Programming Waveform for the
FLOTOX EEPROM" published in Solid-State Electronics, Vol. 36, No. 8, pp.
1093-1100, (1993) it was Stated in the Abstract that are analysis was made
of "the effect of some different programming waveforms on the tunneling
current and threshold voltage of the FLOTOX EEPROM". It stated further,
"Four waveforms have been considered; square, linear ramping, exponential.
and, a new proposal, trapezoidal.. it is shown that the trapezoidal
programming waveform is the only one which can produce a constant tunneling
current, and therefore it is possible to optimize 15 programming time and
achieve tunneling field and current levels cansistent with the objective of
improving the long term reliability of FLOTOX EEPROM." However, the shape
of t 20 2a the waveform needs to be generated by linear circuits which are
not easily optimized in digital. circuit design. The stepwise ramping
waveforms proposed in FIG. 7A and 7B use only digital circuits and are
therefore easier to incorporate. Digital circuits also allow interactive
programming and threshold voltage detection, Which results in tight Vtw
control. In a Flash memory device, the programming can be done bit by bit
and the erase can be done in the page mode, 16. JUN ' 04 (WED) 21 : 12
COMMUNICATION No. 53 PAGE. 6   16.~06~2C~G4 21:24 KHATT~1R WONG ~ PF1RTNERS
~ 6339252 N0.422 D07 i b whereby a lot of bits can be erased together. The
present invention covers all, flash memory devices well. as other EEPROM
devices including the FLOTOX EEPROM. The equations. used in the article by
Sik On Kong and 



5 Chee Yee Kwok are as follows write Operation~~.ass~  ~`'~'
~1t0E~~~ar~V~rr ~ ~ ) _ '~" ~ Vt.". ~ ~ ~ ' V~ ~. ~ r Glh~e r0~dvQ xz~~C
~wdtW~'Le~'6'R~,. . . . . , Control gate vo~.tage ramprate during Write
operationa.......characteristic constant (pre-20exponential )
___.._~_____.._____...._~,, ~gxl0.~' AV'sa.......~h~trscteristio
canst$nt(exponential) -T-~_~-___.._..____.,_Z~3 1~1
cria''~At",~....Tunnelirig area ~"...___-ww~..__~..w__r_~.~"~
~ZC~,~.....Plate to plate capacitance (CG~-FGA)E.. ... . ,Electric field
across the tu~tnel,oxide1~"n....Tunneling current defined
by~`c~wler-~Tardhe,im ~aquati,on~c.~w~....Tunnel ox3,de
thickness-___..~.~.___~.0 nmV~,Q(01..~untrol gate voltage at time =
030'V~w~ 0) Thx~eaho7.d voltage beforewx~,te
aperatior~-____.,__.._____.-_-~V~~ . . . . . Neutral Dell threeho~,d
Vo,itage--~_0 , p Vkw......war~,te operation
caupl,i~gconst$~t_______.......~_ ___.,______.._Q, ~a935Erase
o,~parationER~,"r,VKt ( Q )  ~'~` ~' ~,.~." ~ V ~ ' ~j ( 0 )W~EX$' ~a ~,~
k~ k.r  16. JUN ' 04 (WED) 21 : 12 COMMUNICATION No. 53 PAGE. 7   1606i204
21:24 KHRTTRR IJONG .~ PRRTNERS 3 63390252 ~yt31 ~~ ~ -~.. ~r~lP ~w ~ Vt. 5
~,~ = asp -~.-.lt~ where N0.422 DOB  k.........Erase. operation coupling
constant--- 0,8~ ~Ite~O~....Threshold voltage before l0 erase operation.
R.........Control gate voltage ramp rate during erase operation
t"........Erase time V~.....Total change of threshold voltage~ 



i5 during erase operation -____.._~.__ _.. g. w SUMMARY OF THE INVENTION An
advantage of this invention is that it increases the speed. of writing and
erasing data in a flash EEPROM device or other EEPROM devices by a factor
of two to three times . 20 Another advantage of this invention is that it
increases the lifetime of a flash EEPROM device by a number of programming
cycles. A further advantage of this system is that linear camping waveforms
are provided. In accordance with this invention, an EEPROM MOSFET memory
device is provided with a substrate on which a gate electrode stack is
formed on a doped silicon semiconductor material with a gate electrode
stack including a tunnel. 16. JUN ' 04 (WED) 21 : 13 COMMUNICATION No. 53
PAGE. 8   lfa~06r2004 21:24 KHRTTHR Wf7NC~ ~ PRRTNERS -~ 63390252 t 9  8
,lUN ~r~ N.422 D09 oxide layer, a floating gate eletrode and a control gate
eletrode with a dielectric layer between the floating gate electrode and
the control. gate eleotrode. It also includes source and drain regions
formed in the substrate 5 self-aligned with the stack, The source region is
at a source voltage,the drain region is at a drain voltage and the
substrate is at a substrate voltage. Means are provided for writing data to
the floating gate electrode by applying an upwardly stepwise increasing
control gate voltage Vcr. waveform applied to the control gate of the
EEPROM device. The waveform is a voltage ramp providing a substantially
constant tunneling current into the floating gate electrode which is
approximately constant.with respect to time so programming speed and the
number of write/erase cycles is increased, The means far threshold voltage
testing compares the voltage of the drain electrode to a reference
potential. There is means for providing the ramped pulse output to the
control, gate electrode by producing a sequence of increasingly higher
counts to a decoder which provides sequential. switching of successively
higher voltage pulses from a voltage divider, and these is means for
providing a ramping operational amplification to the successive higher
voltage pulses , Further in accordance with this invention, the method of
operation of the above device is provided as described above and
hereinafter 25 16. JUN ' 04 (WED) 21 :13 COMMIJNICATION No. 53 PAGE. ~  



16/B6/2084 21:24 j  ~..J 1~ an KHRTTRR WONG & PRRTNERS -~ 63398252 N0.422
D18 j~ ~ JUN ~~p . 10 Brief Description OF,The DRAWING The foregoing and
other aspects and advantages of this invention are explained and described
below with reference to. the accompanying drawings, in which: FIG. 1A shows
a pair of electrodes including polysilicon electrode and N+ silicon
electrode separated by a silicon dioxide layer. FIG. 1B shows an energy
diagram for the device of FIG. lA with an energy gap FIG. 2 shows a, Flash
EEPROM (electrically erasable PrOgrammable Memory) device in accordance
this invention formed an an P-doped silicon semiconductor substrate . FIG.
3 shows a fragmentary, sectional view of a prior art floating-gate
tunneling OXide (FLOTOX) transistor. SIG. 4A shows simulations of four
pragramming waveforms of voltage Vcg, in Volts as a function of time in for
waveforms r1-r4 FiG. 4B shows the resultant tunneling current density
curves as a function of time produced in response to the curves Rl, R2, R3
and R4 in FIG. 4A  ~5 16. JUN ' 04 (WED) 21 :13 COMMUNICATION No. 53 PAGE.
10   16~E~6.~20~4 21:24 KHRTTRR ~JONS ~ PRRTNERS ~ 63390252  FIG. 4C shows
the write threshole voltage Vtunw response to the waveforms R1, R2, R3, and
R4 in FIG. 4A. FIG. 5 shows the threshold voltage (V) window versus the
number of write/erase cycles of three different EEPROM's. 



FIG. 6A shows a Constant value of Vg during programming.  N0.422 D11 16.
JUN ' 04 (WED) 21 : 13 COMMUNICATION No. 53 PAGE. 11   Z~~GG,,2~p4 2q:24
KHATTAR WONG & PRRTNERS -~ 6339G252 N0.422 D12, . ~~ $' JLI~V 2~G ! In FIG.
6B a trapezoidal programming waveform is shown in which Vc, ramps from a
starting value with a rate which compensates the repulsion.of electrons,so
that the tunneling current is a constant. 5 FIG. 6C illustrates a type of
"smart" programming '' Where within, a Chip, there are many memory Cells (e
g 4 million . FIG. 7A shows how a stepped ramping pulse is employed instead
of the linear ramping pulse in FIG.6B FIG. 7B shows a combination of the
approaches of FIG.6B and FIG.6C with a series of pulses, with ramping
amplitudes applied to the control. gate. FIG. 7C shows an set. of pulses as
in FIG. 7B with a ramping voltage for each pulse. FIG. 8 shows actual
experimetal. data Vcp,vs. time (usec.) for the curve A the system of FIG.
6A vs the pulsed control gate voltage curve B in FIG. 7B. FIG. 9A shows an
analog circuit 90 comprising an operational, amplifier A1( with "*/-"
inputs. FIG. 9B shows the waveforms of voltages v,and V2 with I a square
waveform for a duration "t'" during which voltage V2 falls below 0V whereas
voltage V2, rises above 0V for duration "t". FIG. 9C shows the output on
line 92 which is a pulse for duration "t" with a sawtooth value rising from
the positive value Vl by a delta amount. 1H. JUN ' 04 (wED) 21 :13
COMMUNICATION No. :. ~ ,.,. 12   26ieSi20~4 21:24 KHRTTRR WONG & PRRThIERS
-~ 63390252 r hJ0.422 D13 ~ ~ JUN ~a0i~ 



12 . FIG l0A shows a device With the erase step or pulse voltage -VE
applied to the control gate electrode of floating.gate memory MOS cell.
FIG. 10B shows a device with a voltage applied to the 5 control gate
electrode of floating gate memory MOS cell. FIG, 11,A shows an EPROM.
EEPROM or flash memory cell as an FET device with a floating gate and a
control gate electrode . FIG. 11B shows the circuit based upon the circuit
of FIG, 11A. FIG. 12 shows a sense amplifier for threshold voltage testing
of transistor Q3 in Fig . 11A. FIG. 13 shows the circuit diagram of the
ramped pulse generator 24 of FIG.11A  v 16. JUN ' 04 (WED) 21 :14
COMMUNICATION No. 53 PAGE. 13   16.06r'2004 21:24 KHRTTRR WONG '~ PRRTNERS
~ 63390252 N0.422 D14 $ .!1!N 200 i ~! 15 ZO  DESCRIPTION OF THE PREFERRED
EMBODIMENT  Non-volatile EEPROM memory devices contain isolated floating
gates such as gates FG1 and FG2 in FIGS (2 and 3. Such devices can be
programmed by electronic tunnelling from the channel region through a
tunnel oxide layer TXO such as the one shown in FIG 1a. F1G.1A shows a pair
of electrodes.including polysilicon elecrode E1 and N+ silicon electrode E2
separated by silicon dioxide(SiO2) layer TX0 with a thickness of about 5nm
(50A). polysilicon electrode E1 and N+ silicon electrode E2 are connected
to opposite terminals of DC voltage supply V3. which is also applying a
large voltage. FiG. 1B shows an energy diagram, for the device of FIG. lA
with an energy gap. This invention relates to a11 flash EEPROM devices.
EEPROMS = ELECTRICALLY ERASABLE PROMS EEPROM devices are similar to EPROM
devices in structure but the data in a ROM is erased electrically rather
than with a UV light source 16. JUN ' 04 (WED) 21 : 14 COMMUNICATION No. 53
PAGE. 14 



16rG6r2GG4 21:24 KHRTTRR ~JONG & PRRTNERS ~ 6339G252 N0.422 D15  Flash
EEPROMS In a flash EEPROM device the data (charge) of many of the memory's
array cells.can be erased simultaneously as with a UV-EPROM, not with UV,
but  with an electrical erase signal The sound is fast, i.e. the cells can
be erased rapidly (1 or 2 seconds, compared to the 20 minutes required to
erase a UV-EPROM). The erasing mechanism in flash EEPROMs is
Fowler-Nordheim tunneling of the floating gate to, according to different
designs, the drain, region, the source region or the Channel region.
Pragramming of the floating gates, is carried out in most flash cells by
hot-electron injection into the gate. The upper polysilicon layer forms a
control gate electrode and the word lines of the structure, while the lower
polysilicon layer comprises a floating gate electrode. The gate oxide can
beg about 10 nm thick, and the interpolysilicon dielectric can be an
oxide/nitride/oxide  (ONO) composite film about 17 nm thick. FiG 2 shows a
Flash EEPROM (Electrically Erasable PROgrammable memory) device 10 in
accordance with this invention formed on an are P-doped silicon
semiconductor substrate 12 doped with p type dopant in which a flash 25
memory device is formed between first and second FOX regions 14 and 14'
which are formed on the surface of the ,.  16. JUN ' 04 (WED) 27 :14
COMMUNICATION No, 53 PAGE. 15    16!062004 21:24 KHRTTRR ~JONG & PRRTNERS
-~ 63390252 N0.422 D16 r v 1 G. subetrate 11. Centered between the first
and second FOX regions 14 and l4' on the surface of the substrate 12 is
located a gate electrode stack l6. Self-aligned with the gate electrode
stack 16 in the substrate 12 are a source region S1 on the left and a drain
region D1 an the right formed in substrate 12 . In the surface of the
substrate.l2, between the source B1 and the drain region D1,below the
tunnel oxide layer TX1 are formed a channel region. CH1 



next to the source region S1 in the  substrate 12 A pinch off region POR
adjacent to the drain region D1 in the substrate 12 is formed during the
write cycle when suitable bias voltages are applied. The source voltage of
the source region S1 is Vm. The drain voltage of drain region D1 is Vd. The
substrate voltage of substrate 12 is Vsub The control gate voltage is Vcg.
Stack 16 includes the tunnel oxide layer TX1 which has a thickness of from
about 50A to about 120A formed on the surface of the substrate 12 above the
channel region CH1 and pinch off region POR. Above tunnel oxide layer
TX1.is formed a conventional floating date electrode FGl, composed of doped
polysilicon having a thickness of from about 1,000A to about 5,000A, an
Interconductor Dielectric layer ICD1 preferably composed of ONO (silicon
Oxide/silicon Nitride/silicon Oxide , and a control gate electrode CG1,
composed of doped polysilicon having a thickness of from about 1, 000A  to
about 5000A. Shown to 16. JUN ' 04 (WED) 21 :14 COMMUNICATION No. 53 PAGE.
16   16/06~2~04 21:24 KHRTTRR WONG & PRRTNERS -~ 63390252 i the left of the
gate electrode stack 16, is the self-aligned N+ doped source region S1,
which is located between the gate electrode stack 16 and the first FOX
N0.422 D17 ~ d~N 2~tG region 14. The self-aligned N+ doped drain region D1
is loccated between gate electrode stack 16 and the second FOX region 14  .
The N+ doped source/drain regions S1/D1. are doped with a concentration of
phosphorus dopant frorn about 1,E 18 atoms/cm3 to about 5 E 20 atoms/cm3.
The N+ doped source region Sl and the N+ doped drain region D1 respectively
ovarlap the opposing edges of the gate electrode stack 16 with the channel.
region CH1 of the Flash EEPROM device 10 located between N+ doped source
region S1 and the pinch off region (PO) which is ,juxtaposed ( in
side-by-side relationship with the N+ ripped drain 1S region D1. Note that
the POR is a part of the channel region CH1. The POR is formed when the MDS
is biased in the saturation region during the write cycle. For the write
operation, the tunnelling can be done by Fowler-Nordheim tunnelling as in a
FLOTOX EEPROM as shown in the prior art, as in FIG. 3 or by hot electron
tunelling in Flash Memory EPROM devices of Fig,2 normally. FIG. 4A shows
simulations of four programming waveforms of voltage Vcg in volts as ,a
function.of time in ,, 4n 16. JUN ' 04 (WED) 21 : 14 COMMUNICATION No. 53
PAGE. 17  



16.'06/2004 21:24 KHRTTRR WONG & PRRTNERS j 63390252  5 .1 ~.5 t i ~0 a~
milliseconds. The waveforms shown are shown as follows: Rl positive square
voltage pulse VCG1 R2 linear voltage ramp towards a constant value R3
exponentially rising voltage VCG1 R4 Trapezoidal. VCG1 = 8,955v + (7.096v +
t) where t = time Please~ rote that the simulations in FIG. 4A are for the
FLOTOX EEFROM only not for the flash memory. When R1 positive square
voltage R1 pulse VCG1, is applied to the control gate CGl which initiates
the tunnelling as Shawn in FIG. 4A, F1G. 4B shows the resultant tunneling
current density curves Jt,.~w I A/cm' a as a function of time produced in
response to the Via,, curves R1., R2,  R3, and R4in FIG.4A. The resultant
tunnel current density produced for curves Rl, R2, R3, and R9~ ~.n
Amperes/cm~ vary as a function of time on trie ae~me~ scale as FTG. $A.
F1G. 4C shows the write threshold voltage Vsunw response to the waveforms
R7., R2, R3, and R4 in FIG. ~A. since electrons repel electrons, referring
to FIG. 48, the result of application of voltage pulse Vas,. R1 is that the
R1 programming current J~,""w as seen in FIG. ~8 spikes to a very high
value above 0.06 Amperes/cm"' in the range o~ 1. Ampares/cm'' to 14
Amperealcm'"~ at the start arid then, later, the programming currant
decreases dramatically after the start. The current spike of wave R1
degrades the tunnel N0.422 018 1 E ,l~rH ~~o~ 16. JUN ' 04 (WED) 21 :15
COMMUNICATION No. 53 PAGE. 1B   16.~06~2004 21:24 KHRTTRR ~JONG & PRRTNERS
~ 63390252 N0.422 D19 ~~ ~ au~ ~~a~ 



oxide layer TX1, which results in a reduced number of achievable read/write
cycles, end the decrease in programming current R1 .in FIG. 48 prolongs the
programming time' which is typically 5 micorsecond ( ors y for the writes 5
operation (for hot electron tunnelling) arid 1 milliseond (ms) for the
write and erase operation with Fowler-Nordhefm tunneling.) Different
ramping waveforms R2 and R3 which have been used to alleviate the problem
as shown in FIGB. 4A-4C, riut '..r the results of waveforms R2 arid R3 ace
not optimized the waveform in accordance with this invention is the
trapezoidal  waveform R4 which starts at a law value of about 8.955 Volts
end ramps up  to i.4.6138 Volts after 0.8 mi1liseconds. A Table of the
values of R4 is ae ~,5 follows TAHT~~ ITime (met0.~0.40.60.8Zo pe~.ta V~v,,
1.419 i.8384 4.5T6 5.6598V~"~,~to (ma )8.95508.9,508 . 95508.955f25Total
V~,~,,10.3'4211.793413.A2614.61$ The above V,~~~ valaea lead to tunneling
cu~xent I~,un in the gate oxide layer TX1. In accordance with curve R4, the
voltage V~~,~ starts as the desirable tunneling Current 80 density Jt"" of
about 0.03 Amperes/am' (as contrastad with 16. ,TUN ' 04 (WED) 21 :15'
COMMUNICATION No. 53 PAGE. 19   1606.'2004 21:24 KHATTRR 4JONG & PRRTNERS 3
63398252 N0.422 D28 . ~! 6 lt~N 2pl~l ~.8 the current density of
substantially greater than ~~. 06 Amperes/cm~ for ourve R1 j . The voltage
v~,~,~ is then tamped up to overcame the electron repulsion buildup within
the device with more electrons in the polysillcon floating 5 gate
e3,electrode FGI. A solution to the problem is tc~ acre a trapezoidal
waveform R4 of voltage V~aa as shown in FIG. 4A. An ~,nitial write
programming voltage is chosen so that a suitak~l,e tunnelling voltage ~~,~
applies on the tunnell.ng oxide! which results i a suitable tunneling
currant lt,~~. As ~e~.eotro~s are tunneled into the floating gate, a
tamping voltage R4 is applied on the control gate CC~1 to compensate ~ ~ os
the electronic repulsion until. the required programmed threshold is
achieved. 35 Preferably the voltages applied during the application of
voltage ~~~~ ,in accordance with the R4 waveform during the write mode are
within the range of voltages in TABLES I1 and 111.  



16. JUN ' 04 (WED) 21 :15 COMMUNICATION No. 53 PAGE. 20   16IG~6~2004 21:24
KHRTTRR ~JONG & PRRTNERS j 63390252 4  1Q 15  2~ TABLE II applies to Fowler
Nordheim tunnelling, as follows: TABLE I1v,~ -0 Volts to d Voltsv~ -Q Volts
to 0 volts~ Volta to 0 Vc~its~GKi~7, ~~r0'~lt~'0,~. Ga'~..f,~. V~1~,'(;
~gl,~Va -Sou~oe Yr~~.tageVm. ~Drain VoltageVs.ub =Substrate Voltage TABLE
BIZ applies to hot electron tunneling, as follower TABLE II Va ~ 0 Volts to
0 Volts V~) = 3 Vc~~.ta to .6 Volts V"~, m 0 ~7olts to p 'Volts Vc~,~, ~
Control date Voltage V~ ~ source Voltage v~, - grain Voltage Vs"~ ~
~u?~atxate Voltage As stated above with curve R4, voltage V~~~ varies from
30 an initial value of just less than 10 Volts up to neax 12 Volta dining a
time period of about 1 mic~d~ecands. The ease cycle is done by applying the
\programming waveform to the source/drain while the control gate is
grounded. N0.422 D21 r~ B JUN ~~p 16..JUN ' 04 (WED) 21 : 15 COMMUNICATION
No. 53 PAGE. 21   16i'06/2604 21:24 ,. 



KHATTF1R WONG & PRRTNERS ~ 63390252 N0.422 D22 ~ $ JIIN 20 The constant
current condition fox EEPROM devices using Fowler-Nardheim tunneling
current, like the FLOTDX RpROM for both write and erase operations, the
equations to provide a constant current programming condition are described
above with preference to Sik Can Kong, et al ) Fart hot electron tunnelling
such a9 the waits operation of a FLASH memory, the hot electrons current 3s
usually ton complicated t4 be described by an equation, because ,it depends
upon several factors such as the channel dopant profile (three-dimension
al), the collision probabilty of electrons with atoms so ths,t the
horizontal moving hot electrons are caused to de late Exam their path and
so they turnel: vertically through the siliacon oxide. The initial. (time =
0) tunneling condition (V~, Va, dvt/dt~ is normally determined experience
15 mentally, and then the V,~ voltage is ramped so that the tunneling
current (equals Cs dVt/dt~ is constant with respect tv time. The tamping
wavefarm continues until the required Vs is achieved, FIG  snows the
threshold voltage ('V) window versus 20 the number of writelerape cycles of
three different EERt~M's. 'the first (a) set of curves is for hot electrons
injection for write and Fowiex-Noxdheim tMr'~' ~.n~ for erase. the second
(b) se's of curves includes the curves fox avalanche injection of electrons
or holes for write and erase respectively The third (c) set of curves
includes Fowler-Nordheim tunneling for both write or erase.  16. JUN ' 04
(WED) 21 :16 COMMUNICATION No. 53 PAGE. 22   16/06J2004 21:24 KHRTTRR WONG
& PRRTNERS 3 63390252 N0.422 D23  21 Referring to FIGS. ~6h-~6G and 7A~~C
for non-vtrl~rtile   



1~ ~0 ~5 v memory devices, the voltages are as follows; V,~ is the gate
voltage V'~ is the drain voltage Y,~ 3s the source voltage V" i~ the
substrate voltage xn FIG. 6A there is a constant value of V~ during
programm~.ng. For flash memories with hot electron injection far write and
Fowler-Noxdheim tunnelling for ox~as, the typical values are '~~ ~ 11v, V~,
m 5y, Vs = x' ~ '~ ~ and the typical programming time is 10 ~rsec.
Disadvantages are first, the slow programming speed as the eletrone in the
floating gate second smaller rapes electrons, and number of write-erase
cycle as the tunneling current has a high perk value .at the start which
degrades the tunnel oxide. In FIG. 6B a trapezoidal programming waveform
i.e sh(own in which Y~ ramps from a starting vallue with a rata which
components the repulsion of electrons, so that the tunneling current is a
constant. The constant current ensures optimum programming speed. Peak
tunneling current iri the FIB. 6A is avoided. Therefore the tunnel oxide
damage is reduced ,end the number of programming cycles ~.n~reases.
Referring to FIG. 6C, within a chip, there are many memory cel.le ~e.g. 4
million. The programming characteristics of those cells fluctuate.
Therefore, with programming pulses, the threshold voltages achieved from
sell to cell is widely distributed, FTC. 6G .i.~' illusttr~ttes 16. JUN '
04 (WED) 21 :16 COMMUNICATION No. 53 PAGE. 23   16rQ6~2004 21:24 KHpTTAR
~JONG ~ PF1RTNERS -~ 63390252 1 Y N0.422 D24 ~~ ~ .I~IIV 200 2~ a type of
"smart"'programming. short pulses are applied to each cell with some
circuit monitoring the resultant V,~~ (threshold voltage aftex programming)
or alternately, the resultant ~d currant during a read operation. The
latter is 5 easier to be monitored. Pulses are applied until the desirable
V~,~) ~.s achieved, The maximum number of pulses applied is typically
3Z,000. This technique produces a much tighter spread of Vt,~, but it does
not solve the problem of the slaw programming speed and the small number of
write erase cycles . ~T,~ Time Idea a) xn FIG, ~A a stepped ramping pulse
is employed instead of the linear romping poise in FIG. 6B. The advantage
is that this waveform is much easier to generate in digital L5 integrated
circuit than the linear romping waveform. The increasing voltage is such
that the tunneling current into tote floating gate electrode is
approximatelg consta~r~t with respect to tame. The stepwise voltage can be
applied to the control gate electrode, or to the drain o~ xhe 



~0 non-volatile  memory device. To generate the waveform in FIG 6B ~._.
analog circuit such as operational amplifier A1 and large capacitor Cl.
shown in FIG 9A rued to bra incorporated into the digital memory circuit as
described below with reference to FIGS 9A - 9C. 16. JUN ' 04 (WED) 21 : 16
COMMUNICATION No. 53 PAGE. 24   16.~Dt~.'2004 21:24 KHATTF1R WONG ~
PARTNERS ~ 63398252 ~ ND.422 D25 ~? g JtJ H 20'0 2~ it is hard to optimize
the characteristics of both analogue and digital circuit in a single ship.
In FIG 7G there is a combination of the approaches of FIG. 6B and F=G. 6C)
A sexier of pulses, with camping amplitudes, art applied to the control
gate The voltage VG" ie measured between each of the seta of pulses until
the desired value of V~,~ is achieved. This pragramming scheme combines the
advantage of tight Vt~, spread) fast programming and large numbrt of write
erase cycle. A method of programming a nan-volatile memory device (flesh
memory, EPROM and EEPROM such that stepwise increasing.programming pulses
are intervened by the threshold voltage measurement, so that the number of
pulses applied to each memory cell is dust sufficient tea produce 15 the
required thereshold wattage change A tight spread oaf threshold voltage
between different cells ie achieved. in FAG. ?C there is a slight
difference from the concept of FIB. ?a by having a ranging voltage far each
( pulse The constant current condition is achieved ideally 20 as in FIG.
6B. Referring again to FAG. 7C, as in FIG. 7B, the stepwise increasing
poxes is linearly ramping A better constant current programming condition
is achieved so that the programming time is minimized. The number of
write/erase cycles is maximised and tars VT spread is 25 minimized.  16.
JUN ' 04 (WED) 21 :16 COMMUNICATION No. 53 \' rAGE. 25   16.~06~2D04 21:24
KHRTTRR WONG & PRRTNERS -~ 6339G252 ND.422 D26  Z4 For the concepts of
FIGS. 78. and 7C there are two ~ c~~l~ ~'~id options: First options The
amplitude difference between two consecutive palss 5 are fixed This
difference is calculated to produce an approximate constant programming
current condition Pulses of increasing amplitude are applied to the
floating date until desired ~i~p is achieved Second option: ~~J Referring
to FTC. 11A, an EPROM EEPROM or flash memory cell Q3 is shown as an FED
devise with a floating gate F~ and a control gate electrode CG one source S
of 



tra~tsf.stnx (~3 is connected via line 25 to node Q12, s8 is the
P-substrate 26 of transistor Q~3. Node N2 connects source S 15 arid the
substrate 26 to ground voltage V~,~. The drain ~ of transistor Q3 is
Connected via Tina 19 to node Nl. Node Nl connects via resistor R2 to
supply voltage V~G. Node Nl also connects via line 19 'to an input of sense
ampliflier ~0. (. The sense amplifiex provides an output va line ~2 tc~
ramped ~0 pulse generator ~4. The output on line TC~ from generator 24 ire
supplied to the control gate a~.ectrocle CG of transistor p3. In operation
of this circuit the V.~p 4f after each pulse on lane 19 from transistor Q3
is measured by sense amplifier ~D which provides for threshold voltage
testing a~ the cell Q3. The amplitude of the next pulse from pulse
generator 24 is egual to ths~ V~p value of cell g3 Y 16. JUN ' 04 (WED) 21
:17 COMMUNICATION No. 53 PAGE. 26   16t062004 21:24 KHATTAR ~JONG ~
PARTNERS ~ 63390252 N0.422 D27 ' ' ~ ~ .~ltlN 2~ 25 plus a fixed amount
that id provides b~ tamped pulse generator 24 The output from generator 24
peeves 4n ~,ine ~6 to xh~r control date line TC~G as vol.tac~e V~g to the
control.gate electrode CG of translator Q3. Thin scheme 5 takes care of
those programming bits which are slow, so that programming speed is
optimized for them also, The disadvantages ie that ~.t hoe to actually
measure the Via between pulses, other than setting an on/off action~ to
determine whether the V~~, ie achieved, and continue sending pulses if it
is not. ~`xG. 118 shows the circuit 18 based upon the c~.rcuit of F1G. 11A
where like parts have like functions with the ramped pulse generator 24
having its output pulse line 26 connected to the tamping, operational
amplifier circu~.t 2'7 15 which converts the tamped series of square wave
pulses into a tamped series of saw tooth pulses apt illustrated 3n FIG. 7C
end shown an FIG. 11H to alongside~ line TCG~ which leacle t~o the input to
the control gate electrode CG. FIB. 12 shows the sense amplifier 20 cur
threshold 2Q voltage testing of transistor Q3 in FIG. 11A, A supply voltage
shown as the preferred value of five volts, 5'V, is applied to the upper
ends of resistors R8 and R9. Resistor R$ is connected at the other end via
node N~ to the soured/drain circuit of MOSFET transistor Q4, which connects
25 down through constant current source CC6 to ground. Resistor R9 ie
oonnected at the other and to the 1 6. JUN ' 04 (WED) 21 : 1 7 COMMUNI CAT
I ON No. 53 PAGE. 27   16a06/2004 21:24 . 



a  1~  ~0 ~6 source/drain circuit ref MOSFET transistor Q~ which alea~ ~ ~
,~~N ZtR~ Connects dawn through constant Current source CCS~to ground. .,
The gate electrode of transistor .p~ is connected to lihe 19 i~ Figs ~aP~
and 17.b dorm the drain side o~ cell Q3~vi.~t" line ~~r9 and 1'~. The gate
electrode of translator Q~ is connected v~.a line 21 to a reference voltage
v,~$~ of about 4.5 Volts, for example. The output voltage from the sense
amplifier ~u .is supplied from node N8 via line ~~ era output Va ~'~G, ~.3
shows the circuit diagram of they tamped pulse generator ~~ of FIB. lIA
which is used to ~araduce the results shown in FIGS., 7A, 7B and 7C by
generat~~.ng of stepwise increasing programming pulses with steps ST on
lute TCG. A clock signal ICLp is applied to a binary counter 3U ~c that it
counts. The counting states (for example from 0 to 215~ are decoded by a
decoder 28 which turns on the trarismision gates SW3, SW4...gWn acre at a
time. The transmission gates SW3, SW~...~Wr~ are connected to a potential
divider so that consecutive nodes of higher voltage axe switched to the
control gate of the memory cell, to produce a atepwise .Increasing
volt~ac~e waveforrn vg. The clock frequency and the voltage step are so
selected that an approximate constant tunneling current condition is
ICHATTflR WONG R PARTNERS -~ 63390252 N0.422 028 16. JUN ' 04 (WED) 21 : 17
COMMUNICATION No. 59 PAGE. 28   16W6.'2604 21:24 KHRTTRR t~ONG & PRRTNERS
-~ 63398252 N0.422 D29 2? established that ~.s as folZ~av~sx: 



~.V ~ ~~vr~ " G~118t~1I1t ~.t 5 where C~ is the total capacitance iT~~ is
the tunneling current chosen for the inclusion of programming speed an
number of erase cycles~ V 1~ -~ - is th step change of applied programming
,,~,t voltage par pulse duration For FIG. 7B, where pulses are applied
until the x~egui~ed threahol4 voltage is achieved, a sense amplifier is 15
ue~ad for threshc~~.d voltage detection. Between each pragramm~,nd pulse,
the memory sell !.a set into a rad mode. A f~.~ed gat~r voltage is applied
to the cantrol gate CG of FAG. 11A through the tamped pulse generator 24 by
presenting the binary counter 30 in FIG. 13 to a certain value ~0
earrespond~.ng to the programmed threshold voltage. the drain voltage Vd in
FiG. 11A 3s compared with mid voltage of ~.5 Volte so that if Vd ie less
than 4.8 `Volts, the cell is considered to be programmed to the required
threshold voltaage. The sense amplifier 2Q increases the speed of 25
reading the voltage since a drag in the voltage, from 5 Volts to 4.5 Volts
initiates detection of the Z17. This occurs instead of voltage dropping
from 5 Volts to ~.5 Volts before detection by a CMOS inverter, this is
particularly important as the drains of many cells are connected to a bit
line where the 3d total capacitance is large and the voltage ramp .is
sicrw. 16. JUN ' 04 (WED) 21 : 17 COMMUNICATION No. 53 PACE. 29
lE~rp6r2pp4 21:24 w s .. . KHRTTF1R WONG ~ FRRTNERS -3 6339p252 ~8 If the
th~eahold ~,~ a~t achieved further, pulses will N0.422 D3p  be initiated by
the pulse generator, Otherwise the programming is finished. Referring to
FTC, 7~, whereas the ind3vidu~l pu~.~e~ are 



5 tamped, an operational, amplifier~ like the one shown in FIG. 91~ is
Connected btween the pulse generator and the gate electrode so that each
pulse has s tamping v~sltaqe added as shown in ~"T~. 11B. Compesation of
generator 24 is c by n eight bit 1~ Ia~.nary count~r 3a which haa~ eight
output lines ~L connected as inputs. to a decoder ~B, Counter 30 has an
input clock pub.e line 1CLP for a square we~'e. A reset ~.i~re RS ~o~ a
reset signal. is provided t~lso. decoder xB had a set of output line pairs
CL~, CL~, ~5 CLS, CL6,...CLn connected to control a set of awitches SW3,
SW4, SWS, ~W~,...SWn. S~rltch Sw3 connects node Nf xo node N3'( ewitGh SW4
connectsssssssssssssects node N4 to node N4', switch SW4 connects node N5
to L node 1~5', switch SWG connects node N6 to node NG' and switch ~~0 RWn
connects node nod~~Nn to node Nn'. Nodes N3'r N4', N5', N~',...Nn' acre
located along line TC6 which is the output line from ramped square wave
pulse genneratar ~~ as described above in connection with FIGS. 11A and
~,1R. Resistor R3 is connected between nodes N3 arrd N~4. 25 Resistor R9 is
connected between nodes N~ and N5. Res~.~tot R9 is connected between nodes
NS and Nfi. Resistor Rfi is   16. JUN ' 04 (WED) 21 :17 COMMUNICATION No.
53 PAGE. 30   16.~G6~2C04 21:24 KHATTAR ~JONG '~ PRRTNERS -~ 63390252
N0.422 D31 29 connected between nodes N6 snd ~Tn, a.lthough mare nodes and
rslBtQrs may be included depending upon the numbr ~sf shops to Die provided
p~` the camped poise generator ~~ as ldl.cated by the dotted lines between
resistor R6 and ns~de Nn. 5 The voltage Vx is supplied to a voltage
d3,vider composed of the series of resistors R3.r R9~, R5, R~...Rn, wrhere
n is a positive integer equalsl to the number of steps 



to be provided by ramp posse generator ~~. Nodes N3, Q14, N5, N5, . . . N'n
are connected to the tops of the respe~ctiv~a resistors R3, R~, RS, R6...Rn
~Go provide .a plurality ~af different voltages values divi.ded dawn by the
voltage divider conposed of resistors R3, R4...i~n. The resistor Rn is
corrvdected et the oppoed.te end from node Nn through the source/drain
circuit of M-FET device Q6 to ground. The 15 voltage V,, is the control
voltage which enables the step. pulses on line TCG when the tra~s~.stor ~#
:~b ~onduct~,ng. Otherwise the voltage on line TCC3 will be at v= whn an~r
orie o~ the swi.tches SW3, ~'~14, SWS, RW6.r  . .~$'i~Lt ~,s closed. E The
nodes lN3, N4, N5, N~,...Nr~ ~~o~nect through the ~0 inputs of switches
BW~J, SW4, SWS, SW6,r , . , S'Wn to nodes N3' , N~', N5', N6',...Nn'
respectively to ~xovide the sta~ped voltage V~ with steps ST to line T~~
which i~scxeas'es ~.n value as the switches connect higher and higher
towa~rda switch SW3 where the value a~ VQ = W.x. Z5 The programming
~aave~ox~m provided an lire TCG b~ the circu,it of FIB. 11A from the ramped
pulse generator 24 can  16. JLIN ' 04 (WED) 21 :18 COMMUNICATION No. 53
PAGE. 31   16r'e6~2~04 21:24 KHRTTRR LJOhIG & F'RRThJRRS ~ 6339252 i
hI0.422 D32 ~1 ~ ~U~1 ~,~ beg applied to aid. charge storage non-volatile
memory devices, such as EPROM EEPROM and FLASH memories. It cart be
.applied to both NMOS and FMOs~ memory cells(~tith suitable reverse of all
electrode voltages ~ . Tt cart be applied in 



5 memory devices programmed either by Fowler-Nt~rdheirn Programming) Hot
channel electron tunneling, arid avalanche injection of electron ar hole.
It carp also be applied during the write and the erase operation. In the
Zater case, the programming voltage can be applied either to the gate, ar
to the drain eleatrade with suitable reverse of voltage polarity, depending
on the ~design. FI6. IOA shows .a device 94 and the description thereof,
beloW. FIG. 108 FIG. 8 shows actual. experimental data ~af V,~p vs, time
(~raec.) for the curve A the system of FTa. 6A vs. the pulsed 15 control
gate voltage Curve 8 in FI~~. 7~. FIC3. 1 ~A shows an. analog circuit 90
comprising are operating amplifier A1, with ~'+/-" inputs. The +.. input is
connected to voltage V1. the "-r input is connected~ to a node connected to
the first ends of resistor R1 and capacitor Cl. Resistor R1 is connected at
its other end to voltage source t~~ . capacitor ~l is connected at its
Other end to the output ~~ of operational amplifier Q11. Analog circuit 90
is provided far incorporation into floating gate memories far the
generationi of a 'linear trapezoidal 2~ programming waveform for typical
values such as the  1F~. JLIN ' 04 (WED) 21 :18 COMMUNICATION No. 53 PAGE.
32   16/b/2004 21:24 KHRTTRR ~IONG ~ PRRTNERS ~ 63390252 N0.422 D33 ~, ~
~lU~l 2p01, 31 parameters, as follows V1 = 10 v V2 = 5v -_ R = 1M\  C =
20pf 5 . t =  l us ~V = 5v , , _ ~'FIG. ~8 shows the waveform of voltages
'V1, arid Vz w.~th a sguara wevetorm fox a duration "t~" during which
vaitage V~ 10 falls below 0v whereas voltage~ v,, rises above 0v for
duration "t" , FIB. 9C shows the output on Brie 9~2 which is a pulse for
duration "t" with a a sawtooth values risingg fray the positive value V~ by
a val.ue of ,~V, whioh ~,s def fined by 15 the relationship as follows ~V =
~.,.... t RG !' ' ~ FIO. l~shows a devise '9~ with the erase step or pule
2~0 voltage ~V~ applied to line 96 to the contral gate electxode of
floating gate memory M06 cell 94 The dram region D of cell 94 is connected
by line 95 to a voltage of 0V. The source region S of cell 9a is connected
by line 99 to a voltage of 0v ar   =5V. TJ~e substrate is at 0V. ~25 FIB.
10$ shows a device 9H ~with a voltage of 0v ox -5V applied to line 100 to
the control, gate electrode of 



16. JUN ' 04 (WEP) 21 : 18 COMMUNICATION No. 53 PAGE. 33   26/062004 21:24
KHflTTflR ~JONG & PFiRTNERS ~ 63390252  N0.422 D34 ~~ JUN ~Qp~ 32 floating
gate memory MOS cell. 98 The erase step os pulse voltage + vE i~ applied to
drain region 1~ ~~ M11 94 by line 99, Tie source region S of cell, 94 is
disconnectd $r~d ~,t voltage is allowed to Moat While this invention has
been described in tasma o~ the above $pec9.~ic embodiment ( a ) , these
a~Cilled iri the art wi.l~. reognize that the invention can be practiced
w~.th modifications within the Spirit arid scope ~of the appnded olaims.
that changes can be made in form and detr~i3. ) without ~departing from the
apirit and scope oaf the invention Accordingly ail such changes come within
the purview of the present invention axed the ,invention encompasaes the
eub,~ect matter of the claims which follow. 16. JUN ' 04 (WED) 21 :18
COMMUNICATION No. 53 PAGE. 34   1E.'~6~2~04 21:24 KHRTTRR ~JONG ~ PRRTNERS
-~ 6339252 N0.422 Q35 33 Claims 1. A method of programming an ~EQRpM memory
device within substrate can which a gate electrode stack is formed on a
doped sillicon semiconductor material, said gate electrode stack including
a tunnel oxide layer, a floating gate electrode and a control. gate
eleatrode, a dielectric layer between said floating gate electrode arid
said control gate electrode, a source region and a drai.n region formed izx
said substrate self~-aligned with said stack, s said source region being at
a source voltage ~'8, said drain region being at a drain voltage Vn axed
said substrate being at a substrate voltage 'V~L,~ comprising the steps as
follows; connecting a supply voltage V~~ through a res~.stor to said drain
region and connecting said source region to ground voltage Tap, 



writing data to said ffloating gate electrode by applying an upwardly
stepwise increasing control gate voltage V~~~ waveform to said control gate
electrode of said v EEPROM device with a voltage ramp hainng a
substantially constant tunneling current ~into said floating gate
electrode, wherein said substantially constant tunnelling current is
substantically constant with respect to time,  16. JUN ' 04 (WED) 21 : 19
COMMUNICATION No. 53 PAGE. 35   16~'6i2604 21:24 KHRTTAR ~JONG ,3~ PARTNERS
-~ 6339252 N0.422 D36 o~~JUN 200 ~4 providing measurements a said drain
voltage Vn with a voltage sensing testing device, anal adjusting said
upwardly stepwise increasing control gate voltage as a function of said,
measurements of said drain Voltage VDT whereby programming speed and the
number of write/erase cycles is increased. A method of progxamming a Flash
EEPROM devise a-~x accordance with claim 1 including: said providing
measurements of said drain voltage Vp with a voltage sensing testing device
including ~hxashold voltage testing of said drain voltage V~ ors said drain
region, and said adjusting of said upwardly stepwise increasing control
gate voltage as a function of said measurements of said drain voltage Vp,
includes providing a ramped pulse output tv said control gate electrode as
a function of said threshold voltage testing. 3. A method of programmi.ng a
Flasks EEPROM device in accordance with claim 1 wherein: said providing
measurements of said drain voltage Vp with a voltage sensing testing device
includes threshold 16. JUN ' 04 (~'~'ED) 21 : 19 COMMUNICATION No. 53 PAGE.
36   1E.~06/2aG4 21:24 KHRTTRR WONG & PRRTNERS -~ 6339M252 N0.422 D37 ,~ s
aura ~o~ ~s  



voltage testing of said drain voltage Va on. said dxain region, said
adjusting of said upwaxdly stepwise ~.xaareasing control gate voltage as a
fuunction of said measurements of said drain, voltage vp, includes
providing a tamped pulse output to said control gate electrode as a
function of said threshold voltage testing, atad said threshold voltage
testing comprises comparing said voltage of said drain electrode to a
reference potential. 4. A method of programming a Flash EEPR~M device in
accordance with claim 1 wherein: said providing measurement~te of said
drain voltage VQ with a voltage sensing testing device a.includes threshold
voltage testing of said drain voltage vo on said drain region, Raid
adjusting of said upwardly step~ra.se increases control. gate voltage as a
function of said measurements of said. drain voltage v~, includes providing
a tamped pulse output to said control gate electrode as a function of said
threshold voltage testing, and ` said threshold voltage testing comprises
comparing said voltage of said drain electrode to a reference potential
with a pair of FET devices and a constant current source . 16. JUN ' 04
(WED) 21 : 19 COMMUNICATION No. 53 PAGE. 37   l~rF~6r2~04 21;24 KHRTTRR
~JONG & PRRTNERS -~ 63390252 N0.422 D38 ,f ~ J~H 200  a. A method of
programming a Flash ~~~'At7M device in accordance with claim 1 including;
said providing measurements of said drain voltage Vn with a voltage sensing
testing devise includes threshold voltage testing of said drain voltage vD
on said drain region, said adjusting of said upwardly stepwise increasing
control. gate voltage ae a function of said measurements of said drain
voltage V~~ includes providing a tamped pulse output to said control gate
electrode as a function of said threshold voltage testing, and providing
said tamped. pulse output to said control gate electrode by applying
successively higher voltages from a voltage divider to paid control gate
electrode. G . A method of programming a Flash EEPROM devi.oe in accordance
with claim 1 including: said providing measurements of said drain voltage
V~ with a voltage sensing test~.ng device includes threshold voltage
testing of sa~.d drain voltage Vv on said drain s region, said adjusting of
said upwardly stepwise increasing control gate voltage as a function of
said measurementa of said drain. voltage vD, includes providing a tamped
pulse output to said control gate electrode as a function of said threshold
voltage testing, and 1 6. JUN ' 04 (WED) 21 : 1 9 COMMUN I CAT I ON No. 53
PAGE. 38   16%062004 21:24 KHRTTRR ~JONG ~ PF1RTNERS ~ 63390252 N0.422 D39 



,1 ~ a~~w 2aa~  providing said camped pulse output to said control gate
electrode by producing a sequence of increasingly higher counts to a
decoder which operates sequential switching of successively higher voltages
from a voltage divider. '7. A method of programming a Flash EEPROM deuice
in accordance with claim 1 including: said providing measurements of said
dx4.~.',~. :~7.tage Vn with a voltage sensing test~.rig device including
threshold voltage testing of said drain voltage Vp on said drain region,
and adjusting ref said upwardly stepwise inareas~.ng control gate voltage
as a function of said measurements of said drain voltage Vn, includes
providing a camped pulse output to said control. gate electrode as a
fui'ction of said threshold voltage testing by applying aucCensively higher
vo~.tagea from a voltage divider to said control gate electrode. A method
of pragramming a Flash E~.:;,.:~: device in accordance with clairn 1
wherein: said providing measuremet~ts of said drain voltage Vp with a
voltage sensing tenting device includes threshold voltage testing of said
drain. voltage V~ on said drain region , I6. JUN ' 04 (WED) 21 :19
COMMUNTCATION No. 53 PAGE. 39   16f06~2D04 21:24 KHRTTRR ~JONG & PRRTNERS ~
63390252 ND.422 D4D v ~ Q 111N 2~ 38 said thre~sl~old voltage test~,r~g
comprises ~s~tnparing said voltage of said drain eleetrode to a reference
potential, said adjusting of sai.d upwardly stepwise increasing control.
gate voltage as a function of slid measurements of said drain voltage V",
includes providing a camped pulse output t4 said control gate electrode as
a function of said thre9hpld voltage testing, and provding said ramped
pulse output to said control gate electrode by producing a sequence of
increasingly higher counts to a decoder which operates segusntial
switchingg of successively higher voltages from a vt~ltage divider. 9. A
method of px'ogramm~.n.g a Flash ~~1~ROM device in aceordat~ee with claim 1
including: threshold voltage testing' of ea~.d drain voltage Va on said
drain reg~.on, providing a tamped pulse output to said ' ~_  r^tral gate
electrode a a function of said threshold voltage testing by applying
sueec~esively higher voltage pulses from a voltage divider to said control
gate electrode, and providing a ramp~.zlg operational amplification to said
suoces~sively higher voltage pulses. 16. JUN ' 04 (WED) 21 :20
COMMUNICATION No. 53 PAGE. 40 



1E~.~G6:2G4 21:24 KHRTTRR ~JONG ~ PARTNERS ~ 63390252 ~ N0.422 D41 ~'~ ~
JUN 21~~ ~9 zo , A method of pragramming a Flash ~EPR01U1 device in
accordance with cl.aim 1 wherein: said providing measuremente of said drain
vo~.tage Vv with a voltage sensing testing device includes threshold
voltage testing of said drain voltage V~ ox1 said drain region said
adjusting of said upwardly stepwi~^ rirxeaeing control date voltage as a
function of said measuremen~Gs of said drain voltage Vn) includes providing
a tamped pulse output to said control gate e7.ectrode as a function of said
threshold voltage testing, and said threshold voltage testing comprises
comparing said voltage a~ said dran electrode to a reference pateri~C a~a1,
providing said ramped pulse output to said control. gate electrode by
providing a sequsx~oe of increasingly higher counts to a decoder Which
operates sequential switching of successively higher voltage pulses from a
voltage divider, and a providing a ramp~.ng operational amplification to
said suacessively higher voltage pulses. 11. .'~ta EEBRQM memory device
compris~.z~g: 16. JUN ' 04 (WED) 21 :20 COMMUNICATION No. 53 PAGE. 41
16~06~2004 21:24 KHATTAR ~JONG & PF1RTNERS i 63390252 N0.422 D42 6! $ ~dUH
2on~ 40 a substrate on which a gate eleotrade stack is formed on a doged
silicon semiconduotor material, said gate electrode stack including a
tunnel. oxide layer, a floating gate electrode and a control gate
electrode, a dielectric layer between said floating gate electrode arid
said control. gate electrode, a source region and a drain region formed in
said substrate self^aligned with said stank, said source region. being at a
source voltage Va, 



a supply voltage V~o being connected through a resa.stor to said drain
region and said source region being connected to ground voltage Vdd, said
drain region being at a drain voltage v~ and said substrate being' at a
substrate voltage ~'s~,b, meats for writing data to said floating gate-~
electrode by applying an upwardly stepwise increasing control gate voltage
VCGL waveform to said control gate electrode of said EEPROM device with a
voltage ramp having a substantially constant tunneling current into said
floating gate electrode, wherein said substantially constant tunnelling
current is substantially constant with respect to time means far providing
measuraments of said drain voltage Vp with a voltage sensing testing
device, and 16. JUN ' 04 (WED) 21 :20 COMMTJNICATION No. 53 PAGE. 42
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said upwardly stepwise increasing control gate vo~.i: age as a function of
said measurements of ss,id drain voltage Va, whereby programming speed and
the number of write/erase cycles is increased,  1~ , An ~~PRt~M device in
accordariae with claim 11 including said means for providing measurements
v~ said dram. voltage Vo with a voltage sensing testing device including
means fax threshold voltage testing cat said drain vc~~.tage Vp on said
drain region, arid said means for adjusting' of said upwardly stepwise g
gate voltage as a function of said increasing control measurements of said
drain voltage Vp, include~ means for providing a camped pulse output to
said control gate ~;7,electrode as a. function of said threshold v~, ~; ~~e
testing. 13. ~n EEPRC~M device iri accords,noe with ela~.m Z2 wherein:
sa~.d means fox threshold voltage testing compares said drain voltage V~ of
said drnir~ electrode to a reference potential, means for ~arov~.dir~g said
ramped pulse output to said control gate electrode by producing a sequence
o N0.422 D43 ~~ ~ Jul~ z0~~ 16. JUN ' 04 (WED) 21 :20 COMMUNICATION No. 53
PAGE. 43  
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~0~  increasing~.y higher counts to a decoder which operate sequential
switching of successively higher voltage pulses from a voltage divider, and
means for providing a rampa.x~g Qperatic~x~al amplifa,oatic~n to said
successively higher voltage pulses. 1~ . An EEPPROM device in accordance
with, claim ~.1 wherein: said means fox providing measurements of said
drain voltage Va with a. voltage sensing testing device inc~.uding means
for threshold voltage testing of said drain volt;3ge ~'n on said drain.
region, arid said means ,for adjusting of and upwardly stepwise increasa.ng
control gate voltage as a function of said meaauremex~ts of said drain
voltage V~, includes means for providing a romped pulJ3e output to said
conr~~~' date electrode as a function. of aa~,d thrashc~ld voltage
tedt~.rig~ said means far threahold voltage testing ct~mpares said voltage
of said drain. electrode to a reference poterrG~.al. 15 , An R~pROM device
izx accordance with claim W wherein said means for providing measurements
of said drain voltage 'Vp with a voltage aena~.x~g ~teeta.ng device
including 16. JUN ' 04 (WED) 21 :20 COMMUNICATION No. 53 PAGE. 44
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threshold voltage testing of said drain voltage Vo on said drain region,
and said means for adjusting of said upward~.y stepwise increasing control
gate voltage as a function ?~ said measurements o said drain voltage Vp,
includes means for providing a romped pulse oulput to said cax~trc~~. gate
electrode as a function Qf said threshold voltage testing, said means fox
threshold voltage testing cornpaxes said voltage of said drain e~.eatrode
Ga a reference potential with a pair of ~'ET devices arid a conststant
current source. 15. An EEPRON~ device in accordance with claim 11 including
said means f4x providing measurements of said drain voltage VD with a
vc~~.tage sensing testing deer; ~~ including means fr~~' thxeghold voltage
testing o~ said drain voltage Vp on said dxaia~ region, amd 



said means far adjusting of said upwardly stepwise increasing control gate
voltage as a furiction of said measuremerit& of said drain voltage VD,
includes means far providing a ramped pulse output to said control gate
electrode as a function of said threshold voltage test~.nc~, means for
providing said ramped pulse output to said ao~,tral gate electrode by
applying sucaessive~.y higher' voltage from a voltage divider to said
ar~r~tx~ol gate electrode. N.422 D45 ~ ~~ ,lUN xOQ~ 16. JUN ' 04 (WED) 21
:21 COMMUNICATION No. 53 PAGE. 45   16.~06~'2004 21:24 KHRTTRR ~JONG t~
PRRTNERS ~ 63398252 N0.422 D46 i~ ~ SUN ZD~~ 44 1?, An EEPROM device in
accordance with claim 1i including: said mans for providing measuremant~
c:f laid drain Vs~~.tage V~ with a voltage sensing testing device including
means for threshold voltage tenting of said dx~2~in voltage Va ors said
drain region, and said means for adjustxng of acid upwaxdly stepwise
increasing coritral gate voltage as a functir~n of said measurements of
said drain voltage Vo, inc~.udes means far providing a romped pulse output
to paid control gate electrode as a function of said threehc~.d voltage
testa.ng, means for providing said romped pulse output to paid control gate
electrode by produc~.r~g a sequence of increasing~.y highex cou~.ta to a
decoder which operates sequential switching of suaoeaeively higher
5r~~~aqeg from a voltage divider. ~.8. An EPROM device ire acaoxdanae with
claim 11 including: said means for grova.dirig maaurementa of acid drain
voltage V'p with a voltage aez~sa,ng testing device including means for
threshold voltage testingg of said drain~ voltage V:~ an said drain region,
said means for adjusting of said upwardly stepwise increasing control, gate
voltage as a function of said measurements of said drain voltage V~,
including means for lfi. JUN ' 04 (WED) 21 :21 COMMUNICATION No. 53 PAGE.
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providing a camped pulse output to said control ga'~~ electrode ae a
function of said means for threshold voltage testing by applying
suocesaively~ higher volta.a~s from a voltage divider to said control. gate
electrode. 19. ~,ri, ~~pROM device in accordance wiith claim ~.~. 



wherein: said means for providing measurements ref said drain voltage with
a voltage sensing testing device including means for threshold voltage
testing of said drain voltage Va on said drain, region said means for
threshold voltage testing compares said voltage of said drain electrode to
a reference potential, said means for adjusting of said upwardly stepwise
increasing control gate voltage as a funet~.on of said measurements of said
drain voltage V~, includingmee.z~s for providing a camped pulse output to
said control gate electrode as a function of said threshold voltage
testing, and means for gxov~.ding se~id camped pulse output to said control
gate electrode by producing a sequenee of inoreas~.r~gly higher counts to a
decoder which operates sequential switching 4f s~tccessive~.y higher
voltages from a voltage divider. v 16. IUN ' 04 (WED) 21 :21 OOMMUNICATION
No. S3 PAGE. 47   16.~6i2~C~4 21:24 KHpTTAR ~JONG '~ PF1RTNERS -~ 63398252
4G ~0. An EEPRQM device ~.n accordance with. ~la~.m 11 including: s means
for threshold vo~.~age testing of sa~.d drain vo~.tage ~D on said dra~.x~
~agion, means far pxov~~.di~g ~  ramped pulse output to said control gate
electrode as a fun~t~.o~r of said rnea~xs for threshold voltage tenting by
applying successively higher voltage pulses from a voltage divider to said
control gate ele~;trr~de f and means for providing a ramping operational
amplification to said aucoesa~.vely higher voltage pulses.   N0.422 D48 ~~
~ ~ tl N ZU04 16. JUN ' 04 (WED) 21 :21 COMMUNICATION No. 53 PAGE. 48
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